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Figure 23
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Figure 24A
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Figure 25
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B. Ovalbumin Specific DTH Response

0.3

0.25

0.2

0.15
0.1

0.05

Increase in Swelling (mm)

0 . T :
Alum Young IRX-Young Alum Oid

IRX-Old




Patent Application Publication Feb. 1,2007 Sheet 25 of 27 US 2007/0025958 A1

Figure 28
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Figure 29A Figure 29B
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VACCINE IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 10/637,869, filed Aug. 8, 2003,
which is a continuation-in-part of U.S. patent application
Ser. No. 10/015,123, filed Oct. 26, 2001, which claims the
benefit of priority under 35 U.S.C. Section 119(e) of U.S.
Provisional Patent Application No. 60/243,912, filed Oct.
27, 2000, all of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to vaccine immuno-
therapy. More specifically, the present invention relates to
compositions and methods for eliciting an immune response
to endogenous or exogenous peptide or protein antigens in
patients having cancer or other antigen-producing disease
states or lesions.

[0004] 2. Background Art

[0005] 1t has become increasingly apparent that human
cancers possess antigens, which, if acted upon by the host’s
immune system, can result in tumor regression. These anti-
gens have been defined by both serological and cellular
immune approaches, which have lead to the definition of
both B and T cell epitopes (Sahin, 1997; Van der Eynde,
1997; Wang, 1999). Based upon these results, it has become
a goal of cancer immunotherapists to induce the regression
of tumors. However, historically, successful efforts have
been sporadic and generally minor in frequency and mag-
nitude.

[0006] A fundamental problem in the effort to immunize
cancer patients, i.e., against tumor antigens, is that the
tumor-bearing state is associated with immunosuppressive
mechanisms derived from both the tumor and the host’s
disturbed immune system (Kavanaugh, 1996), thereby mak-
ing immunization difficult and until now impossible on a
consistent basis. Immune suppression or depletion involves
a reduced capacity of the immune system to respond. Such
suppression can be drug-induced, i.e., by drug treatment,
virus-induced, e.g., as in AIDS, or induced by a disease state
such as cancer. The immune system in this condition is
effectively turned off. In the case of a disease state such as
cancer, the body is not able to protect itself against tumor
antigens, thus allowing a tumor to grow and possibly metas-
tasize.

[0007] A variety of tumor immunization strategies have
been developed. All of these strategies are complex and
deviate significantly from the conventional immunization
strategies used for infectious diseases (see, e.g., Weber,
2000). One such tumor immunization strategy involves
Theratope®, a sialyl Tn polysaccharide mucin antigen con-
jugated with keyhole limpet hemocyanin (KLH) and admin-
istered with Detox® mycobacterium adjuvant and low dose
cyclophosphamide (Maclean, 1996). Use of this vaccine in
patients with metastatic breast and ovarian cancer has
yielded major clinical responses (i.e., greater than 50%
tumor reduction) in only a low percentage of patients.

[0008] Gene therapy has also been attempted using viral
constructs as expression vectors for genes expressing tumor
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antigens. For example, a recombinant vaccinia virus con-
struct encoding modified forms of human papilloma virus
(HPV) E6 and E7 protein sequences has been used for
immunization of patients with cervical cancer. Vaccination
with this construct yielded questionable clinical responses
(Borysiewickz, 1996). See also, Sanda, 1999 wherein a
recombinant vaccinia-PSA (prostate-specific antigen) con-
struct was used as a vaccine in prostate cancer patients.

[0009] Another approach has been dendritic cell-mediated
therapy, e.g., wherein dendritic cells were pulsed with
oligopeptide fragments of prostate-specific membrane anti-
gens (PSMA). The dendritic cells (with or without the
priming PSMA antigens) were then administered to patients
with metastatic prostate cancer. Major clinical responses
were obtained in only a low percentage of patients (Murphy,
1999; see also, Tjoa, 2000).

[0010] Additionally, autologous tumors have been used
with low dose cyclophosphamide and BCG (Bacillus Cal-
mette-Guerin) to immunize cancer patients with malignant
melanoma. However, few clinical responses were reported
(Mastrangelo, 1996). Another strategy included using
MAGE antigens with a variety of vaccine adjuvants. Again,
this has yielded few, if any, responses in patients with
malignant melanoma (personal communication, Thierry
Boon).

[0011] Several patents to Doyle et al (U.S. Pat. Nos.
5,503,841, 5,800,810; 6,060,068; 5,643,565; and 5,100,664)
disclose methods of enhancing the immune response in
patients using interleukin 2 (IL-2). This method is disclosed
for use in response to infectious diseases and primarily
functions using antigens known to be immunogenic. Limited
applicability was demonstrated. As disclosed above, the
treatment of cancer is known to require different approaches.
To date, treatment with IL-2 has shown minor effects in two
cancers, renal cell and malignant melanoma (response rates
less than 20%). It is generally considered ineffective in
squamous cell head and neck and cervical cancer and in
prostate cancer. Hence, it is not approved for these uses.

[0012] Tt is important to contrast prevention using known
“classic” antigens of complex structure and high molecular
weights in healthy patients vs. treatment (generally unsuc-
cessful) with tumor antigens or peptides (general unsuccess-
ful) in immunosuppressed patients (generally unsuccessful).
The first is easy and our current viral vaccines attest to their
efficacy. The latter is nearly impossible on a routine basis
despite thirty years of intense effort.

[0013] Moreover, effective cancer vaccines require stimu-
lation of cell-mediated immunity, perhaps even in prefer-
ence to antibody production. As noted, despite numerous
studies with various antigens, adjuvants and vaccine con-
structs, the clinical trial data to date have been disappoint-
ing. The critical events for a T cell mediated anti-cancer
immune response are antigen presentation to T cells, prima-
rily in the lymph nodes draining the site of the tumor or
immunization, followed by T cell activation and migration
to the peripheral sites. In fact, the uptake of the antigen by
tissue macrophages, neutrophils and/or dendritic cells and
presentation of processed peptides in combination with
MHC class I and class II antigens to the T cells in the lymph
node are crucial to a complete immune response. Key to a
successful T cell immune activation is the generation of the
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appropriate cytokine environment to drive the immune
response to a vaccine, at both the site of immunization and
draining lymph nodes.

[0014] The kinetics of the immune response includes two
phases. The first is the draining of the antigen and soluble
proteins to the lymph nodes, where an initial immune
activation occurs. Twenty four to forty eight hours later,
antigen-presenting cells (APCs), most particularly dendritic
cells, migrate from the site of immunization via the draining
lymphatic ducts to the lymph node, where a second wave of
presentation of antigen and activation occurs. More specifi-
cally, the APCs interact in the lymph node with precursor T
helper cells via engagement of co-stimulatory receptors as
well as T cell receptors to yield T helper 1 (Th1) cells and/or
T helper 2 (Th2) cells. The ratio of these subsets controls
subsequent development of either cell-mediated or humoral
(antibody) immune responses (Thl biasing towards DTH/
cytotoxicity, whereas Th2 biases towards antibody produc-
tion). Following the induction of these activated T cells, the
immune response subsides, leaving predominately memory
T cells, which are capable of responding upon re-exposure
to antigen.

[0015] The critical events in this pathway are mediated by
cytokines that bias the response in the direction of humoral
or cellular immunity. Locally produced cytokines, such as
IL-1, IL-2, TFN-y, GM-CSF, IL-6, TNF-a, IL-12 and IL-8,
are associated with the recruitment of immune system cells,
antigen uptake, dendritic cell maturation, dampening of T
regulatory cell activity, T cell education and proliferation,
and the development of Thl cells (Naylor, 2003). The
interdependence of the response means that the activity of
any given cytokine depends on the occurrence of precursor
events such that the simultaneous presence of multiple
cytokines can have different effects at both the injection site
and the draining lymph nodes, depending on the kinetics of
cell responses to different cytokines.

[0016] The present invention utilizes the natural cytokine
mixture (NCM) as disclosed in U.S. Pat. Nos. 5,632,983 and
5,698,194, issued to Applicant, to immunize patients, such
as cancer patients or other patients with other antigen-
producing lesions or disease states. More specifically, NCM
(also referred to herein as IRX-2) has been previously shown
in U.S. Pat. No. 5,698,194 to be effective in promoting T cell
development and function in aged, immunosuppressed mice.
NCM was shown to decrease the proportion of immature T
cells and increase the proportion of mature T cells in the
thymus. The NCM included IL-1, IL-2, IL-6, IL.-8, 1L-12,
IFN-y, TNF-a, GM-CSF, G-CSF, and IL-3, IL-4, IL-7 in
trace amounts.

[0017] 1t will be apparent from the disclosure detailed
herein that the cytokine compositions of the invention and
the methods that utilize them are applicable to the stimula-
tion of an immune response to any antigen of interest, e.g,
cancer or tumor antigens, as well as antigens produced by
other persistent disease states or lesions. As detailed herein,
the cytokine mixture of the invention acts as an adjuvant
preferably to stimulate T cell immunity in vivo.

[0018] Moreover, the present invention relates to, but not
exclusively to, eliciting an immune response to either
endogenous antigens, i.e., proteins or peptides that are
located in vivo and are processed and presented by APCs
(such as dendritic cells) in vivo, or to exogenous antigens,
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i.e., proteins or peptides that have been isolated or generated
in vitro and then administered in vivo to an environment
(e.g., a lymph node) where dendritic cells are present and
can effectively present the antigens, e.g., to T cells. In
particular as it relates to peptide antigens, this goal is
considered by many immunologists to be insurmountable.
Peptides are generally considered to be much too small to be
effective immunogens, their half life is short, and they are
often non-mutated self antigens to which the patient is
immunologically tolerant. Thus, gaining an immune
response to such antigens is tantamount to inducing auto-
immunity.

[0019] As described herein, the present invention is useful
to develop a consistent and effective method of vaccine
immunotherapy, wherein immune responses are elicited in
patients, such as cancer patients, using the cytokine com-
positions of the present invention in combination with
endogenous and/or exogenous disease-associated antigens,
including tumor antigens and peptides.

SUMMARY OF THE INVENTION

[0020] The present invention relates to compositions and
methods of immunotherapy to treat cancer or other antigen-
producing diseases or lesions. According to one embodiment
of the invention, a composition is provided for eliciting an
immune response to at least one antigen in a patient having
an antigen-producing disease or lesion, the composition
comprising an effective amount of a cytokine mixture,
preferably comprising the cytokines 1L-1, 1L.-2, IL.-6, IL-8,
IFN-y (gamma) and TNF-a (alpha). According to a preferred
embodiment, the cytokine mixture is the natural cytokine
mixture, NCM, as disclosed in U.S. Pat. Nos. 5,632,983 and
5,698,194. The cytokine mixture acts as an adjuvant with the
antigen associated with the antigen-producing disease or
lesion to enhance the immune response of the patient to the
antigen.

[0021] The cytokine mixture of the invention comprising
1L-1, IL-2, IL-6, IL-8, IFN-y and TNF-a can include natural,
recombinant or pegylated cytokines or a mixture of natural,
recombinant or pegylated cytokines. According to another
embodiment of the invention, the cytokine mixture can
further include other natural, recombinant or pegylated
cytokines such as 1L.-12, GM-CSF, and G-CSF.

[0022] The present invention also relates to methods of
eliciting an immune response to at least one antigen in a
patient having an antigen-producing disease or lesion com-
prising administering an effective amount of a cytokine
mixture comprising 1[.-1, IL-2, IL-6, 1L.-8, IFN-y, and TNF-
a, wherein the cytokines act as an adjuvant with the antigen
and stimulate an immune response to the antigen in the
patient.

[0023] Moreover, according to the present invention, the
antigen can be an endogenous and/or exogenous antigen. In
the embodiment of the invention wherein the antigen is an
endogenous antigen, i.e., present in vivo, the cytokine mix-
ture is administered to the patient, and the cytokines act as
an adjuvant with the endogenous antigen to stimulate an
immune response in the patient. In the embodiment wherein
the antigen is an exogenous antigen, i.e., isolated or gener-
ated in vitro and administered to the patient in vivo, the
cytokine mixture is administered in combination with the
exogenous antigen (either in the same preparation or in a
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separate preparation either at the same time or at a different
time). The cytokine mixture acts as an adjuvant with the
exogenous antigen to stimulate an immune response to the
antigen.

[0024] According to preferred embodiments of the com-
positions and methods of the invention, the antigen is a
tumor antigen and the antigen-producing disease is cancer,
such as squamous cell carcinoma of the head and neck
(H&N SCC), prostate cancer, melanoma, breast cancer,
lymphoma, cervical cancer or hepatoma. Alternatively, the
antigen can be one associated with infectious diseases, such
as hepatitis, tuberculosis or HIV, or with persistent lesions
such as cutaneous or systemic candidiasis, papilloma virus-
associated venereal warts or cervical dysplasia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Other advantages of the present invention are
readily appreciated as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying drawings
wherein:

[0026] FIG. 1 is a bar graph showing lymph node size in
normal controls, cancer controls or NCM-treated popula-
tions with H&NSCC;

[0027] FIG. 2A s a bar graph showing T cell area and FIG.
2B shows density in normal controls, H&NSCC controls
and H&NSCC patients treated with NCM;

[0028] FIG. 3A is a bar graph comparing B cell area and
FIG. 3B is a bar graph comparing follicles in the three
treatment groups,

[0029] FIG. 4A shows a comparison of other cells and
FIG. 4B shows a comparison of sinus histiocytosis (SH) in
the three treatment groups;

[0030] FIG. 5 is a graph showing a Node B&T (B cell and
T cell) and Tumor B&T fit plot;

[0031] FIG. 6 is a graph illustrating the survival percent-
age of treated patients at forty-eight months;

[0032] FIG. 7 is a graph illustrating the survival of com-
plete and partial responders compared to minor and non-
responders;

[0033] FIG. 8 is graph illustrating the relation of the
pathology index to survival;

[0034] FIG. 9 is a graph showing the relationship of
lymphocyte infiltration to survival;

[0035] FIG. 10 is a graph illustrating the survival percent-
age (dose response) of treated patients at twenty-four
months, wherein “x” is equal to about 100 1U/ml of I1.-2;

[0036] FIG. 11A is a bar graph illustrating the accumula-
tion of partially mature CD83+ dendritic cells (DCs) in the
lymph nodes of SH+ cancer patients;

[0037] FIG. 11B is a bar graph showing an increase in the
number of CD86+ activated DCs upon treatment with NCM
(IRX-2);

[0038] FIG. 12 is a graph showing that NCM (IRX-2)
induces DC maturation as detected by increased CDS83
expression on DCs;
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[0039] FIGS. 13A-B depicts the effect of NCM on the
morphology of monocyte-derived DCs in cytospin prepara-
tions. The cells treated with NCM (FIG. 13B) exhibited the
morphological characteristics of mature DCs such as cellular
projections and large irregular shaped nuclei;

[0040] FIG. 14 contains histograms showing down-regu-
lation of CD1a antigen and up-regulation of MHCII, CD86,
CD40, and CD54 (ICAM-1) antigen expression by periph-
eral blood mononuclear cells (PBMCs) incubated with NCM
(IRX-2). These changes indicate that NCM stimulates the
maturation of DCs.

[0041] FIG. 15 is a graph showing that NCM (IRX-2)
reduces the endocytic activity of immature DCs, which
reduced activity is indicative of DC maturation.

[0042] FIG. 16 is a graph showing that NCM (IRX-2)
enhances the T cell stimulatory capacity of DCs, which
enhancement is indicative of DC maturation and activation;

[0043] FIG. 17A is a bar graph showing that NCM (IRX-
2) increases the number of DCs producing I1.-12 intracel-
Iularly. IL.-12 is a cytokine produced by mature activated
DCs;

[0044] FIG. 17B is a bar graph showing that NCM (IRX-
2) increases the total amount of bioactive 11.-12 secreted by
DCs;

[0045] FIG. 18 is a bar graph showing that NCM (IRX-2)
decreases VEGF-mediated apoptosis in DCs, indicating a
protective effect of NCM on DC survival;

[0046] FIG. 19A contains two bar graphs depicting the
increase in percentage of monocytes/macrophages staining
positive for the combination of activation markers, CD86,
HLA-DR, CD80 and CDA40, after treatment of adherent
PBMCs with NCM, as determined by flow cytometry.

[0047] FIG. 19B is a series of bar graphs depicting the
increase in mean fluorescence intensity (MFI) for the acti-
vation markers, CD86, HLA-DR, CD80 and CD40, after
treatment of adherent PBMCs with NCM, as determined by
flow cytometry.

[0048] FIG. 20 contains bar graphs demonstrating that the
NCM of the invention activates monocytes/macrophages,
i.e., induces the expression of activation markers, CDS86,
HLA-DR, CD80 and CDA40, to a greater degree than TNF-c..

[0049] FIG. 21 contains bar graphs demonstrating that the
NCM of the invention activates monocytes/macrophages,
i.e., induces the activation markers, HLA-DR, CD86 and
CD40, even in the presence of the immunosuppressing
cytokine IL-10. The NCM is better at activating monocytes/
macrophages than LPS, both in the presence and absence of
1L-10.

[0050] FIG. 22 is a bar graph demonstrating that the NCM
of the invention stimulates the production of TNF-a from
activated monocytes/macrophages and overcomes the
immunosuppressive effects of 1L.-10. The NCM stimulated
the production of TNF-a to a greater extent than LPS.

[0051] FIG. 23 is a chart illustrating the prostate-specific
membrane antigen (PSMA) peptide-specific DTH response
of mice immunized with various conjugates and adjuvants,
including the NCM of the invention (IRX), wherein the
response is indicated as swelling in mm for individual mice
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(dots) and for the average (bar), the adjuvant is listed on the
x-axis, naive indicates mice not immunized, and all other
mice are immunized with Ovalbumin-PSMA peptide con-
jugates except where indicated (KLH).

[0052] FIG. 24A depicts the enhanced peptide-specific
DTH immune response in mice immunized with the NCM of
the invention (IRX-2) in combination with either an OVA-
PSMA or a KLH-PSMA conjugate and then challenged with
the PSMA peptides (used for generating the conjugate) in a
DTH assay. The increase in swelling for individual mice is
represented by the data points, with the average increase in
swelling being represented by the shaded boxes. FIG. 24B
depicts the DTH response to challenge with only the carrier
used in the conjugate immunization.

[0053] FIG. 25 depicts the influence of cyclophosphamide
treatment on the peptide-specific DTH response in mice
immunized with the OVA-PSMA conjugate and NCM.
Cyclophosphamide treatment had no effect on the DTH
response.

[0054] FIG. 26 depicts a comparison of the effects of
various adjuvants, including the NCM of the invention
(IRX), on the peptide-specific DTH response in mice immu-
nized with a PSMA conjugate in combination with the
respective adjuvants. The adjuvant effect of NCM was
greater than the other adjuvants tested. Naive mice, i.e.,
non-immunized mice, represent a negative control.

[0055] FIG. 27A depicts the peptide-specific DTH
response of old versus young mice immunized with an
OVA-PSMA conjugate in combination with either NCM
(IRX) or alum as adjuvant. The NCM of the invention
stimulated a greater peptide-specific DTH response in both
old and young mice as compared to alum. FIG. 27B depicts
the carrier-specific DTH response of old versus young mice
immunized with a PSMA conjugate in combination with
either NCM (IRX) or alum as adjuvant. The NCM of the
invention restored the carrier-specific DTH response in the
old mice to that observed in the young mice.

[0056] FIG. 28 depicts the enhanced T cell response in the
form of IFN-y secreted by spleen cells from mice immunized
with a KLH-PSMA conjugate and the NCM of the invention
(IRX-2). The results are expressed for individual mice (data
point markers) as well as the average response (shaded bars).
All increases in IFN-y secreted were statistically significant
compared to naive controls.

[0057] FIG. 29A-C depicts serum antibody responses
observed in mice immunized with the PSMA conjugates in
combination with the NCM of the invention compared to
other adjuvants, i.e., alum and CpG. FIG. 29A depicts the
serum antibody response to the OVA carrier in mice immu-
nized with the OVA-PSMA conjugate and NCM (IRX),
alum or CpG. Data are presented as mean and standard error
of the mean for 5-10 mice per group. FIG. 29B depicts the
serum antibody response to the PSMA peptides in mice
immunized with the OVA-PSMA conjugate and NCM
(IRX), alum or CpG. FIG. 29C depicts the serum antibody
response to the PSMA peptides in mice immunized with the
KLH-PSMA conjugate in combination with NCM (IRX),
alum or PBS. The results were determined by ELISA assay
and are presented as optical density.
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[0058] FIG. 30 depicts the stabilization of PSA levels over
a 6 month period in three prostate cancer patients treated
with the NCM of the invention in combination with PSMA
peptide antigens.

DETAILED DESCRIPTION OF THE
INVENTION

[0059] The present invention relates to compositions and
methods of immunotherapy to treat cancer or other antigen-
producing persistent lesions or disease states. More specifi-
cally, the invention relates to compositions and methods for
eliciting an immune response to an antigen associated with
a cancer or other antigen-producing disease or lesion,
wherein a cytokine mixture comprising 1L-1, IL.-2, 1L-6,
IL-8, IFN-y, and TNF-a is administered to a patient in an
amount effective to stimulate an immune response to the
antigen in the patient. According to the present invention,
the antigen can be an endogenous and/or exogenous antigen
and the cytokine mixture acts as an adjuvant with the antigen
to stimulate an immune response to the antigen in a patient.

[0060] As used herein, the term “adjuvant” denotes a
composition with the ability to enhance the immune
response to a particular antigen. Such ability is manifested
by a significant increase in immune-mediated protection. To
be effective, an adjuvant must be delivered at or near the site
of antigen. Enhancement of immunity is typically mani-
fested by either a significant increase (usually greater than
10 fold) in the titer of antibody raised to the antigen and/or
enhancement of cellular immunity, which can be measured
by a positive skin test, cytotoxic T cell assay, ELISPOT
assay for IFN-y or IL-2, or T cell infiltration into the tumor.
The cytokine compositions of the present invention are
particularly suited to enhance T cell-mediated immune
responses. The adjuvant effects of the cytokine compositions
of the invention include the generation of naive T cells, the
promotion of dendritic cell differentiation and maturation,
the stimulation of monocytes and macrophages, and in the
case of cancer patients, increased lymphocyte infiltration
into tumors, tumor fragmentation, tumor regression, and
reduction of sinus histiocytosis in the lymph nodes.

[0061] As used herein, the term “tumor associated anti-
gen” denotes a protein or peptide or other molecule capable
of inducing an immune response to a tumor. This can
include, but is not limited to, PSMA peptides, MAGE
peptides (Sahin, 1997; Wang, 1999), Papilloma virus pep-
tides (E6 and E7), MAGE fragments, NY ESO-1 or other
similar antigens. Previously, these antigens were not con-
sidered to be effective in treating patients based either on
their size, i.e., they were considered too small, or they were
previously thought to lack immunogenic properties (i.e.,
they were considered to be self antigens).

[0062] As used herein, “NCM” denotes a natural cytokine
mixture as defined and set forth in U.S. Pat. Nos. 5,632,983
and 5,698,194. Briefly, NCM is prepared in the continuous
presence of a 4-aminoquinolone antibiotic and with the
continuous or pulsed presence of a mitogen, which in the
preferred embodiment is PHA. In addition to naturally-
occurring cytokines, the NCM can include recombinant
and/or pegylated cytokines, the production of which is well
known in the art (see, e.g., U.S. Pat. Nos. 4,738,927,
4,992,367, U.S. Patent Application Publication No. US
2004/0136952 Al and Mehvar, 2000).
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[0063] As used herein, the term “endogenous antigen”
denotes an antigen that is produced and situated in vivo, i.e.,
within an organism such as a patient, such that, after the
administration of the cytokine composition of the invention
in vivo, the cytokines act as an adjuvant with the antigen
within the patient to stimulate an immune response to the
antigen.

[0064] As used herein, the term “exogenous antigen”
denotes an antigen that is produced, i.e., isolated or gener-
ated, in vitro, i.e., outside of an organism to be treated, and
is administered to the organism (i.e., a patient) in vivo, such
that, after the administration of the cytokine composition of
the invention in vivo, the cytokines act as an adjuvant with
the antigen within the patient to stimulate an immune
response to the antigen. The exogenous antigen can be a
chemically synthesized or genetically engineered compound
or molecule or can be an endogenous antigen that has been
extracted from its in vivo environment and isolated in vitro.
The extracted antigen can be processed or otherwise modi-
fied for re-introduction in vivo. The exogenous antigen can
be administered either in a separate pharmacological prepa-
ration from the cytokine composition of the invention or in
the same preparation.

[0065] As defined above, the cytokine mixture of the
invention acts as an adjuvant, i.e., stimulates or enhances the
immune response of a patient to a particular antigen. More-
over, the cytokine compositions and methods of the inven-
tion are particularly suited to stimulate T cell-mediated
immune responses. Immune responses promoted by the
compositions and methods of the invention include the
induction or generation of naive T cells, the differentiation
and maturation of dendritic cells, allowing for proper pre-
sentation of antigen to T cells (e.g., in the lymph nodes), and
the activation of monocytes and macrophages. Specifically,
in cancer patients, immune responses promoted by the
compositions and methods of the invention include tumor
infiltration by lymphocytes, tumor fragmentation and regres-
sion as well as a reduction in sinus histiocytosis (when
present).

[0066] More specifically, the compositions and methods of
the present invention aid in overcoming immune depression/
suppression in patients by inducing the production of naive
T cells. The term “naive ” T cells, as defined herein, denotes
newly produced T cells, which T cells have not yet been
exposed to antigen. Such T cells are non-specific, yet are
capable of becoming specific upon presentation of antigen
by a mature dendritic cell having antigen, such as tumor
peptides, exposed thereon. Thus, the compositions and
methods of the invention replenish or generate new T cells
(see Examples 2 and 8 below).

[0067] In addition, particularly in cancer patients having
tumors, the present compositions and methods allow for
lymphocyte infiltration into the tumors with significant
tumor fragmentation and regression. See, e.g., Examples 2-7
below. Such infiltration is important in order to maximize
clinical response and for the greatest increase in survival
rate. For example, lymphocyte:granulocyte or macrophage
infiltration of a 90:10 ratio is optimal and T and/or B cell
infiltration is preferably diffuse and intense and not periph-
eral. Tumor reduction and fragmentation in histological
samples reflects a good immune response and is indicative
of an adjuvant effect by the compositions of the invention.
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[0068] Moreover, specific lymph node changes also indi-
cate an effective immune response, such as lymph node
enlargement, i.e., not just reversal of tumor-induced reduc-
tion of size but overall increase in size compared to the
normal node size, as well as increased T and B cell areas. In
addition, the lymph nodes of cancer patients often contain an
intrasinusoidal accumulation of large histiocytes, also
termed sinus histiocytosis (SH). SH is believed to be the
accumulation of immature dendritic cells, which have
ingested and processed tumor antigens but are unable to
mature and present these tumor peptides to naive T cells.
Without the proper presentation of antigen to T cells, these
T cells are incapable of stimulating Th1 and Th2 effector
cells, which stimulation normally leads to cell-mediated and
antibody-mediated immunity, respectively, in the body. As
indicated in Examples 2-7 below, the cytokine compositions
and methods of this invention reduced SH in the lymph
nodes of cancer patients and produced the various lymph
changes described above, again indicating an adjuvant effect
by the compositions of the invention.

[0069] Because dendritic cells are known to play such a
key role in antigen presentation in the production of an
appropriate immune response in vivo, an agent having a
stimulatory effect on dendritic cell maturation will act as an
adjuvant in eliciting a good immune response to an antigen.
As demonstrated in Example 9 below, the cytokine compo-
sitions of the present invention promote dendritic cell matu-
ration. Furthermore, the data of Example 2 demonstrate that
the cytokine compositions of the invention also unblock the
dendritic cell defect that leads to SH, i.e., by promoting DC
maturation, and thus specifically, in cancer patients, the
compositions of the invention provide multiple adjuvant
effects, i.e., in unblocking DCs in SH in the lymph nodes and
in promoting DC maturation generally.

[0070] The cytokine compositions of the invention also
provide a further adjuvant effect by acting as potent activa-
tors of monocytes/macrophages. Monocytes are precursors
to both DCs and macrophages in the body and thus an agent
that promotes monocyte/macrophage activation has an adju-
vant effect on immune responses in vivo. See Example 10
below.

[0071] In view of the above, the compositions and meth-
ods of the present invention stimulate the immune system
via multiple effects, including the in vivo maturation of
dendritic cells resulting in effective peptide antigen presen-
tation as well as activation of monocytes and macrophages
and the production of naive uncommitted T cells. The proper
presentation of antigen leads to T and B cell clonal expan-
sion, creating immunity in the patient. In the case of cancer
patients, the effects noted above result in the infiltration, e.g.,
of lymphocytes, into tumors (e.g., via hematogenous spread)
and tumor reduction and/or destruction. The result, as indi-
cated by the data below, is increased survival due to immu-
nologic memory (see, e.g., Example 3 below).

[0072] More specifically then, the present invention pro-
vides compositions comprising a cytokine mixture compris-
ing the cytokines IL.-1, IL-2, IL-6, IL.-8, IFN-y, and TNF-c..
According to a preferred embodiment, the cytokine mixture
contains a concentration of I[.-1 that ranges from 60-6,000
pcg/ml, more preferably, from 150-1,200 pcg/ml; a concen-
tration of IL-2 that ranges from 600-60,000 pcg/ml, more
preferably, from 1,000-12,000 pcg/ml; and more preferably,
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from 4,000-8,000 pcg/ml; a concentration of IL-6 that
ranges from 60-6,000 pcg/ml, more preferably, from 300-
2,000 pcg/ml; a concentration of IL-8 that ranges from
6,000-600,000 pcg/ml, more preferably, from 20,000-180,
000 pcg/ml; and concentrations of IFN-y and TNF-q,
respectively, that range from 200-20,000 pcg/ml, more pref-
erably, from 1,000-4,000 pcg/ml.

[0073] According to another embodiment of the invention,
the cytokine mixture further includes the cytokines 1L-12,
GM-CSF, and/or G-CSF. According to yet another embodi-
ment, the cytokines of the cytokine mixture can be natural,
recombinant, pegylated or mixtures of natural, recombinant
or pegylated cytokines. Cytokines may be pegylated in order
to increase the half-life of the cytokine in vivo and/or to
reduce the immunogenicity or toxicity of the cytokine
protein in vivo (see, e.g., United States Patent Application
Publication US 2004/0136952 A1). Methods for pegylating
proteins, including cytokines, are well known in the art (see,
e.g., Mehvar, 2000) and a number of pegylated cytokines
have been approved by the FDA for use in treating patients
(e.g., IFN-a. and G-CSF).

[0074] Also encompassed by the present invention are
derivatives, fragments and peptides related to the cytokines
disclosed herein, wherein such derivatives, fragments and
peptides retain the biological activity of their respective
cytokines. According to a preferred embodiment, the cytok-
ine mixture is the natural cytokine mixture, NCM, as dis-
closed in U.S. Pat. Nos. 5,632,983 and 5,698,194.

[0075] The cytokine mixture of the invention acts as an
adjuvant with a disease-or lesion-associated antigen to
stimulate an immune response to the antigen in a patient.
Moreover, the antigen can be either an endogenous antigen
or peptide (e.g., in the case of cancer, the antigen or peptide
may be present in regional lymph nodes or at the tumor site)
or an exogenous antigen or peptide preparation, i.e., isolated
or generated in vitro and then administered to the patient in
combination with the cytokine mixture of the invention at a
site in vivo (e.g., in the case of cancer, in or near a lymph
node regional to a tumor).

[0076] According to the embodiment of the invention
wherein the antigen is endogenous, the compositions and
methods of the invention comprise the cytokine mixture of
the invention without the addition of any external antigen.
According to the embodiment of the invention wherein the
antigen is exogenous, the compositions and methods of the
invention comprise the cytokine mixture of the invention in
combination with an exogenous antigen. According to the
latter embodiment, the cytokine mixture and exogenous
antigen can be administered at the same time, either in a
single pharmacological preparation or in separate prepara-
tions, or they can be administered in separate preparations at
different times.

[0077] According to a preferred embodiment, the endog-
enous or exogenous antigen is a tumor antigen and the tumor
antigen may be a full-length antigen or immunogenic pep-
tides or fragments of the tumor antigen. Moreover, because
the present invention is directed towards affecting antigen
processing generally, it is therefore useful to stimulate an
immune response to any antigen. Moreover, the present
invention is applicable to all forms of antigens and haptens
including peptides, lipids and/or carbohydrates.

[0078] The present invention also provides methods of
eliciting an immune response to at least one endogenous or
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exogenous antigen in a patient having an antigen-producing
disease or lesion. More specifically, the methods of the
invention comprise the step of administering an effective
amount of a cytokine mixture comprising I1.-1, IL-2, IL-6,
1L-8, IFN-y, and TNF-c, wherein the cytokine mixture acts
as an adjuvant with the antigen and stimulates an immune
response to the antigen in the patient. According to one
embodiment, the antigen-producing disease from which the
patient is suffering is cancer. Such cancers can include H&N
SCC, prostate cancer, melanoma, breast cancer, lymphoma,
cervical cancer or hepatoma.

[0079] Alternatively, the antigen-producing disease can
include any infectious disease that produces an antigen in
vivo, e.g., hepatitis, tuberculosis or HIV. Thus, the present
invention can extend to areas of applicability such as the use
of the cytokine compositions and methods of the invention
in combination with AIDS virus vaccine therapy in HIV+
patients or other situations where adjuvant therapy is appro-
priate, i.e., to boost the immune system such as renal
transplants, in aged individuals, and the like.

[0080] In addition, the compositions and methods of the
invention can be used to treat non-cancerous persistent
lesions such as infectious lesions that produce an antigen in
vivo, e.g., cutaneous or systemic candidiasis, papilloma
virus-associated venereal warts or cervical dysplasia.

[0081] According to one embodiment of the method ofthe
invention, at least one exogenous antigen is administered to
the patient in combination with the cytokine mixture,
wherein the cytokine mixture acts with the exogenous
antigen to stimulate an immune response in the patient.
According to this embodiment, the method of the invention
comprises administering an effective amount of the cytokine
mixture comprising IL-1, 1L-2, 1L-6, IL-8, IFN-y, and
TNF-a in combination with an effective amount of at least
one exogenous antigen. According to a preferred embodi-
ment, the antigen is a tumor antigen. The exogenous antigen
can be administered in the same pharmacological prepara-
tion as the cytokine mixture and therefore simultaneously
with the cytokine mixture or the antigen can be administered
in a separate pharmacological preparation, either at the same
time as the cytokine mixture is administered or at a time
prior to or after administration of the cytokine mixture. As
demonstrated by the data of Example 11 below, the NCM
composition of the invention is effective in combination
with exogenous prostate-specific membrane antigens
(PSMA) in promoting immune responses in both mice and
humans.

[0082] An alternative embodiment of the method of the
invention encompasses administrating the cytokine compo-
sition of the invention to a patient, wherein the antigen to
which the cytokines act as adjuvants is one or more endog-
enous antigens, i.e., already located in vivo; therefore it is
not necessary to administer any external antigen to the
patient. According to this embodiment then, there is no need
for the administration of an exogenous antigen preparation
but only the cytokine composition of the invention is admin-
istered to the patient.

[0083] The present invention also encompasses the use of
both an endogenous antigen and an exogenous antigen, i.e.,
wherein the cytokine composition of the invention is admin-
istered in combination with an exogenous antigen to a
patient having an endogenous antigen in vivo and wherein
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the cytokines act as an adjuvant with both antigens to
stimulate immune responses in the patient.

[0084] The methods of the invention also include methods
of immunotherapy to treat cancer, such as H&N SCC,
prostate cancer, melanoma, breast cancer, lymphoma, cer-
vical cancer and hepatoma, wherein the cytokine mixture of
the invention is administered to a patient to stimulate an
immune response. As noted, the cytokine mixture acts as an
adjuvant with tumor antigens (either endogenous and/or
exogenous) to stimulate an immune response to the antigen
in the patient.

[0085] For any of the above embodiments, the following
administration details and/or protocols for treatment are
used:

[0086] Preferably, the cytokine composition of the present
invention is injected around lymphatics that drain into
lymph nodes regional to a lesion, such as a tumor or other
persistent lesions being treated. More specifically, local
perilymphatic injections or other injections that are known
to those of skill in the art are administered to provide
sufficient localization of the immunotherapy preparation. In
the case of head and neck cancer, the injections are given in
the neck, but can be applied in other locations as required by
the disease to be treated. Such treatment induced clinical
regressions in a high percentage of head and neck cancer
patients, who also showed improved, recurrence-free sur-
vival (Hadden, 1994; Meneses, 1998; Barrera, 2000; Whi-
teside, 1993). In contrast, intratumoral injection of recom-
binant interleukin-2 in head and neck cancer patients
(Whiteside, et al (Cancer Res. 53:5654-5662, 1993)) pro-
duced a T cell lymphocyte infiltrate, but no significant
clinical responses. Similarly, peritumoral injection of Mul-
tikine (Celsci Website) in combination with perilymphatic
injection resulted in significant tumor responses (i.c., greater
than 50% tumor reduction) in only 11 patients, making their
response rate less than 10%. Furthermore, peritumoral and
intratumoral injection can be associated with progression of
disease, even in patients who initially have had a positive
response to the cytokine protocol, thus undoing its benefit.
Peritumoral or intratumoral injection is thus contraindicated.

[0087] A ten (10) day injection scheme for administration
of the compositions of the invention is preferred, but a
twenty (20) day injection protocol can be used. Bilateral
injections are effective. Where radical neck dissection has
occurred, contralateral injection is effective.

[0088] In the embodiment wherein an exogenous antigen
is to be utilized, exogenously provided synthetic or extracted
antigens such as tumor antigen and peptides (see Bellone,
1998) can be administered into the pre-primed or co-primed
regional or distal lymph node, either in a separate prepara-
tion or as part of the cytokine composition of the invention.

[0089] According to one embodiment of the invention,
endogenous suppression of T cells, which can be caused by,
e.g., cancer or other immunosuppressive diseases, may be
blocked by the co-administration of low dose cyclophos-
phamide (CY) and a non-steroidal anti-inflammatory drug
(NSAID) (i.e., in combination with the cytokine composi-
tions of the invention). The NSAID is preferably indometha-
cin (INDO) but ibuprofen or CoxIl inhibitors such as
celecoxib (Celebrex®) or rofecoxib (Vioxx®) or combina-
tions thereof can also be used. Side effects of NSAIDS can
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be aggressively treated with proton inhibitors and prostag-
landin E analogs. Zinc and multi-vitamins, possibly includ-
ing the addition of selenium, can also be added as agents to
help restore T cell immunity. Preferably, the dose of zinc is
15 to 75 mg. A standard multivitamin can be administered.
The zinc can be an available gluconate.

[0090] The cytokine compositions of the invention can be
administered prior to or after surgery, radiotherapy, chemo-
therapy, or combinations thereof. The compositions of the
invention can be administered during the recurrence of
tumors, i.e., during a period where tumor growth is occur-
ring again after a period where tumors were thought to have
disappeared or were in remission.

[0091] The cytokine compositions of the present invention
are administered and dosed to promote optimal immuniza-
tion either to exogenous or endogenous antigen, taking into
account the clinical condition of the individual patient, the
site and method of administration, scheduling of adminis-
tration, patient age, sex, and body weight. The pharmaceu-
tically “effective amount” for purposes herein is thus deter-
mined by such considerations as are known in the art. The
amount must be effective to promote immunization, leading
to, e.g., tumor reduction, tumor fragmentation and leukocyte
infiltration, delayed recurrence or improved survival rate, or
improvement or elimination of symptoms, including
increased T cell counts.

[0092] In the methods of the present invention, the com-
positions of the present invention can be administered in
various ways. It should be noted that the cytokines or
exogenous antigens used in the compositions of the inven-
tion can be administered in their standard forms or as
pharmaceutically acceptable derivatives and can be admin-
istered alone or as active ingredients in combination with
pharmaceutically acceptable carriers, diluents, adjuvants
and vehicles. Furthermore, the compositions of the invention
can be administered intra- or subcutaneously, or peri- or
intralymphatically, intranodally or intrasplenically or intra-
muscularly, intraperitoneally, and intrathorasically. The
patient being treated is a warm-blooded animal and, in
particular, mammals including man. The pharmaceutically
acceptable carriers, diluents, adjuvants and vehicles as well
as implant carriers generally refer to inert, non-toxic solid or
liquid fillers, diluents or encapsulating material not reacting
with the active ingredients of the invention.

[0093] The doses can be single doses or multiple doses
over a period of several days. When administering the
compositions of the present invention, they are generally
formulated in a unit dosage injectable form (e.g., solution,
suspension, or emulsion). The pharmaceutical formulations
suitable for injection include sterile aqueous solutions or
dispersions and sterile powders for reconstitution into sterile
injectable solutions or dispersions. The carrier can be a
solvent or dispersing medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene
glycol, liquid polyethylene glycol, and the like), suitable
mixtures thereof, or vegetable oils.

[0094] Proper fluidity can be maintained, for example, by
the use of a coating such as lecithin, by the maintenance of
the required particle size in the case of dispersion and by the
use of surfactants. Nonaqueous vehicles such a cottonseed
oil, sesame oil, olive oil, soybean oil, corn oil, sunflower oil,
or peanut oil and esters, such as isopropyl myristate, can also
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be used as solvent systems for the compositions of the
invention. Additionally, various additives which enhance the
stability, sterility, and isotonicity of the compositions,
including antimicrobial preservatives, antioxidants, chelat-
ing agents, and buffers, can be added. Prevention of the
action of microorganisms can be ensured by various anti-
bacterial and antifungal agents, for example, parabens, chlo-
robutanol, phenol, sorbic acid, and the like. In many cases,
it is desirable to include isotonic agents, for example, sugars,
sodium chloride, and the like. Prolonged absorption of the
injectable pharmaceutical form can be brought about by the
use of agents delaying absorption, for example, aluminum
monostearate and gelatin. According to the present inven-
tion, however, any vehicle, diluent or additive used would
have to be compatible with the cytokines or exogenous
antigens of the invention.

[0095] Sterile injectable solutions can be prepared by
incorporating the cytokines or exogenous antigens utilized
in practicing the present invention in the required amount of
the appropriate solvent with several of the other ingredients,
as desired.

[0096] A pharmacological formulation of the present
invention can be administered to the patient in an injectable
formulation containing any compatible carrier, such as vari-
ous vehicles, additives, and diluents; or the cytokines and/or
exogenous antigens utilized in the present invention can be
administered parenterally to the patient in the form of
slow-release subcutaneous implants or targeted delivery
systems such as monoclonal antibodies, vectored delivery,
iontophoretic, polymer matrices, liposomes, and micro-
spheres. Examples of delivery systems useful in the present
invention include those disclosed in U.S. Pat. Nos. 5,225,
182; 5,169,383; 5,167,616; 4,959,217, 4,925,678; 4,487,
603; 4,486,194; 4,447.233; 4,447,224, 4,439,196, and
4,475,196. Many other such implants, delivery systems, and
modules are well known to those skilled in the art.

[0097] 1t should be apparent that the compositions and
methods of the invention are useful for the treatment of
antigen-producing diseases such as cancer, infectious dis-
eases or persistent lesions, as discussed above. The compo-
sitions and methods promote immunization against the anti-
gens produced by these diseases by stimulating immune
responses in patients in vivo, which immune responses help
to alleviate or eliminate the symptoms and effects of the
disease in the patient.

[0098] The above discussion provides a factual basis for
the use of the present invention. The compositions and
methods of the invention for use in the utilities disclosed
herein can be shown by the following non-limiting examples
and accompanying figures.

[0099] The examples set forth below describe the prepa-
ration of NCM, a cytokine mixture in accordance with this
invention, data from clinical trials demonstrating the use of
NCM as an adjuvant with endogenous tumor antigens to
stimulate immune responses in cancer patients as well as
experiments in mice and humans demonstrating the use of
the cytokine mixture of the invention with exogenous anti-
gens to stimulate immune responses in vivo.

[0100] More specifically, Example 1 below describes the
production of NCM, a cytokine composition in accordance
with the present invention. The production of NCM is fully
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disclosed in U.S. Pat. Nos. 5,632,983 and 5,698,194, which
are incorporated herein by reference.

[0101] Example 2 below discloses clinical trial data
wherein H&N SCC patients treated with NCM (in combi-
nation with low dose cyclophosphamide (CY), indometha-
cin (INDO) and zinc) displayed significant clinical and
pathological responses including nodal changes indicating
immunization (e.g., increases in node size and decreases in
sinus histiocytosis), tumor infiltration with lymphocytes,
and tumor reduction and fragmentation. Examples 4-7 relate
to additional cancer patients, i.e., with lymphoma, cervical
cancer, liver cancer, and squamous cell carcinoma of the
penis (human papilloma-virus associated), all of whom were
treated with the NCM of the invention and who showed
significant clinical responses to the treatment. Example 3
provides data regarding the increased survival (up to 2
years) of the cancer patients of these studies.

[0102] As demonstrated in Example 2, treatment with
NCM also produced marked increases in T lymphocyte
counts in T lymphocytopenic patients and a corresponding
increase in naive T cells (newly-produced T cells unexposed
to antigen). Furthermore, as indicated by the data of
Example 8 below, the increases in T cells observed in these
studies was specifically due to treatment with the cytokine
composition of the invention. More specifically, Example 8
provides data of the treatment of lymphocytopenic H&N
SCC cancer patients with only NCM (without the accom-
panying administration of CY and/or INDO), wherein sig-
nificant increases in overall lymphocyte counts as well as
specific CD3+and CD4+4T cell subset populations were
obtained.

[0103] Similarly, the data of Example 9 demonstrate that
NCM promotes the differentiation and maturation of den-
dritic cells as measured by morphologic, phenotypic and
functional criteria. As noted above, dendritic cells (DCs) are
known to play a critical role in the immunization of patients
to antigens, i.e., by presenting antigen to the appropriate T
cell. More specifically, Example 9 demonstrates that NCM
promotes morphologic changes in DCs indicative of matu-
ration. NCM also was shown to down-regulate CD1a anti-
gen expression on the DC cell surface, to upregulate CDS83
and MHC II antigen expression on the DC cell surface, and
to increase the expression of T cell co-stimulatory and
adhesion molecules, e.g., CD86, CD40, and CD54 (ICAM-
1), on the DC cell surface. In addition, NCM was shown to
down-regulate the endocytic activity of DCs (which is
consistent with maturation of the DCs), to enhance the T cell
stimulatory activity of DCs (as demonstrated by increased
MLR activity) and to increase the production of IL.-12 from
DCs, IL-12 itself being an essential factor in the differen-
tiation of naive CD4+helper T cells (into Thl cells) and the
activation and proliferation of cellular and phagocytic com-
ponents of the immune system. Finally, NCM was shown to
reduce VEGF-induced apoptosis of DCs. This anti-apoptotic
effect of NCM may play a crucial role in maintaining the
survival of mature DCs within a tumor setting, allowing for
prolonged antigen presentation and activation of tumor
antigen-specific cytotoxic T lymphocytes.

[0104] The data of Example 10 below demonstrate further
that NCM is a potent activator of monocytes and macroph-
ages. For example, NCM significantly increases activation
markers of monocytes/macrophages, i.e., HLA-DR, CD86,
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CD40 and CD80. In addition, the NCM was shown to be a
stronger activator of monocytes/macrophages than TNF-a
or LPS and the NCM was able to continue activating the
cells even in the presence of the immunosuppressing cytok-
ine IL-10.

[0105] Example 11 below demonstrates the ability of
NCM to elicit immune responses, i.e., in the form of DTH
responses as well as antibody responses, in mice following
administration of the cytokine composition in combination
with exogenous prostate-specific membrane (PSMA) pep-
tide antigen conjugates. The NCM was also effective in
stimulating DTH responses to unconjugated PSMA peptides
in humans with advanced prostate cancer.

EXAMPLES

[0106] All steps relating to cell culture are performed
under sterile conditions. General methods of cellular immu-
nology not described herein are performed as described in
general references for cellular immunology techniques such
as Mishell and Shiigi (Selected Methods in Cellular Immu-
nology, 1981) and are well known to those of skill in the art.

Example 1
Preparation of Natural Cytokine Mixture (NCM)

[0107] NCM (also referred to herein as IRX-2) is a defined
mixture of cytokines produced under GMP conditions over
a 24 hour period following stimulation of human peripheral
blood mononuclear cells (PBMCs) by phytohemagglutinin
(PHA) and ciprofloxacin. The source of the PBMCs is
screened and tested buffy coats purchased from FDA
licensed blood banks. After PHA stimulation, the mitogen is
removed through centrifugation and washing. All cellular
elements are removed by centrifugation, and DNA is
removed by anion exchange chromatography. The cell-free
supernatant is filter sterilized and nanofiltered to permit viral
removal and is designated IRX-2. Stringent QC testing that
includes both bioassay and ELISA determination of cytokine
levels assures the consistency of the IRX-2. Safety testing
with respect to sterility, DNA, mycoplasma, endotoxin and
virus testing for CMV and EBV are also part of the GMP
process. IRX-2 has been given safely to over 150 patients in
various clinical trials and is currently in Phase I/II testing
under an FDA approved IND.

[0108] More specifically, the NCM can be prepared as
follows:

[0109] The buffy coat white cells of human blood from
multiple HIV-negative hepatitis virus-negative donors are
collected. In an alternative embodiment, animals could be
the cell source for veterinary uses. The cells from the donors
are pooled and layered on ficoll hypaque gradients (Phar-
macia) to yield lymphocytes free of neutrophils and eryth-
rocytes. Alternative methods could be used that would result
in the same starting lymphocyte population as are known in
the art.

[0110] The lymphocytes are washed and distributed in
X-VIVO 10 media (Whittaker Bioproducts) in surface-
activated cell culture flasks for selection of cell subsets. The
flasks (MICROCELLECTOR® T-25 Cell Culture Flasks)
contain immobilized stimulants, i.e., mitogens, such as
PHA. The immobilization process for the stimulants is as
described by the manufacturer for immobilizing various
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substances for panning procedures, i.e., separating cells, in
the flasks. Alternatively, the lymphocytes are exposed to
stimulants, e.g., PHA, for 2-4 hours and then washed three
times.

[0111] The cells are incubated for 24-48 hours in X
VIVO-10 media with 80 pg/ml ciprofloxacin (Miles Lab) at
37° C. in a C,/air incubator. Alternatively, RPMI 1640 media
could be used (Webb et al. 1973). HSA (human serum
albumin) may be added to stabilize further the interleukins
if HSA-free media is used for generations. Generally, HSA
is used at 0.1 to 0.5% (weight by volume). Following
incubation, the supernatants are poured off and collected.
The supernatants are stored at 40° C. to =700° C.

Example 2

[0112] TLocal perilymphatic injections in the neck with
NCM in addition to treatment with low dose CY (at 300
mg/m?), INDO (25 mg orally three times daily), and zinc (65
mg elemental zinc as the sulfate orally once a day) have
induced clinical regressions in a high percentage of patients
with squamous cell head and neck cancer (H&NSCC)
(Hadden, 1994; Meneses, 1998; Barrera, 2000; Hadden,
2003; Menesis, 2003) with evidence of improved, recur-
rence-free survival. Overall, including minor responses
(25%-50%), tumor shrinkage and reduction of tumor in
pathological specimens, over 90% responded and the major-
ity had greater than 50% tumor reduction.

[0113] These responses are speculated to be mediated by
immune regression since both B and T lymphocytes were
observed infiltrating the tumors. The therapy was not asso-
ciated with significant toxicity. Treatment of lymphocy-
topenic cancer patients with the combination of NCM has
resulted in marked lymphocyte mobilization; where ana-
lyzed, these patients showed increases in CD45RA positive
T cells (i.e., naive T cells (see Table I below)). Further,
intratumoral or peritumoral injection of NCM in patients
with H&NSCC resulted in either reversing immunotherapy-
induced tumor regression or in progression of the tumor. The
tumor is thus not the site of immunization. Rather, analysis
of regional lymph nodes revealed that the regional lymph
node is the site of immunization to postulated tumor anti-
gens (Meneses, 2003; see FIGS. 1-5). None of these patients
treated with NCM developed metastasis which would have
been expected in 15% of the patients clinically and up to
50% pathologically. These results indicate that systemic
immunity rather than merely local immunity had been
induced. Patients were pretested with a skin test to 0.1 ml of
NCM prior to treatment and more than 90% of those with a
positive skin test (>0.3mm at 24 hours) had robust clinical
and pathological responses. Patients with negative skin tests
had weak or no responses. Thus, skin testing selects good
responders.

[0114] Major increases were observed in T lymphocyte
counts (CD3) 752—1020 in these T lymphocytopenic
patients (T cell counts 752 vs. 1600 (normal)). importantly,
there was a corresponding increase in “naive” CD45RA
positive T cells (532—782). As previously mentioned, these
increases are generally not thought to occur in adults par-
ticularly with a pharmacological therapy like NCM. These
cells presumably are recent thymic émigrés and could be
considered a major new capacity for responding to new
antigens like tumor antigens. The preexisting CD45RA



US 2007/0025958 Al

positive cells were not responding to the tumor antigens and
may have been incapable of doing so due to tumor-induced
immune suppression

TABLE 1

Treatment of Lymphocytopenic Patients with H&NSCC with
NCM Increases in Naive T Cells in Blood (#/mm)

PATIENT _NAIVE T CELL MARKER PAN T CELL MARKER

# PRE POST INCREASE PRE POST INCREASE

1 479 778 +299 704 1171 +467

2 938 1309 +371 1364 1249 -115

3 98 139 +41 146 178 +32

4 341 438 +97 655 590 -65

5 567 652 +97 453 643 +190

6 658 1058 +400 1118 1714 +569

7 642 1101 +459 822 1601 +779
MEAN 532 782 +250 752 1020 +269

[0115] The literature (Hadden J W, Int’l J Immunophar-
macol 11/12:629-644, 1997; Hadden J W, Int’1 J Immunop-
harmacol 21:79-101, 1999) indicates that for both SCC and
adenocarcinomas, the two major types of cancer, regional
lymph nodes reflect abnormalities related to the tumor,
including sinus histiocytosis, lymphoid depletion and often
the presence of tumor-associated lymphocytes capable of
reacting to tumor cells (with IL-2). With metastasis, lym-
phoid depletion and depressed function occur. An unpub-
lished analysis of uninvolved cervical lymph nodes in 10
H&NSCC patients showed reduction in average lymph node
size and an increase in sinus histiocytosis associated with
H&NSCC (see controls of FIGS. 1-4A and B of the present
application).

[0116] Following treatment with one cycle of the NCM
protocol (Hadden, 1994; Meneses, 1998; Barrera, 2000), the
uninvolved cervical lymph nodes showed the changes indi-
cated in FIGS. 1-4. Compared to the regional lymph nodes
of patients with H&NSCC not treated with NCM, these
nodes showed a significant increase in size, T cell area and
density, and decreases in sinus histiocytosis and congestion.
The lymph nodes of treated patients were all stimulated and
were larger than control nodes with increased T cell area and
density. These nodes were thus not only restored to normal
but showed evidence of T cell predominance, a known
positive correlate with survival in H&NSCC (Hadden,
1997).

[0117] Importantly, when the lymph node changes related
to B and T cell areas were correlated with the changes in
their tumors reflecting T and B cell infiltration, a high degree
of correlation was obtained for T cells (p.<0.01) and B cells
(<0.01) and overall lymphoid presence (p.<0.001)(FIG. 5).
In turn, these changes correlated with tumor reduction by
pathological and clinical criteria. These findings indicate
that the tumor reactions are directly and positively correlated
with lymph node changes and that the tumor reaction reflects
the lymph node changes as the dependent variable. These
findings, taken in conjunction with knowledge about how
the immune system works in general (Roitt, 1989), and
following tumor transfection with a cytokine gene (Maass,
1995), indicate that the NCM protocol immunizes these
patients to endogenous tumor antigens at the level of the
lymph nodes. No one has previously presented evidence for
lymph node changes reflecting immunization with autolo-
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gous tumor antigens. This confirms that the present inven-
tion can induce immunization with previously ineffective or
poorly effective tumor antigens in an effect to yield regres-
sion of distant metastases.

Example 3

[0118] Further analysis of the clinical, pathological and
survival data of the aforementioned clinical trial study offer
more insights into the nature of the invention as it relates to
immunization of cancer patients to their own autologous
tumor antigens and the resulting immune regression of their
tumors. FIG. 6 shows that the treatment with the NCM
(IRX-2) protocol is associated with increased survival at 48
months (p<0.01). FIG. 7 shows that positive clinical
responses correlate with survival, i.e., patients with com-
plete responses (CR) or partial responses (PR) (>50% tumor
reduction) have a better survival than those with minor
responses (MR) (<50%, but >25% tumor reduction) or no
response (NR) (<25%) (p<0.01). FIG. 8 shows that patients
with stronger pathological responses (index of 6-9) have a
better survival than those with weaker pathological
responses (<6) (p<0.02). FIG. 9 shows that lymphoid infil-
tration into the tumor as a single variable predicts survival
(p<0.01). Chi Square analysis of the relationship of clinical
response to the pathological response shows a highly sig-
nificant relationship (p<0.01) indicating that the two corre-
late with each other as well as to survival, thus providing a
statistical triangulation of the data interrelating clinical
responses, immune regression parameters, and survival.
Such relationships have never been shown for immuno-
therapy of a human cancer.

[0119] Finally, FIG. 10 presents a dose response curve for
the NCM of the present invention, relating dose to overall
survival at twenty-four months. NCM treatment has an
optimal impact on survival at about 100-233 international
units of I[.-2 equivalence.

Example 4

[0120] Two patients with lymphoma of the head and neck
were treated according to the protocol as described above.
The following scheme was followed.

[0121] Before treatment, the patients were skin-tested with
NCM at 0.1 ml injected subcutaneously in the forearm, the
region was marked, and 24 hours later, the test was read. The
test was considered positive if the induction and erythema
was equal or larger than 3mm.

Case 1:

[0122] The patient was a 23-year-old male who presented
with a prior history of a three month presence of a tumor on
the left submaxillary region, with no other symptoms. In the
emergency room, he was found to have lymph adenopathy
of the left submaxillary triangle of approximately 6.5 cm in
diameter of a hard consistency, partially fixed at deep levels.
The rest of the physical exam was normal. The incisional
biopsy showed Hodgkin’s lymphoma. The lesion was staged
ECIIA. A one-cycle treatment of NCM was given, obtaining
a minor response, as the adenopathy reduced in size by 1 cm
in diameter. The biopsy report obtained after NCM treatment
showed 60% of the lesion showed normal lymphocytic
infiltration, and the rest of the neoplasia (40%) showed
necrosis. No viable tumor cells were found.
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[0123] Following this, the patient received radiation treat-
ment in the neck of 3600 rads. The patient was free of
disease at two years.

Case 2:

[0124] The patient is an 82-year-old male, who presented
with a two-month history of a painful mid-neck tumor mass,
as well as a 10 kg loss of weight. On physical exam, the
patient presented with tumor on the right palatine tonsil,
which was enlarged to approximately 4x3 cm, with an ulcer
in the center of the tonsil. On the neck, a right submaxillary
lymph node measured approximately 2x2 cm and a lymph
node mass at level II and III of approximately 5x5 cm. The
rest of the exam was normal. The incisional biopsy of the
tonsil and one of the neck lymph nodes demonstrated
defined non-Hodgkin’s lymphoma mixed, of intermediate
grade.

[0125] The patient was subjected to two cycles of NCM at
the end of which a 1 cm reduction in the diameter of the
tonsil and neck adenopathy was observed. The pathological
report post-NCM treatment showed 20% live tumor, 30%
tumor fragmentation and necrosis, and 50% normal lym-
phocyte infiltration.

[0126] The patient was given chemotherapy (CHOP) for 6
cycles and later external radiotherapy (RT) at a total dose of
4600 rads. He recurred at eight months post RT with
adenomegaly at the occipital level. The patient died three
months later with evidence of neck disease.

Example 5

[0127] Ten patients with untreated early stage cervical
cancer, clinically staged 1B1, IB2 and I1A, were treated with
local perilymphatic injections of NCM (10 daily injections)
followed by radical hysterectomy at day 21. One day before
starting the NCM treatment, patients received a single IV
dose of CY at 300 mg/m. Oral INDO or ibuprofen and zinc
sulfate were administered from days 1 to 21. The clinical and
pathological response, toxicity and disease-free survival
were evaluated.

[0128] All patients completed NCM treatment and were
evaluated for response and toxicity. Clinical response was
seen in 50% of patients (3 partial response (PR), 2 minor
response (MR) (>25%<50%reduction)). Seven patients
underwent surgery. Pathologically, tumor reduction associ-
ated with tumor fragmentation was found in five cases.
There was a heterogeneous pattern of cell types infiltrating
the tumor, which included lymphocytes, plasma cells, neu-
trophils, macrophages and eosinophils. Treatment was well-
tolerated except for mild pain and minor bleeding during
injection and gastric intolerance to INDO. At 24 months of
follow-up, nine patients were disease-free.

[0129] This study shows that NCM treatment induces
immune-mediated tumor response in early stage untreated
cervical carcinoma.

Example 6

[0130] Two patients with liver metastasis from primary
hepatocellular carcinoma were treated with intrasplenic
NCM (1 or 3 injections). The protocol was as previously
described for the H&NSCC, cervical, or lymphoma cases.
One patient with advanced hepatocellular carcinoma had a
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partial response confirmed by tomography. The other had a
partial response confirmed by surgery. Histological exam
showed tumor reduction, fragmentation, and lymphoid infil-
tration.

Example 7

[0131] Four patients with squamous cell carcinoma of the
penis (human papiloma virus associated) were treated with
the NCM protocol as described above; all four had partial
responses clinically and the surgical specimens showed
tumor reduction and fragmentation and lymphoid infiltration
characteristic of the H&N SCC cancer patients.

Example 8
Correction by NCM of T lymphocytopenia

[0132] The objective of the following experiment was to
assess the effect of a 10-daily injection treatment of NCM
containing the six cytokines of IL-1, IT.-2, ITL-6, IL.-8, IFN-y,
and TNF-a(115 units IL.-2 equivalence/day) on lymphocyte
counts (LC) of lymphocytopenic patients. These patients
had recovered from prior surgery and radiotherapy for head
and neck cancer, and had persistent lymphocytopenia with
mean counts of 441 cells/mm?®. Normal levels of LC are
2000 cells/mm?>. The patients were free of cancer at the time
of treatment. LC were obtained at day O and day 13. T
lymphocytes (CD3+) and T cell subsets (CD4+ or CD8+)
were assessed by cytofluorometry. Table II presents the data
for five responding patients. Significant increases were
observed for LC, CD3+, and CD4+ T cells.

TABLE 1II
Pt. Number TLC* CD3* CD4* CDg*
1 100 83 28 40
2 136 62 52 55
3 100 63 24 3
4 100 74 331 -20
5 100 166 173 -16
Mean = SEM 1077  90=19  122+59  12=15

*Changes in number of cells per mm?® from day 0 to day 13.

[0133] These changes compare favorably to those
achieved by much higher doses of pegylated interleukin 2
(3x10 units of recombinant I[.-2) in lymphocytopenic AIDS
patients (T. Merigan, personal communication) but with less
toxicity. They are less than those achieved with 8-day
infusions of >10x10° units/day of IL-2 in AIDS patients;
however, the latter required great expense, inconvenience,
and had significant toxicity (Kovaks, 1997). These results
with NCM were obtained in the absence of INDO and CY
and thus show that the effect of the regimen on L.C is that of
the NCM composition of the invention.

Example 9
NCM Stimulates Dendritic Cell Maturation and Activation:

[0134] In previous experiments, lymph nodes from five
NCM-treated H&NSCC patients and five untreated
H&NSCC control patients were isolated and cellular con-
stituents analyzed by flow cytometry using a panel of cell
surface markers for dendritic cells (i.e., CD83+, CD86+, and
CD68+). As noted above, sinus histiocytosis is a lymph node
pathology seen in some cancer patients that is characterized
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by the accumulation in the lymph nodes of large histiocytes
which represent immature dendritic cells. As demonstrated
in FIG. 11A, patients with SH (SH+) have an accumulation
of CD68+, CD83+, CD86- DCs in their lymph nodes, while
those without noticeable SH have few CD83+ cells. How-
ever, NCM treatment resulted in a five-times increase in the
number of CD86+ (concomitant with CD68+, CD83+) DCs
compared to non-treated cancer controls, indicating a con-
version to an “activated” DC phenotype. Controls are
untreated H&NSCC patients compared to NCM-treated can-
cer patients (see FIG. 11B).

[0135] Since sinus histiocytosis represents an accumula-
tion of partially matured DCs presumed to be bearing
endogenous tumor peptides, full maturation and activation
with expression of the co-stimulatory receptor CD86 reflects
use of the NCM of the present invention to correct this
defect on maturation and to allow effective antigen presen-
tation to T cells. The NCM of the present invention thus
reverses sinus histiocytosis and leads to effective immuni-
zation of naive T cells.

[0136] The data described above and subsequent data
contained in Meneses et al. (2003) showed that the treatment
of patients with H&NSCC using perilymphatic NCM, low
dose CY, and INDO reversed the sinus histiocytosis fre-
quently evident in the lymph nodes in this and other cancers.
However, it was not apparent from this data which of the
above agents, NCM, CY, and/or INDO, corrected this defect.

[0137] The following data present evidence that NCM
containing the six cytokines of IL-1, IT.-2, ITL-6, IL.-8, IFN-y,
and TNF-a induces DC maturation and activation in the
absence of CY and/or INDO. The NCM (IRX-2) used in
these experiments contains the six cytokines listed above or
as shown in Table III below. For the purposes of these
experiments, NCM (IRX-2) concentrations are expressed as
the concentration of TNF-a contained in IRX-2. The cytok-
ine concentration in IRX-2, including TNF-a, was measured
by ELISA and the recombinant TNF-a purity is >95%. For
all experiments, except titrations, NCM was used at a
concentration of 1 ng/ml.

TABLE III

Cvtokine levels in IRX-2 formulation Lot 041304 (ng/ml

IL-1f IL-2 IFN-y TNF-a IL-8 IL-6 IL-10 G-CSF GM-CSF

0.3 4.2 2.2 1.0 252 0.7 0.03 0.06 0.4

[0138] The medium used was RPMI 1640, supplemented
with 2 mM L-glutamine, 50 pg/ml streptomycin, 50 U/ml
penicillin and 10% FBS (all reagents purchased from Celi-
gro, Herndon, Va.). GM-CSF, TNF-a. and VEGF, 5 were
purchased from Peprotech (Rocky Hill, N.J.). X-VIVO 10
was purchased from BioWhittaker (Walkersville, Md.). LPS
was purchased from Sigma (St. Louis, Mo.). All reagents
were tested for endotoxin contamination with the sensitive
Limulus amebocyte lysate assay (LAL assay; BioWhittaker)
according to the manufacturer’s instructions and were found
to be negative. All solutions were found to contain less than
0.06 EU/ml, the lowest detection limit. Additionally, all
plastic ware was pyrogen-free.

[0139] PBMCs used in these experiments were obtained
from 30 ml of leukocyte enriched bufly coat of healthy
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donors by centrifugation with Ficoll-Hypaque centrifugation
(Celigro, Herndon, Va.), and the light density fraction from
the 42.5-50% interface was recovered. The cells were resus-
pended in culture medium and allowed to adhere to 6-well
plates (Costar, Cambridge, Ma.). After 2 hours at 37° C.,
nonadherent cells were removed by washing and adherent
cells (~90% CD14+ cells, i.e., monocytes) were cultured in
3 ml of medium supplemented with 50 ng/ml GM-CSF (500
U/ml) and 50 ng/ml 1L-4 (500 U/ml).

[0140] For surface marker analysis, the following fluoro-
chrome-conjugated mAbs (all from BD Pharmingen, San
Diego, Calif.) were used: CD86-PE, CD80-FITC, CD54-
APC, CD83-PE, HLA-DR-FITC, CD1a-APC, CD40-FITC
and appropriate isotype controls. Immunophenotypic analy-
sis was performed using FACS. Cells (0.25x10°%) were
washed in PBS supplemented with 2% FBS and 0.1% NaN,
(FACS wash buffer) and incubated for 30 min at room
temperature with APC-, PE-, or FITC-conjugated mAbs or
with the corresponding isotype-matched mAb. Excess mAb
was removed by washing in FACS wash buffer. Results were
expressed as either mean fluorescence intensity or percent-
age of cells expressing the specified antigen. Fluorescence
analysis was performed on a FACSCalibur flow cytometer
(BD Biosciences, Rockville, Md.) after acquisition of
10,000 events and analyzed with BD Biosciences CellQuest
software (Rockville, Md.).

[0141] As demonstrated in FIG. 12, the NCM composition
of the invention increased the number of DCs bearing the
CDS83 antigen, a key marker of DC maturation. More
specifically, adherent PBMCs were cultured for 7 days in the
presence of GM-CSF and IL-4 as described above and then
stimulated with increasing amounts of either recombinant
TNF-a (PeproTech) or NCM (IRX-2). After 48 hrs, the cells
were washed and analyzed for CD83 expression by flow
cytometry. FIG. 12 indicates that NCM is active at inducing
DC maturation, as evidenced by an increase in CD83+ cells.
Moreover, NCM was more active at inducing DC maturation
than an equivalent dose of TNF-a alone. The data in FIG. 12
are represented as the mean of 5 individual experiments
—-/+SEM (p<0.0001, by ANOVA).

[0142] These data indicate that NCM promotes the matu-
ration of DCs and does so in a way that cannot be accounted
for by any single cytokine contained in the NCM mixture
that is known to act on DC maturation. For example, normal
in vitro differentiation of PBMCs requires the presence of
100-500 U/ml GM-CSF (approximately 10-50 ng/ml) and
500-1000 U/ml IL-4 (50-100 ng/ml). This generates a popu-
lation of cells committed to the DC lineage but in a relatively
immature state (low/moderate CD86, CD40, HLA-DR
expression, null for CD83). Undiluted NCM has undetect-
able quantities of I[.-4 and contains 10 to 50-fold lower
concentrations of GM-CSF (approximately 1.1 ng/ml) than
is required for in vitro differentiation of DCs. Thus, the
individual IL-4 and GM-CSF cytokines in the NCM cannot
account for the CD83+ cells produced in the cultures of FIG.
12.

[0143] TNF-a can induce such cells but at concentrations
well above those contained in the NCM of the invention (see
FIG. 12). For example, after initial commitment to the
dendritic cell lineage (by several days of GM-CSF+IL-4 in
vitro), subsequent addition of a “danger signal” such as that
derived from a pathogen (e.g., LPS) induces a fully mature
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dendritic cell phenotype including high/strong expression of
CD86, CD40, HLA-DR, and the presence of CD83. TNF-a
in the range of 20-50 ng/ml can largely mimic such a
pathogen-derived danger signal resulting in upregulation of
the same markers. However, the undiluted NCM mixture has
only 2.8 ng/ml of TNF-a on average, far below the TNF-a
concentrations required for full DC maturation. Thus, the
results depicted in FIG. 12 clearly demonstrate that, at the
TNF-a equivalent concentrations used in this experiment,
the induction of the CD83 marker by NCM could not be due
solely to the presence of the TNF-a in the NCM mixture.

[0144] Since it is known that DCs undergo distinct mor-
phological changes as they progress from immature to
mature cells, immature DCs were treated with NCM to
determine if NCM treatment changed the morphology of the
cells. More specifically, adherent PBMCs were grown in the
presence of GM-CSF (500U/ml) and IL-4 (500 U/ml) for 4
days as described above (which treatment is known to yield
immature DCs) and then were either treated with NCM
(IRX-2) or left untreated as controls. After 3 days, the cells
were visualized by Wright staining and microscopy. As
shown in FIG. 13, the cells treated with NCM (FIG. 13B)
exhibited the characteristic cellular projections and motility
of mature DCs, and continually extended and retracted their
cellular processes and veils. These cells had large irregular
shaped nuclei, numerous vesicles, relatively few cytoplas-
mic granules, and noticeable and abundant cellular projec-
tions as compared to the untreated controls (FIG. 13A).
Thus, NCM treatment resulted in DCs that possessed typical
mature DC morphology.

[0145] In addition, it is known that the prototypical tran-
sition from immature to mature DCs results in well charac-
terized increases and decreases in certain cell surface anti-
gens. For example, immature DCs express high levels of
CD1a, and upon encounter with stimuli such as cytokines or
bacterial products, this marker is down-regulated. Thus, to
determine if NCM treatment resulted in the gain or loss of
cell surface markers associated with the activation and
maturation of DCs, GM-CSF and IL-4-treated adherent
PBMCs (monocytes) (as described above) were grown for 7
days and then incubated for 48 hrs with or without NCM
(IRX-2). Expression of CDla, HLA-DR, CD86, CD40 and
CD54 was examined by flow cytometry and expressed as
mean fluorescence intensity.

[0146] As demonstrated by the histograms of FIG. 14,
NCM (IRX-2) treatment of immature DCs (indicated by
solid lines in the histograms) resulted in the down-regulation
of CD1a expression (147 vs. 62) as well as the up-regulation
of MHCII expression (455 vs. 662). In addition, NCM
treatment led to an increase in cell size and a decrease in
granularity (data not shown). Untreated controls are indi-
cated by dashed lines in each histogram. The mean values
for untreated DCs are shown in the left upper corner of the
panels; the respective values for DCs treated with NCM are
shown in the upper right corner. Histograms shown are from
a representative experiment and the values represent mean
results from at least 10 individual experiments (*=p<0.05,
*¥=p<0.002, ***=p<0.00005, paired Students t-test). As
further indicated by FIG. 14, NCM (IRX-2) treatment
enhanced the expression of co-stimulatory surface mol-
ecules CD86 (also known as B7-2) (193 vs. 390), CD40 (46
vs. 75), and CD54 (also known as intercellular adhesion
molecule 1 or ICAM-1)(1840vs. 3779). All of these changes
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in surface marker expression indicate that the NCM of the
invention is a potent effector of DC activation.

[0147] Consistent with their role as antigen-presenting
cells, immature DCs have a high endocytic activity and
actively take up antigens. Upon maturation, this activity is
down-regulated, whereupon the DC is engaged in antigen
processing and presentation. Under physiological condi-
tions, the down-regulation of APC endocytosis is associated
with an increase in peptide/MHC complexes on the surface
leading to enhanced stimulation of T cells. To test the
influence of NCM (IRX-2) on endocytosis, DCs were incu-
bated with increasing amounts of NCM (IRX-2) and the
ability to internalize FITC-dextran was determined. More
specifically, adherent PBMCs (monocytes) were treated with
GM-CSF and 1L.-4 (as described above) for four days and
then stimulated with TNF-a (at 1 pg/ml) or with increasing
concentrations of NCM (IRX-2) up to the equivalent of 1
ng/ml TNF-a. After 18 hrs, the cells were incubated with
FITC-Dextran (Sigma, St. Louis, Mo.), which was added to
a final concentration of 1 mg/ml. The cells were cultured for
30 min at 37° C. After incubation, the cells were washed four
times with ice-cold PBS and analyzed by flow cytometry as
described above.

[0148] As shown in FIG. 15, immature DCs incubated
with NCM (IRX-2) (closed circles) down-regulated endocy-
tosis in a dose-dependent manner. TNF-a. treatment (open
circles) at the corresponding dose found in the NCM had
minimal effects. Treatment of immature DCs with higher
amounts of TNF-a (10-25 ng/ml) did result in the down-
regulation of endocytic activity as expected (data not
shown). The data of FIG. 15 are shown as the percentage of
mean fluorescence intensity of the stimulated versus the
unstimulated DCs and are the mean of 4 independent
experiments —-/+SEM (p<0.00001, by ANOVA). These
experiments indicate that the NCM of the invention down-
regulates the endocytic activity of DCs, an indication of DC
maturation.

[0149] Next, the ability of NCM to enhance the T cell
stimulatory capacity of DCs was evaluated. Activated,
mature DCs are potent stimulators of naive T cells. In order
to show that NCM (IRX-2) treatment was translated into
functional effects as well as the phenotypic and morphologic
changes noted above, the influence of NCM (IRX-2) on the
T cell stimulatory capacity of DCs was assessed in a mixed
lymphocyte reaction (MLR) proliferation assay.

[0150] More specifically, adherent PBMCs (monocytes)
were first treated with GM-CSF and IL.-4 (as described
above) for seven days and then stimulated with or without
NCM (IRX-2). After 48 hrs, the NCM (IRX-2)-treated or
untreated DCs were collected and assayed in an MLR as
follows: purified DCs were co-cultured with 1x10° T cells
from an unrelated donor at ratios of 1:5, 1:10, 1:30, and
1:100 DC: T cells. Allogeneic T-cells were prepared by
running PBMCs purified from buffy coats by Ficoll-Hy-
paque gradient centrifugation over a nylon wool column.
The assays were performed in triplicate in round-bottom
96-well plates. No NCM (IRX-2) was present during the
MLR assay. After 5 days of DC-T cell co-culture, the wells
were pulsed for 18 hours with BrDU. BrDU incorporation
was measured using a calorimetric BrDU incorporation
assay (Roche Diagnostics, Indianapolis, Ind.).

[0151] As shown in FIG. 16, DCs exposed to NCM
(IRX-2) (closed squares) two days before co-culture were
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more potent in inducing a T cell proliferation response than
untreated DCs (open circles), confirming that NCM-treated
DCs are functionally competent. The data in FIG. 16 are
expressed as stimulation index which is defined as ((0.d. DC
stimulated T cell-o0.d. DC alone)/o.d. resting T cell) -/+SEM
and are the mean result of 4 individual experiments (p<0.05,
by ANOVA).

[0152] TItis important to note that there was no NCM in the
co-cultures and the observed increase in T cell stimulation
was due to the stimulatory effects of NCM on DCs, rather
than a direct effect of the NCM on T cells. Thus, the NCM
of the invention enhances the T cell stimulatory activity of
DCs as shown by enhanced proliferation in allogenic MLR
reactions. Moreover, NCM was shown above to increase the
expression of ICAM-1 (CD54). This cell surface accessory
ligand has been shown to be involved in signaling through
LFA-1 and results in a bias towards a Thl phenotype
(Rogers, 2000). In a cancer setting, the functional. conse-
quence of these effects is that NCM-treated DCs would
polarize the T cell response towards a Thl phenotype and
favor the activation of tumor-specific CTL activity, thus
promoting tumor rejection.

[0153] Our data also demonstrate that NCM stimulates the
production of IL-12 from DCs. I1.-12 is a potent Thl
polarizing cytokine secreted by DCs in response to patho-
gens during infection. However, one of the most important
roles of DCs in mediating tumor rejection is to effectively
and efficiently stimulate Thl-biased anti-tumor T cell
responses and one of the critical cytokines in directing this
response is 1L-12. 1[.-12 is produced by activated DCs and
is an essential factor involved in the differentiation of naive
CD4* helper T cells into Thl cells. Thl cells secrete IFN-y
and IL.-2 and these cytokines along with 1[.-12 mediate the
activation and proliferation of cellular and phagocytic com-
ponents of the immune system, such as CD8" cytotoxic T
lymphocytes (CTL).

[0154] To determine whether NCM can induce I1L-12
production in DCs, GM-CSF/IL-4 cultured monocytes were
stimulated with NCM (IRX-2) for 18 hours and assayed for
intracellular 1L.-12 p70 production. More specifically, adher-
ent PBMCs were grown for 4 days in GM-CSF and IL.-4 (as
described above) and then treated with or without NCM
(IRX-2) or LPS for 18 hours. Brefeldin A (BFA; 10 pg/ml;
Sigma, St. Louis, Mo.) was added during the last 4 hours to
accumulate most of the cytokine in the Golgi complex. Cells
were fixed and permeabilized using Fix and Perm (Caltag,
Burlingame, Calif.), according to the manufacturer’s
instructions, and were then labeled with FITC-labeled mAb
against [L.-12 p70 (BD Pharmingen, San Diego, Calif.) or
the appropriate isotype control (BD Pharmingen, San Diego,
Calif.). Cells were analyzed by flow cytometry.

[0155] As shown in FIG. 17A, NCM (IRX-2) increased
the percentage of DCs producing I1L.-12 from 4.5% positive
to 22.5% on average. LPS, a stimulator of IL.-12 production
in DCs, was used as a positive control and gave similar
levels of induction relative to NCM (27%=11). The data of
FIG. 17 A are the mean of 4 independent experiments and are
expressed as the percentage of cells staining positively for
1L-12 —/+SEM (p<0.05 Students t-test). To confirm that the
increased intracellular production of 1[.-12 corresponded to
increased secretion of bioactive IL.-12, the concentration of
bioactive 11.-12 in the supernatant of NCM-treated DCs
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(cultured initially for 4 days with GM-CSF and IL.-4 as
described above and incubated with NCM for 48 hrs) was
measured using a commercial ELISA kit (R&D Systems,
Minneapolis, Minn.) that detects the bioactive p70 het-
erodimer. Thus, as shown in FIG. 17B, 48 hours after
exposure to NCM, DC supernatants contained significantly
more bioactive IL-12 than control-treated DCs. The data of
FIG. 17B are the mean (-/+SEM) of 6 independent experi-
ments (p<0.05, Students t-test).

[0156] Finally, our data indicated that NCM reduces
VEGF-induced apoptosis in DCs. VEGF is an inhibitor of
DC maturation and has been shown to increase apoptosis
levels in maturing DCs. To determine if NCM was able to
mitigate the effects of VEGF, DCs were treated with VEGF
with or without IRX-2 and the level of apoptosis was
determined by Annexin-FITC V binding. More specifically,
adherent PBMCs were treated with GM-CSF and IL-4 for 7
days and then incubated in the presence or absence of VEGF
(100 ng/ml) with or without NCM (IRX-2) (1:3) for 2
additional days. The cells were harvested and washed 2
times in ice-cold PBS and resuspended in Annexin binding
buffer (BD Pharmingen, San Diego, Calif.). Annexin-V
FITC (BD Pharmingen, San Diego, Calif.) and propidium
iodide was added and the cells were incubated at 40° C. for
30 minutes. Cells were analyzed by flow cytometry.

[0157] As shown in FIG. 18, apoptosis levels increased in
VEGF-treated cells as compared to controls; however, NCM
(IRX-2) reduced the level of apoptosis in VEGF-treated
cells. The data of FIG. 18 are the result of 4 independent
experiments and is expressed as the percentage of cells
staining positively for Annexin V-FITC (-/+SEM). The data
suggest that, in addition to its stimulatory capacity, NCM
also has a protective effect on mature DCs. Moreover,
defective DC function and number may be mediated in part
by aberrant VEGF expression by the tumor (Gabrilovich,
1996b; Saito, 1999; Takahashi, 2004). VEGF production by
tumors was shown to be a predictor for poor prognosis in
several cancers including H&NSCC, lung cancer, gastric
cancer, and osteosarcoma (Gallo, 2001; Kaya, 2000; Miy-
ake, 1992; Saito, 1998; Smith, 2000). The data contained
herein indicate that NCM can reverse VEGF-mediated apo-
ptosis of DCs, thus promoting the survival of mature DCs
within a tumor environment and allowing for prolonged
antigen presentation and activation of tumor antigen-specific
cytotoxic T lymphocytes.

[0158] Previous studies with DCs have employed natural
cytokine mixtures such as monocyte-conditioned media
(MCM) or mixtures of recombinant inflammatory cytokines
containing TNF-qa, IL-10, IL-6, and PGE, to mature DCs for
use in ex vivo generated DC-based cancer vaccines
(Romani, 1996; Bender, 1996; Sorg, 2003). A critical dif-
ference between NCM and the cytokine mixtures used in
other studies is that the level of cytokines used in this study
were 10-100 fold lower, suggesting a significant synergism
between the unique cytokine components of NCM. In addi-
tion, there are significant problems involved in the use of
DCs matured by these other mixtures. For example, DCs
matured in the presence of TNF-a, IL-1p, IL-6, and PGE,
have low or absent production of IL.-12 and if improperly
activated, may be tolerogenic (Steinman, 2002; Langen-
kamp, 2000). Additionally, there is a concern that fully
mature DCs generated ex vivo might be “exhausted” and
unable to efficiently prime an effective T cell response
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(Kalinski, 2001). The low levels of clinical responses seen
in patients treated with DCs matured by the ex vivo method
lends support to these concerns (Holtl, 2002; Schuler-
Thurner, 2002; Thurner, 1999).

[0159] The evidence presented herein confirms that NCM
is a potent activator of dendritic cells. This data combined
with the known effects of NCM on T cells (Hadden, 1995b)
suggests that NCM is able to overcome the APC and T cell
defects found in cancer patients and provides a mechanistic
explanation for the successful clinical outcomes seen in
Applicant’s clinical trials. While DCs are now recognized as
central players in cancer-directed immunotherapy, it is
becoming increasingly clear that manipulating single ele-
ments of the immune system individually, e.g., tumor-
specific T cell vaccination strategies or reintroduction of
tumor-antigen pulsed DCs alone, is failing to produce sig-
nificant clinical improvements for patients (Ridgway, 2003;
Rosenberg, 2004). A more beneficial treatment plan may be
to enhance the activities of several coordinating cell types
concomitantly, e.g., T cells and DCs, allowing reinforcing
interactions and a better likelihood that functional cascades
are perpetuated rather than blocked by the tumor’s various
immunosuppressive strategies. In this setting, the NCM of
the invention may be acting to stimulate both endogenous
DCs loaded with tumor antigen and tumor antigen-specific
cytotoxic T cells, resulting in an effective immune response
and tumor rejection. Taken together, these results indicate
that the cytokine composition of the present invention can be
a powerful clinical tool for eliciting an immune response
against endogenous tumor antigens or could be used in
conjunction with exogenously added tumor antigens in a
cancer vaccine setting.

Example 10
NCM Stimulates Monocyte/Macrophage Activation

[0160] The NCM of the invention containing the cytok-
ines IL-1, IL-2, IL-6, IL-8, IFN-y, and TNF-a is also a
potent activator of monocytes/macrophages. More specifi-
cally, adherent PBMCs (~90% monocytes) were grown
overnight in X-VIVO 10 media (BioWhittaker Bioprod-
ucts), stimulated for 24 hr with NCM (IRX-2) (at a 1:3 final
concentration) and assayed for the expression of various
activation markers typically found on activated macroph-
ages by flow cytometry. As a control, cells were incubated
for 24 hr in media lacking NCM. As demonstrated in FIG.
19, the treatment of the cells with NCM versus no added
cytokines produced a statistical increase in the percentage of
cells staining positively (FIG. 19A) and an increase in mean
fluorescence index (MFI) (FIG. 19B) for HLA-CR, CD86,
CD40 and CDS8O0, all activation markers of monocytes/
macrophages (p<0.03). The data shown in FIG. 19 represent
the mean value +/-SEM from three independent experi-
ments/donors.

[0161] In addition, it was found that the NCM of the
invention activates monocytes to a greater degree than
TNF-c.. More specifically, adherent PBMCs were stimulated
with either NCM (IRX-2) (at a 1:3 final concentration;
approximately 1 ng/ml TNF-a) or TNF-a (10 ng/ml) and
assayed for the expression of activation markers by flow
cytometry. As shown in FIG. 20, NCM induced statistically
greater expression of HLA-DR, CD86, CD40 and CDS80
than TNF-aa(p<0.03). The data shown in FIG. 20 represent
the mean value +/-SEM from three independent experi-
ments/donors.
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[0162] Similarly, studies performed using LPS in modest
doses (activating but not maximal) also indicated that NCM
was a comparatively stronger activation signal. More spe-
cifically, adherent PBMCs were stimulated in the absence or
presence of I1.-10 (5 ng/ml) with either NCM (IRX-2) (at a
1:3 final concentration) or LPS (10 ng/ml) and assayed for
the expression of activation markers by flow cytometry. As
shown in FIG. 21, NCM caused a greater increase in the
expression of the monocyte/macrophage maturation markers
HLA-DR, CD86, and CD40 than LPS. Moreover, in the
presence of the immunosuppressing cytokine, 11.-10, the
NCM was still able to stimulate the monocytes, whereas
LPS failed to do so (p<0.02). The data shown in FIG. 21
represent the mean value +/-SEM from three independent
experiments/donors.

[0163] Finally, it is known that monocytes secrete TNF-a
in response to activating signals, which secretion is associ-
ated with the non-specific killing activity of the monocytes/
macrophages. The data shown in FIG. 22 demonstrate that
the NCM of the invention stimulates the production of
TNF-o. from monocytes and overcomes the immunosup-
pressive effects of IL-10. More specifically, adherent
PBMCs were stimulated in the absence or presence of IL.-10
(5 ng/ml) with either NCM (IRX-2) (at a 1:3 final concen-
tration) or LPS (10 ng/ml) and assayed for TNF-a produc-
tion by intracellular staining and flow cytometry. As shown
in FIG. 22, NCM caused a greater increase in the production
of TNF-a than LPS or controls. In the presence of IL.-10, the
NCM was still able to stimulate the monocytes to produce
TNF-a, whereas LPS was no longer able to do so (p<0.05).
The data shown in FIG. 22 represent the mean value
+/-SEM from five independent experiments/donors.

Example 11

[0164] The experiments detailed below demonstrate the
ability of the NCM composition of the invention to act in
combination with exogenous antigens to elicit an improved
immune response (both cellular and antibody-based) against
the antigen in mice.

Administration of Exogenous Tumor Antigens
Mice:

[0165] The procedure was to immunize mice with pros-
tate-specific membrane antigen (PSMA) peptides based on
predicted T cell epitopes of PSMA (LLH &ALF) (100 ng@)
were conjugated to either ovalbumin (OVA) or Keyhole
Limpet Hemocyanin (KLH). Previous attempts with isolated
unconjugated peptides were not successful in mice. NCM
(0.1 ml) was given as a single immunization with both
conjugated antigens, preceded by low dose CY (400
ng/mouse) and followed by 9 daily injections of NCM (0.1
ml) without antigens, while CpG, alum, or RIBI-Corixa
adjuvants were a single primary immunization with the OVA
conjugate. Two booster immunizations (conjugate plus adju-
vant as above) were given at day 21 and 28 to each group of
mice. The DTH reaction to the T cell peptides was measured
9 days after the final boost and serum was taken at sacrifice
on days 15-21.

[0166] FIG. 23 shows the DTH results to skin testing of
mice, using the individual ALF and LLH peptides (10 ng@),
i.e., without conjugate, as the antigen challenge. As indi-
cated by the Figure, NCM induces significant DTH
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responses to the antigens following immunization with both
conjugates and also when given with alum for the OVA
conjugate. Alum, RIBI-Corixa, and CpG showed negligible
activity.

Serum Antibody Results:

[0167] Serum was diluted as indicated and added to the
wells of a microplate coated with either peptide (ALF or
LLH) or ovalbumin. Results are expressed as the average
OD at 405 for 5 mice groups. Data are presented in Table IV
below.

[0168] More specifically, mice immunized with the KLH
conjugate in combination with NCM were negative for
ovalbumin antibodies, but positive for the peptides. Mice
immunized with the OVA conjugates and NCM were posi-
tive for antibodies for both OVA and the peptides, while
those immunized with the OVA conjugate +CpG were
positive for OVA only. These results indicate that NCM acts
as an adjuvant in enhancing the ability of conjugated PSMA
peptides to stimulate both DTH and IgG responses specific
for the peptides, while other adjuvants like alum, RIBI-
Corixa, and CpG were inactive or poorly active.

TABLE IV

Dilution

NCM OVA-PSMA NCM  KLH-PSMA-NCM  OVA-PSMA-CpG

A: Serum IgG to ALF Peptide

1/200 0.929 0.692 0.241
1/400 0.989 0.518 0.208
1/800 0.695 0.351 0.144
1/1600 0.309 0.191 0.120
B: Serum IgG to LLH Peptide
1/200 0.950 0.720 0.277
1/400 1.013 0.502 0.200
1/800 0.607 0.327 0.157
1/1600 0.316 0.201 0.125
C: Serum IgG to Ovalbumin
1/500 0.920 0.269 1.050
1/1500 0.632 0.185 0.955
1/3000 0.457 0.146 0.813
1/6000 0.259 0.104 0.537

[0169] Additional experiments were performed to confirm
the above results and to demonstrate that the NCM compo-
sition of the invention enhances T cell-specific immune
responses in both young and old mice. In the experiments
described below, the following methods and materials were
used:

Reagents:

[0170] Prostate-Specific Membrane Antigen Peptides
(Peptide 1: Leu-Leu-His-Glu-Thr-Asp-Ser-Ala-Val; Peptide
2: Ala-Leu-Phe-Asp-lle-Glu-Ser-Lys-Val) were synthesized
by BioSynthesis Inc. (Lewisville, Tex.). Ovalbumin and
cyclophosphamide were obtained from Sigma and KLH
from Pierce Biochemicals. The RIBI adjuvant system
(R-700), also termed RAS, was purchased from Corixa and
alum (40 mg/ml each of aluminum hydroxide and magne-
sium hydroxide) was purchased from Pierce Chemicals.
RAS consisted of Monophosphoryl Lipid A (0.5 mg) and
synthetic Trehalose Dicorynomycolate (0.5 mg), and 44 nl
Squalene and Tween-80. CpG oligonucleotides (mouse spe-
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cific sequence) were synthesized by BioSynthesis. The CpG
sequence was TCCATGACGTTCCTGACGTT and was the
phosphothionate derivative. The bioactivity of the CpG in
the mouse was confirmed by measuring proliferation of
mouse spleen cells and production of TNF-a by mouse
adherent cells (data not shown).

[0171] NCM (also referred to herein as IRX-2) is a defined
mixture of cytokines produced over a 24 hr period following
stimulation of human peripheral blood mononuclear cells by
PHA and ciprofloxacin. The PHA is removed prior to
collecting the supernatant containing the cytokines. Two
virus removal steps are included in the subsequent process-
ing (ion exchange and dual nanofiltration). Stringent QC
testing that includes both bioassay and ELISA determination
of cytokine levels assures the consistency of the NCM
(IRX-2). Safety testing with respect to sterility, DNA, mico-
plasm, endotoxin and virus testing for CMV and EBV are
also part of the process. Several lots of IRX-2 were used
over the course of these studies. The level of a number of
cytokines contained in the NCM (IRX-2) lots are listed in
Table V below. In the table, * represents the mean cytokine
level for the 5 lots of IRX-2 used in these studies and **
represents levels not measured in all lots but for the most
recent lot only. Additional cytokines present in pg/ml ranges
include G-CSF, 1L.-12, and IL.-10. Not present are typical
Th2-biasing cytokines such as I[.-3, IL-4, IL-5, IL-7 and
IFN-a.. When two lots were tested in the same experiment,
they were always similar in activity (data not shown).

TABLE V

Cytokine Levels in IRX-2

Cytokine (pg/ml) Mean* (n = 5)
IL-2 4.72
IL-1 045
IFN-y 1.28
TNF-a 1.5
IL-g** 535
IL-6%* 1.1
GM-CSF** 0.58

Conjugation of Antigen Peptides:

[0172] Peptides 1 and 2 described above were conjugated
to a carrier molecule such as ovalbumin or KLH carriers as
described above. Both peptides were conjugated to each
carrier, i.e., as a single agent. For example, the OVA-PSMA
conjugate or KLH-PSMA conjugate used in these studies
contained both peptides linked to the carrier molecule. The
peptides were conjugated to the respective carriers using the
carbodiimide method (ODC; Pierce EDC kit 77502, Rock-
ford, I11.). In early studies, gluteraldehyde (Sigma, St. Louis,
Mo.) was utilized but there was no difference in immuno-
genicity between the two methods (data not shown), so the
carbodiimide coupling was chosen for subsequent studies as
the more controlled method. Conjugation was characterized
by measuring OD 280 and 215 in fractions from a Sephadex
purification column. The 280 OD peak from the columns
represents the ovalbumin or KLLH conjugate and was col-
lected as the conjugate. Dosing was based on the carrier
concentration as recovered from the column. Monitoring the
215 showed a tailing peak representing the free peptides and
provided confirmation that excess peptide was present dur-
ing the conjugation procedure.
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Immunization:

[0173] Balb/c mice were purchased from either Charles
River or Harlan and were under the care of the Cold Spring
Harbor Animal Facility (CSHL). All procedures were
approved by the ALAC committee of the CSHL. In several
experiments, cyclophosphamide (400 or 2000 pug/100 pl, IP)
was injected three days prior to IRX-2 treatment. Subse-
quent studies demonstrated that cyclophosphamide did not
have a statistically significant effect on the NCM (IRX-2)
enhancement of the response in mice (data not shown).
Immunizations were performed as follows: 200 pl/mouse
containing 100 pg of PSMA conjugate with 100 pl adjuvant,
e.g., NCM or alum, or PBS were injected subcutaneously at
the base of the tail to provide for rapid draining to the
regional lymph nodes. Nine additional injections of NCM
(100 pl=6-8 TU of IL-2 equivalence) always followed the
primary immunization (on days 2, 3, 4, 5, 8, 9, 10, 11, and
12). Unlike alum or RIBI, even repeated injections of NCM
(IRX-2) into the same site did not result in significant
inflammation at the site (unpublished observation). Two
booster immunizations with conjugate plus adjuvant (at day
14 and 28) were performed prior to assessing DTH activity.
Additional NCM was not given at the booster immuniza-
tions.

[0174] Inthe comparative adjuvant studies in young mice,
the RAS (R-700=MPL+TDM in squalene/Tween 80) was
reconstituted with 1 ml of PBS (as per the recommended
protocol) and then mixed with 1 ml conjugate (1 mg/ml).
Alum was mixed 1:1 with antigen. CpG oligonucleotides
were mixed with the conjugate as per the published proto-
cols for mice (100 pg conjugate with 20 pg CpG per mouse).

DTH Assay:

[0175] The in vivo antigen challenge for the DTH assay
was with either a mixture of the two PSMA peptides
(without carrier) (100 pg in 20 pl) or carrier alone (ovalbu-
min or KLH) (50-100 pg in 20 pl). Mice received subcuta-
neous injections of the challenge antigen in the left footpad
and PBS in the right footpad at 9 days after booster immu-
nization. After 24 hrs, the right and left footpad thicknesses
were measured using a digital readout caliper (Preisser
DIGI-MET Model 18314, Stofiting Co., Wooddale, I11.). The
swelling response was calculated by subtracting the right
footpad thickness (baseline) from the left footpad thickness
(experimental response). The data were expressed as indi-
vidual mice swelling as well as mean +/—standard error of
the mean. Statistical analysis was via Student’s t-test or
ANOVA.

Antigen/Mitogen-induced Cytokine Production and Mea-
surement:

[0176] For these studies, the spleens were harvested 14-21
days after the booster immunization and isolated via dis-
persing through a wire screen. Adherent cells were obtained
by taking spleen cells and allowing them to adhere to plastic
for 90 minutes. The isolated adherent cells were pooled prior
to addition to the cultures to provide for additional antigen-
presenting cells. Approximately 6x10° lymphocytes per well
were supplemented with 2x10* adherent cells.

[0177] Cytokine release from antigen or mitogen-induced
activation of lymphocytes was measured in supernatants
using Duo-Sets ELISA reagents from R and D Systems
(Minn., Minn.). The optimal day for harvesting supernatants
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from antigen-stimulated cells was day 6 (for IFN-y), while
the PHA-stimulated I[.-2 production was optimal at day 3
(data not shown).

Serum Antibodies to Ovalbumin and Peptides:

[0178] Serum at sacrifice was frozen for later use in
ELISA assays. ELISA plates (Immunolon-4, Nunc, Den-
mark) were coated with the antigen of interest (ovalbumin,
KLH, conjugate or individual peptides) overnight. Dilutions
of serum were added to the blocked and washed wells and
incubated overnight. Anti-mouse biotin and biotin-alkaline
phosphatase (Southern BioTech, Birmingham, Ala.) were
added sequentially and following addition of pNPP sub-
strate, OD was measured and plotted vs dilution of serum.

[0179] The results of these studies as detailed below
demonstrate that the NCM of the invention stimulates tumor
antigen-specific immune responses in both young and old
mice in vivo. More specifically, in the experiments described
below, the in vivo DTH (delayed type hypersensitivity)
assay was utilized as an indicator of T cell activation. The
DTH response to cancer antigens correlates well with elimi-
nation of tumor in animal models and clinical trials, and thus
provides a useful in vivo correlate of T cell immune
responses (see, e.g., Stuart, 1987; Sweat, 1998). As demon-
strated by the present experiments, the NCM composition of
the invention acts as an adjuvant with prostate-specific
tumor antigens in stimulating T cell immune responses in
young mice in vivo. Moreover, the present experiments
demonstrate that NCM not only increases the immune
response to T cell peptides in young mice but also restores
T cell immune responses in T cell-impaired old mice. Thus,
in the experiments detailed below, old mice were used as a
model of immune dysfunction, an age-related decline in
immune function that occurs in both mice and men. Fur-
thermore, it is believed that this immune dysfunction is a
major reason for the increased cancer incidence that occurs
with increasing age in humans.

[0180] NCM Enhancement of Peptide-Specific DTH
Response in Young Mice: Young mice were immunized with
either NCM (or PBS as a negative control) in combination
with an OVA-PSMA or KLH-PSMA conjugate as described
above (e.g., 200 pl/mouse, containing 100 ng of conjugate
with 100 pul NCM or PBS). Immunizations were adminis-
tered as subcutaneous injections at the base of the tail to
provide for rapid draining to a regional lymph node. The
mice were later challenged in a DTH assay as described
above, using either the PSMA peptides (FIG. 24A) or the
carrier used in the respective conjugate immunizations (FIG.
24B) as the challenge antigen.

[0181] As demonstrated in FIG. 24A, immunization of
young mice (6-8 weeks old) with NCM (IRX-2) in combi-
nation with an OVA-PSMA or KLH-PSMA conjugate
enhanced the peptide-specific DTH response, regardless of
the carrier. When the peptides were co-administered with
NCM but without conjugation, no peptide-specific DTH
response was measured (data not shown). The DTH
response to the carriers (either ovalbumin or KLH) was
stronger than to the peptide, and administration with NCM
did not enhance the DTH activity (FIG. 24B). Addition of
alum to the NCM-peptide conjugate immunization did not
modify the positive peptide-specific DTH response (data not
shown).

[0182] The initial studies used NCM (IRX-2) in combi-
nation with a single pretreatment with cyclophosphamide
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three days before immunization. More specifically, mice
were immunized with the OVA-PSMA conjugate and NCM
(IRX-2) either with or without the administration of cyclo-
phosphamide (either 400 pg/mouse or 2 mg/mouse) 3 days
prior to the primary immunization. After two boosts (at day
14 and 28), a DTH assay was performed as described above.

[0183] As shown in FIG. 25, the pretreatment with cyclo-
phosphamide was not required for the peptide-specific
response and it was not used in subsequent experiments.
Moreover, this experiment confirmed that NCM treatment in
combination with the peptide-conjugate enhanced the pep-
tide-specific DTH response to a significantly greater extent
(p<0.05) than the use of alum or PBS, regardless of whether
the mice were pre-treated with cyclophosphamide or not.
The results of this assay were expressed as average swelling
(bars in FIG. 25) and as the swelling for individual mice
(diamond data points in FIG. 25). In addition, all of the
results of these mouse studies utilized 9 days of additional
NCM (IRX-2) injections after the primary immunization,
although 4 additional treatments was not statistically differ-
ent from 9 (data not shown).

[0184] Further, the ability of NCM to stimulate a peptide-
specific immune response to the PSMA conjugates was
compared to that of three other adjuvants: alum, the RIBI
Adjuvant System (or RAS), and CpG. More specifically,
mice were immunized with the OVA-peptide conjugate in
combination with these different adjuvants. After two boosts
(on day 14 and 28), a DTH assay was performed as
described above (on day 9 post-boost). The results of this
study are indicated in FIG. 26 and are expressed as the
average swelling (bars) and as the swelling for individual
mice (diamond data points).

[0185] As depicted in FIG. 26, the adjuvant effect of NCM
(IRX-2) was greater than those of the other adjuvants tested
(p<0.001). Although all of the adjuvants enhanced the
response to the carrier protein compared to naive mice (data
not shown), only NCM (IRX-2) enhanced the tumor pep-
tide-specific immune response.

[0186] NCM Enhancement of Peptide-Specific Immune
Response in Aging Mice We first confirmed that the T cell
immune response in old mice (>18 months old) was defi-
cient as compared to the response in young mice (8-16
weeks old) by demonstrating that spleen cells from old mice
stimulated with mitogen (PHA) were impaired with respect
to secretion of two primary T cell cytokines, IL-2 and IFN-y,
as compared to the response from young mice (IL-2: 285 vs
75 pg/ml and IFN-y: 1535 vs 128 pg/ml).

[0187] We then tested the DTH response in old versus
young mice that had been immunized with PSMA conju-
gates and either NCM or alum as adjuvant, followed by
antigen challenge using the DTH assay described above.
More specifically, old mice (18-20 months at the start of the
study) and young mice (6-8 weeks at the start of the study)
were immunized with the PSMA conjugate, OVA-PSMA, in
combination with NCM or alum as adjuvant, as described
above. The mice were then challenged with antigen accord-
ing to the DTH assay described above.

[0188] As indicated by FIG. 27A, NCM (IRX-2) restored
the immune activity of old mice to that of young mice with
respect to the peptide-specific DTH response. The results are
expressed as difference in swelling between a PBS-injected
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paw and an antigen-injected paw for the mean of 9-15 mice
per group. The average swelling for the NCM-treated old
and young groups was not statistically different with respect
to the peptide-specific response. However, the DTH
responses of both the NCM-young and NCM-old groups
were significantly greater than that seen from the alum-
treated mice (* p<0.005, Student’s t-test).

[0189] With respect to the OVA carrier-specific DTH
response, FIG. 27B demonstrates that the old mice were
deficient compared to the young mice for this response (t
p<0.05) but NCM treatment restored the ovalbumin-specific
DTH response in the old mice (FIG. 27B). The response of
young mice to ovalbumin was optimal in alum and was
therefore not improved by NCM.

[0190] These experiments demonstrated the adjuvant
effect of the NCM composition of the invention in stimu-
lating specific anti-tumor antigen T cell immune responses
in both old and young mice in vivo. In fact, the NCM of the
invention provided a greater tumor antigen-specific T cell
immune response compared to other adjuvants tested.

[0191] Further experiments, as described below, were car-
ried out to measure the effect of NCM treatment on the
production of the T cell cytokine, IFN-y, which production
is another indicator of immune stimulation.

Effect of NCM on the Spleen T cell Ex vivo Response

[0192] Thus, the adjuvant effect of NCM treatment on
mice immunized with NCM and a PSMA conjugate was
determined by measuring the secretion of IFN-y by spleen
cells from the immunized mice. More specifically, spleen
cells from mice immunized with the KLH-PSMA conjugate
(as described above) and NCM (IRX-2) were harvested and
incubated ex vivo with the conjugate (KLH-PSMA), the
carrier (KLH) or the peptides (PSMA). The supernatants
from the spleen cells were collected after 6 days of culture
and measured for IFN-y secretion as described in the meth-
ods and materials section above. As shown in FIG. 28, the
T cell response, in the form of production of IFN-y (in
pg/ml), was greater for all three antigens in mice immunized
with the conjugate and NCM as compared to naive mice.

Effect of Adjuvants on the Serum Antibody Titer

[0193] In addition, experiments were performed to deter-
mine whether NCM treatment had an adjuvant effect on
antibody production in vivo. More specifically, mice were
immunized with the PSMA-conjugates as described above
and the following adjuvants: NCM, alum or CpG. PBS was
used as a negative control for adjuvant. Serum from the mice
was obtained at sacrifice, either at 15 days after the third
immunization (data depicted in FIG. 29A and B) or at 8 and
15 days after the third boost (data of FIG. 29C)). Serum was
assayed for antibodies by ELISA and the results expressed
as dilution vs optical density (FIG. 29A and B) or as optical
density at the optimal dilution, 1/400 (FIG. 29C).

[0194] Serum antibody titers to the carrier (whether oval-
bumin or KLLH) were measured and indicated that NCM
(IRX-2), alum and CpG induced similar titers to ovalbumin,
with the response being: CpG>alum>NCM (IRX-2) (FIG.
29A and data not shown). Mice immunized with the KLH
conjugate, as predicted, did not generate titers to ovalbumin,
confirming the specificity of the ELISA assay (see, e.g., FIG.
29A). However, as to the peptide-specific antibody response
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as depicted in FIG. 29B, NCM in combination with the
OVA-PSMA peptide conjugate induced serum antibodies to
both peptides, in contrast to alum and CpG. The data in FIG.
298 are for the ALF peptide with a p<0.05 by ANOVA for
NCM vs. alum and CpG. Similar responses were measured
for the LLH peptide (data not shown). As depicted in FIG.
29C, when KLLH was used in the conjugate as the carrier for
the peptides, NCM (IRX-2) induced a higher peptide anti-
body response than no adjuvant (PBS) or alum (p<0.001 for
NCM vs. alum and PBS). The markers in FIG. 29C indicate
individual mice. The antibody response was measured on an
ELISA plate coated with both peptides in the assay method
as described above.

[0195] The studies described above indicate that the NCM
of the invention enhances the T cell peptide-specific DTH
response in vivo and the T cell response of spleen cells ex
vivo in a prototype prostate peptide vaccine model. The
critical nature of the mixture of cytokines (as opposed to the
activity of just a few) is confirmed by the observation that
preparations made from cell cultures lacking monocytes and
therefore deficient in monocyte-derived cytokines failed to
enhance the peptide-specific DTH response or the in vitro T
cell response of spleen cells. The novel nature of the NCM
was further demonstrated by comparing it to other adjuvants
selected to represent various mechanisms of action. For
example, CpG is a TLR agonist for APCs and is represen-
tative of TLR activating adjuvants, whereas the RAS system
is representative of adjuvants with oil and bacterial compo-
nents and is a safer alternative to Freund’s adjuvant in mouse
models. Alum is the adjuvant utilized in the majority of
FDA-approved vaccines. In the present studies, NCM
enhanced the peptide-specific DTH response but alum, CpG
and RAS did not. Moreover, the NCM enhancement of the
in vivo T cell peptide-specific DTH response correlated with
an enhanced T cell response by spleen cells ex vivo as
defined by antigen-specific secretion of IFN-y. Finally, while
all of the adjuvants enhanced the antibody response to the
carrier (as compared to PBS), only NCM enhanced the
antibody response to the peptides conjugated to the carrier.

[0196] The mechanism(s) through which the cytokines in
NCM act to enhance the peptide-specific immune response
as defined by the DTH assay is most likely complex since
the recruitment, engulfment, proliferation, activation, matu-
ration and migration of APCs and recruitment, proliferation,
differentiation and maturation of T cells are all influenced by
cytokines. However, the peptide-specific nature of the DTH
response observed in these studies is believed to be a result
of the influence of NCM on antigen presentation as well as
subsequent T cell proliferation and migration to the periph-
ery. It is also believed that the cytokines of the NCM shift
the DC tolerance or T regulatory balance towards activation
of the response to T cell epitopes. NCM may also be
enhancing the T cell helper epitopes in the carrier providing
additional stimulation of the development of an effective T
cell immune response. As demonstrated herein (see
Examples 9 and 10), the NCM of the invention stimulates
the maturation and activation of dendritic cells, which
promotes antigen presentation and the secretion of IL-12 (by
the dendritic cells), IL.-12 being a potent Thl polarizing
cytokine. The NCM is also a potent activator of monocytes
and macrophages.

[0197] The NCM has further effects on T cells based on
the known influence of the cytokines present in the NCM. As
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demonstrated in Examples 2 and 8 above, the NCM of the
invention increases T lymphocyte counts in lymphocy-
topenic patients, including the production of naive T cells. In
addition, it is known that I[.-1 (present in the NCM) is a
chemoattractant for lymphocytes as well as a stimulator of
the production of other cytokines. Known activities include
increase in the proliferation and activation of resting T cells
by inducing IL.-2 secretion and, more importantly for the
activity of NCM, up regulation of IL.-2 receptor. In addition,
TNF-a (also present in NCM) enhances the activity of IL.-1
as do other cytokines such as I1.-8 and the CSFs. IL-8 also
acts as a chemoattractant for multiple cells including T cells,
basophils and neutrophils. IL.-2 acts to enhance proliferation
of activated cells by not just stimulating through the receptor
but also by up-regulating additional IL-2 receptors as well as
receptors for additional cytokines. Thus, the cytokines of the
NCM compositions of the invention are pleotropic, influ-
encing monocytes, dendritic cells and T cells.

[0198] The site of activity for the cytokines, present in
physiological levels in the NCM of the invention, is local
and includes both the injection site as well as the lymph
nodes associated with the injection site. Since the NCM can
be administered daily, elevated local levels of all the cytok-
ines can be maintained. The peptide-specific nature of the
DTH response using the NCM of the invention as an
adjuvant argues for the use of the NCM in future T cell
vaccines.

[0199] In addition, the present studies indicate that the
NCM of the invention corrects a T cell cytokine deficit in
aging mice. It is important to note that cancer more often
occurs in older individuals who are known to have a
declining immune system. Moreover, many of the current
therapies for tumors (irradiation and chemotherapy) may
themselves be immune suppressive, further reducing the
immune competence of the patient. Thus, a cancer vaccine
for many patients may benefit from an agent with the
potential to restore the immune deficiency associated with
aging, cancer treatments and cancer defense mechanisms.
Given this potential obstacle to the use of a vaccine in the
elderly, NCM was evaluated in the present studies for
efficacy in aging as well as young immune competent mice.
Spleen cells from old mice were first ascertained to be
deficient in cytokine production of both IL.-2 and IFN-y
when compared to young mice. The DTH response was also
impaired with respect to ovalbumin. Not only was NCM
composition of the invention capable of restoring the weak
response to the carrier, it was also effective in restoring the
peptide-specific response to levels similar to that of young
mice.

[0200] The protocol for the use of NCM in a vaccine
model is based on phase I/II clinical studies using the NCM
(IRX-2) in patients with head and neck cancer and the
known kinetics of the immune response (see, e.g., Meneses,
2003; Hillman, 1995). In clinical trials, targeting the tumor
draining lymph node combined with a pre-injection of low
dose cyclophosphamide and a 10 day NCM (IRX-2) admin-
istration results in enhancement of lymphocyte infiltration of
the tumor, fragmentation of the tumor architecture and
reduction in tumor size (see Examples 2-7 above). As
described above, in the vaccine model in mice, initial studies
used a pre-injection with cyclophosphamide but subsequent
studies confirmed that this was not necessary in healthy
non-tumor bearing mice (FIG. 25). Moreover, the daily
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administration of NCM after the primary immunization (for
4-9 days) appears to be important because it assures that the
site of the injection and subsequently the draining lymph
nodes have sufficient cytokine levels for optimal stimulation
of the T cell immune response during the activation to
memory transition period. Since the levels of the cytokines
are low, there is no overt inflammatory response at the site
of injection. This is in contrast to both alum and the RIBI
Adjuvant System where swelling and inflammation were
noted at the injection site (unpublished observation).

[0201] The proposed peptide-carrier vaccine described
herein has significant clinical promise as a therapeutic
vaccine based on data reported for Phase /Il studies using
the PSMA peptides without conjugation to a carrier (Toja,
2000; O’Hagan, 2001; Katsuyuki, 2000; and Naylor, 1991).
The two peptides are T cell epitopes based on both computer
modeling and the response of lymphocytes from prostate
cancer patients. When patients were treated with peptides
alone or with peptide-pulsed dendritic cells, improved clini-
cal and T cell responses were seen in the Phase /Il trials. In
the phase I trials, however, the peptides without an adjuvant
were less effective than the peptide-pulsed dendritic cells.
Given the enhanced peptide-specific response observed
when NCM was administered with the peptide-conjugate
and the safety of KLH-conjugates in a wide variety of
clinical trials, clinical trials with the peptides and NCM
(IRX-2) are warranted.

[0202] The studies presented herein using a cancer peptide
vaccine mouse model and the human clinical data showing
a vigorous anti-tumor response to endogenous antigens
using the NCM of'the invention, support the use of the NCM
composition of the invention in a tumor vaccine for the
generation of an immune response sufficient to mediate
tumor-specific destruction. In addition, since NCM acts to
enhance T cell-specific responses in both young and old
mice, NCM is a candidate for inclusion in any cancer
vaccine, especially for elderly cancer patients, that has as its
goal the enhancement of T cell immune responses.

Humans:

[0203] Three patients with advanced prostate cancer
received unconjugated ALF & LLH peptides (100 ug @)
with NCM (1 ml-100 units I[.-2 equivalence) preceded by
low dose CY (300 mg/m?) and daily INDO (25 mg tid) plus
9 additional injections of NCM (1 ml). On day 15, a booster
of NCM plus peptides was given. An additional patient (#4)
received OVA-conjugated peptides in this regimen. Delayed
hypersensitivity reactions (DTH) were measured with NCM
(0.1 ml), ALF or LLH (10 ng) by intradermal skin test read
at 24 hours in centimeters of erythema and in duration. The
results are presented in Table VI.

TABLE VI

DTH to PSMA peptides & NCM

Time 0 1 month
NCM Ho 0.5
2) 1.0 1.0
3) 0.3 1.0
4) 0.3 0.3
ALF Peptide Ho 0.5
2)0 0.1
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TABLE VI-continued

DTH to PSMA peptides & NCM

Time 0 1 month
3) 1.0 1.0
40 0.4
LHH peptide 1nHo 0.5
2)0 0.3
3)1.5 2.0
40 0.5

[0204] These data indicate that the NCM regimen is
effective in inducing DTH reactions to unconjugated and
conjugated PSMA peptides in humans with advanced pros-
tate cancer. This result is different from results of most prior
attempts that have failed with isolated peptides.

[0205] Further experiments demonstrated the ability of the
NCM of the invention to act as an adjuvant with PSMA
peptide antigens, resulting in the stabilization of disease.
More specifically, three HLA-A2 positive males with
advanced prostate cancer were treated with NCM (IRX-2)
(115 units IL.-2 equivalence) and the two PSMA peptides
described above (100 pg each). The initial immunization
was via injection in the neck, followed by nine injections of
NCM (IRX-2) (plus low dose cyclophosphamide,
indomethacin and zinc as in the protocol of Example 2
above), and then followed by five monthly boosters of NCM
plus the two peptides.

[0206] Table VII summarizes briefly the clinical history
(Hx) and responses to therapy (Rx). All three patients had
received prostatectomy and orchiectomy 4 to 10 years
before (in addition to other meds) and had relapsed. All were
in a doubling phase of the rise in PSA ranging from 4 to an
estimated 6 months. Two were symptomatic with bone pain.
The immunization with NCM plus peptides and follow up
booster injections induced no symptoms.

[0207] The two patients with bone pain had a clearing of
pain. All three patients were stable clinically (except that
patient #2 suffered a fracture of the femur with a transient
exacerbation). All three developed transient dermal reactiv-
ity to skin tests with the isolated PSMA peptides (A and B;
10 pg each). All three showed increased reactivity to skin
tests with NCM or PHA. These results indicate that the
NCM of the invention immunized these patients to the
PSMA peptides and stabilized disease during the period of
immunization and boosting. See also FIG. 30, which depicts
the stabilization of PSA antigen levels in these three patients
over a six month period. The additional patient #4 described
above showed transient PSA and clinical stabilization but
clinical information is incomplete. A further additional
patient with an early recurrence of PSA level (7) showed
reversion to a normal level which has persisted for two years
of follow-up without additional therapy (a complete
response).
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Clinical Response

TABLE VII
Prostate PSA IRX-4
Rx Hx Rx
Patient 1  Prostatectomy 1999 2x increase in last 6 2003
Orchiectomy 2002 months (est.)
Bone metastases Last PSA 24
Patient 2 Prostatectomy 1998 4x increase in last 12 2003
Orchiectomy 1998 months
Anti-androgens 1999  Last PSA 160
Patient 3 Prostatectomy 1993 15% in last 20 months 2003

Orchiectomy 1993

2x in last 4 months
Last PSA 35

PSA stable 5 months; 29 at end
IRX-2 skin test 0.4 1.0 cm
Peptide A 0 — 0.2 cm

Peptide B0 — 0.1 cm

Stable clinically 6 months

PSA stable 7 months; 131 at end
IRX-2 skin test 1.0 1.0 cm
Peptide A 0 — 0.2 cm

Peptide B 0 — 1.0 cm
Decreased pain

Stable clinically 6 months

PSA stable 7 months; 44 at end
IRX-2 skin test 0.0 0.5 cm
Peptide A 0 — 0.5 cm

Peptide B 0 — 0.5 cm
Decreased pain

Stable clinically 6 months

[0208] Throughout this application, various publications,
including United States patents, are referenced by author and
year and patents by number. Full citations for the publica-
tions are listed below. The disclosures of these publications
and patents in their entireties are hereby incorporated by
reference into this application in order to more fully describe
the state of the art to which this invention pertains.

[0209] The invention has been described in an illustrative
manner, and it is to be understood that the terminology
which has been used is intended to be in the nature of words
of description rather than of limitation.

[0210] Obviously, many modifications and variations of
the present invention are possible in light of the above
teachings. It is, therefore, to be understood that within the
scope of the described invention, the invention can be
practiced otherwise than as specifically described.
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What is claimed is:

1. A composition for eliciting an immune response to at
least one antigen in a patient having an antigen-producing
disease or lesion comprising an effective amount of a
cytokine mixture including the cytokines 1L-1, IL-2, IL-6,
IL-8, IFN-y, and TNF-a, wherein the cytokines act as an
adjuvant with the antigen and stimulate an immune response
to the antigen in the patient.

2. The composition of claim 1, wherein the cytokines are
naturally made or recombinant cytokines, or a mixture of
naturally made and recombinant cytokines.

3. The composition of claim 1, wherein the cytokines are
pegylated or a mixture of naturally made, recombinant or
pegylated cytokines.

4. The composition of claim 1, wherein the cytokine
mixture further comprises 1[.-12, GM-CSF and G-CSF,
wherein the IL.-12, GM-CSF and G-CSF are naturally made
or recombinant cytokines, or a mixture of naturally made
and recombinant cytokines.

5. The composition of claim 1, wherein the cytokine
mixture further comprises 1[.-12, GM-CSF and G-CSF,
wherein the IL-12, GM-CSF and G-CSF are pegylated
cytokines, or a mixture of naturally made, recombinant or
pegylated cytokines.

6. The composition of claim 1, wherein the antigen-
producing disease is cancer.

7. The composition of claim 6, wherein the cancer is
selected from the group consisting of squamous cell carci-
noma of the head and neck, prostate cancer, melanoma,
breast cancer, lymphoma, cervical cancer and hepatoma.

8. The composition of claim 1, wherein the antigen-
producing lesion is a non-cancerous persistent lesion.

9. The composition of claim 1, wherein the antigen is an
endogenous antigen, an exogenous antigen or a combination
thereof.

10. The composition of claim 1, wherein the antigen is an
endogenous antigen.

11. The composition of claim 1, wherein the antigen is an
exogenous antigen.

12. The composition of claim 1, further comprising an
effective amount of at least one exogenous antigen, wherein
the combination of the cytokines and exogenous antigen
stimulates an immune response to the exogenous antigen.

13. The composition of claim 1, wherein the antigen is a
tumor antigen.

14. The composition of claim 13, wherein the tumor
antigen is a protein or a peptide.

15. The composition of claim 12, wherein the antigen is
a tumor antigen.

16. The composition of claim 15, wherein the tumor
antigen is a protein or a peptide.
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17. A method of eliciting an immune response to at least
one antigen in a patient having an antigen-producing disease
or lesion comprising administering an effective amount of a
cytokine mixture comprising IL.-1, IL-2, IT-6, IL-8, IFN-y,
and TNF-a, wherein the cytokines act as an adjuvant with
the antigen and stimulate an immune response to the antigen
in the patient.

18. The method of claim 17, wherein the cytokines are
naturally made or recombinant cytokines, or a mixture of
naturally made and recombinant cytokines.

19. The method of claim 17, wherein the cytokines are
pegylated or a mixture of naturally made, recombinant or
pegylated cytokines.

20. The method of claim 17, wherein the cytokine mixture
further comprises 11.-12, GM-CSF and G-CSF, wherein the
1IL-12, GM-CSF and G-CSF are naturally made or recom-
binant cytokines, or a mixture of naturally made and recom-
binant cytokines.

21. The method of claim 17, wherein the cytokine mixture
further comprises 11.-12, GM-CSF and G-CSF, wherein the
1IL-12, GM-CSF and G-CSF are pegylated cytokines, or a
mixture of naturally made, recombinant or pegylated cytok-
ines.

22. The method of claim 17, wherein the antigen-produc-
ing disease is cancer.

23. The method of claim 22, wherein the cancer is
selected from the group consisting of squamous cell carci-
noma of the head and neck, prostate cancer, melanoma,
breast cancer, lymphoma, cervical cancer and hepatoma.

24. The method of claim 17, wherein the antigen-produc-
ing lesion is a non-cancerous persistent lesion.

25. The method of claim 17, wherein the antigen is an
endogenous antigen, an exogenous antigen or a combination
thereof.

26. The method of claim 17, wherein the antigen is an
endogenous antigen.

27. The method of claim 17, wherein the antigen is an
exogenous antigen.

28. The method of claim 17, comprising a further step of
administering to the patient an effective amount of at least
one exogenous antigen, wherein the combination of the
cytokine mixture and exogenous antigen stimulates an
immune response to the exogenous antigen.

29. The method of claim 17, wherein the antigen is a
tumor antigen.

30. The method of claim 29, wherein the tumor antigen is
a protein or a peptide.

31. The method of claim 28, wherein the antigen is a
tumor antigen.

32. The method of claim 31, wherein the tumor antigen is
a protein or a peptide.

33. The method of claim 17, wherein said administering
step is defined as administering I[.-2 at a concentration
ranging from 600 to 60,000 pcg/ml.

34. The method of claim 17, wherein said administering
step is defined as administering I[.-2 at a concentration
ranging from 3,000 to 12,000 pcg/ml.

35. The method of claim 17, wherein said administering
step is defined as administering I[.-2 at a concentration
ranging from 4,000 to 8,000 pcg/ml.

36. The method of claim 17, wherein the cytokine mixture
is administered by perilymphatic injection.

37. The method of claim 17, wherein the cytokine mixture
is administered by bilateral perilymphatic injection.
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38. The method of claim 26, wherein said administering
step is defined as administering the cytokine mixture for at
least 1 to 20 days.

39. The method of claim 28, wherein said administering
step is further defined as administering the cytokine mixture
and the exogenous antigen on an approximately monthly
basis.

40. The method of claim 17, wherein said administering
step is defined as administering the cytokine mixture prior to
surgery, radiotherapy or chemotherapy, or combinations of
surgery, radiotherapy or chemotherapy.

41. The method of claim 17, wherein said administering
step is defined as administering the cytokine mixture fol-
lowing the recurrence of tumors.

42. The method of claim 17, further including the step of
administering an effective amount of cyclophosphamide
(CY).

43. The method of claim 17, further including the step of
administering an effective amount of a nonsteroidal anti-
inflammatory drug (NSAID) selected from the group con-
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sisting of indomethacin (INDO), Ibuprofen, celecoxib
(Celebrex®), rofecoxib (Vioxx®), Coxil inhibitors, and
combinations thereof.

44. A method of immunotherapy to treat cancer compris-
ing the step of administering an effective amount of a
cytokine mixture comprising IL.-1, IL-2, IT-6, IL-8, IFN-y,
and TNF-a, wherein the cytokine mixture acts as an adju-
vant and stimulates an immune response in the patient.

45. The method of claim 44, further comprising the step
of administering an effective amount of at least one exog-
enous cancer antigen to the patient.

46. The method of claim 44 or 45, wherein the cancer is
selected from the group consisting of squamous cell carci-
noma of the head and neck, prostate cancer, melanoma,
breast cancer, lymphoma, cervical cancer and hepatoma.

47. The method of claim 44 or 45, wherein the cancer is
squamous cell carcinoma of the head and neck.



