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IN VIVOAMELIORATION OF ENDOGENOUS ANTI-TUMOR AUTOANTIBODIES
TARGETING SURFACE TUMOR ANTIGENS VIA LOW-DOSE PsN

REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/317,189, filed on April 1, 2016, which is hereby incorporated by reference for all purposes

asif fully set forth herein.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

[0002] The instant application contains a Sequence Listing which has been submitted in
ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on March 24, 2017, isnamed P14094-02_ST25.txt and is 12,252 bytes
in size.

BACKGROUND OF THE INVENTION

[0003] Colorectal cancer (CRC) isthe second most prevalent cancer in the western world
and is also rapidly increasing in Asia (1). It iswell-known that multiple genetic events
involved in the development of this disease lead to the generation of tumor-associated
antigens (TAAS) against which. CRC patients develop autoantibodies (2). More than one
hundred TAASs have been identified by these endogenous antitumor autoantibodies (EAAS),
including 78 kDa glucose regulated protein (GRP78, also known as binding immunoglobulin
protein (BiP)), different mutant p53, carcinoembryonic antigen (CEA) and mucin 1 (MUCL)
(2). These autoantibody signatures have been proposed as biomarkers in the early detection of
CRC (3-5). Typicaly, these EAASs have not exerted asignificant effect on tumor elimination,
which may be dueto the immune tolerance induction by the tumor (6, 7). However,
extraction of EAASs from the sera of cancer patients to activate the humoral immune response
against some malignant tumors has been considered. A few EAAS selected from patients,
such as SC-1 (anti-CD55), PAM-1 (anti-CFRI; cysteine-rich fibroblast growth factor) and
PAT-SM6 (anti-GRP78), directly act against tumors and effectively kill them via antibody-
mediated cellular cytotoxicity (8). In addition, anatural human IgM anti-GPR78
autoantibody (PAT-SM6) selected from patients sera against the cell surface GRP78 protein
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provides therapeutic effects for cancer patients (9, 10). Although the therapeutic effects of
EAAs areill-defined, these studies still display their potential for clinical therapy by
activating humoral immune responses against cancer.

[0004] As an dternative, passive immune therapeutics comprising antibodies have been
used in clinically to directly induce apoptosis of tumor cells by ligating the targeted
molecules (11), or act as antagonists of tumor growth factors (12). Moreover, these passive
therapeutic antibodies trigger complement dependent cytotoxicity (CDC) or antibody
dependent cellular cytotoxicity (ADCC) (12, 13), promote phagocytosis by dendritic cells
(14), induce cross-talk among immune cells (NK and DCs), produce immunomodul atory
cytokines (type | and type Il interferons) (12), and enhance the cross-presentation of antigen
presenting cells (APC) for the priming of CD8+ cytotoxic T lymphocytes (12, 14). By these
reactions, passive therapeutic antibody drugs can be effective agents for tumor inhibition. The
effectiveness of therapeutic antitumor antibodies portends the potential of enhanced or
improved EAASs to function as effective therapeutic antitumor antibodies.

[0005] Recently, low-dose chemotherapy (metronomic chemotherapy) has been shown to
induce an antitumor immune response and enhance the efficacy of cancer therapy. For
example, the anti-microtubular taxanes (paclitaxel and docetaxel) were found to trigger the
production of cytokines by macrophages to activate other immune cells such as dendritic
cells (DC) (15), natura killer cells (NK) (16) and cytotoxic T lymphocytes (CTL) against
tumors (16, 17). Paclitaxel also reduced the number of regulatory T cells (Treg) and myeloid
derived suppressor cells (MDSC), and led to the augmentation of the functions of CD4 and
CD8 T cells (16, 17). In other cases, DNA akylating agents such as cyclophophamide and
mafosfamide in low doses selectively depleted Treg cells (18, 19), caused an increase in
TeffTreg ratios via up-regulation of the Thl7 pathway (20), and improved the outcome of
tumor vaccinations against cancer (21-23). Furthermore, doxorubicin, mitomycin C,
vinblastine and methotrexate in low doses all have been found to up-regulate DC maturation,
antigen processing and antigen presentation, which led to synergistic antitumor effects of low
dose chemotherapy combined with the DC vaccine (24-26). These various anti-tumor drugs
in low doses can induce cell-mediated immunity against tumors, but they have less of a
contribution to humoral immunity. Therefore, they have not been utilized to raise EAAs
against tumor growth in patients.

[0006] PAN, a derivative of Nordihydroguaiaretic acid (NDGA), anatural product from

the creosote bush, Larrea tridentate, is comprised of two phenolic rings connected by long



WO 2017/173022 PCT/US2017/024905

and flexible -CH2-CH2- linkers to piperidines (27). Like NDGA and its methylated
derivatives (28), PAN has shown noteworthy antivirus and anticancer effects via competition
with the transcription factor Spl for its DNA-binding site (29, 30). Although NDGA has been
shown to inhibit 5-lipoxygenase, suppress the production of leukotriene B4, and activate
macrophages, the immunoregulatory activity of P4AN is still unclear.

SUMMARY_ OF THE INVENTION

[0007] In accordance with the present invention, the immunoregulatory activity of low
doses of PAN was investigated. Unlike previously described antitumor drugs, low dose P4N,
in doses of about 1to 10 mg/kg, or at concentrations of about 10 to 100 nM, was surprisingly
found to contribute to humoral immunity by raising the titers and activities of autoantibodies
against GRP78 and FIFO ATP synthase on the surface of CT26 cells, and inducing B cell
proliferation and differentiation of plasma cells.

[0008] The present invention isthe first to show that low concentrations of the antitumor
drug, P4N, contributes to the growth inhibition of tumors, such as colorectal tumors, by
enhancing the production of endogenous autoantibodies. P4N not only enhanced the
proliferation of B cells which increased the titers of antibodies in sera (Fig. 3B), but it aso
increased the activities of anti-tumor autoantibodies (Fig. 15). Figure 3F shows that although
the titers of antitumor autoantibodies in PBS anti-sera, or PAN anti-sera were different, they
recognized the same antigens, GRP78 and FIFO ATP synthase, in the membrane fraction
(Fig. 3H), indicating that the better antitumor efficacy of PAN anti-sera did not result from
new antigen recognition, but it resulted instead from the improvement of the quantity and
quality of the antitumor autoantibodies.

[0009] Therefore, in accordance with one or more embodiments, the present inventors
now show that low dose P4N induces B cell proliferation by activating LTA4H which
enhances the production of leukotriene B4 and stimulates monocytes to release pro-
inflammatory cytokines. Inflammatory monocytes then release Activin A as an autocrine
signal to stimulate BAFF production via activation of the ALK4/Smad3 pathway and through
BAFF, B cell proliferation and activation is enhanced.

[0010] In accordance with an embodiment, the present invention provides a method for
inducing endogenous antitumor autoantibodies (EAA) in a subject having aneoplasia
comprising administering to the subject an effective amount of the nordihydroguaiaretic acid

(NDGA) derivative P4N, having the following formula
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Q i\«j} (P4N);

or sdlts, solvates and stereoisomers thereof.

[0011] In accordance with another embodiment, the present invention provides a method
for inducing B cell proliferation in asubject having aneoplasia comprising administering to
the subject an effective amount of the nordihydroguaiaretic acid (NDGA) derivative P4N,

having the following formula

(P4N);

or sdlts, solvates and stereoisomers thereof.

[0012] In accordance with afurther embodiment, the present invention provides a method
for inducing BAFF stimulated B cell proliferation in a subject having aneoplasia comprising
administering to the subj ect an effective amount of the nordihydroguaiaretic acid (NDGA)

derivative P4AN, having the following formula
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(P4N);

or salts, solvates and stereoisomers thereof.

[0013] In accordance with still another embodiment, the present invention provides a
method for suppressing or inhibition growth of aneoplasia in a subj ect having aneoplasia
comprising administering to the subject an effective amount of a pharmaceutical composition
comprising the nordihydroguaiaretic acid (NDGA) derivative P4N, having the following

formula:

( P4N);

or salts, solvates and stereocisomers thereof, and a pharmaceutically acceptable carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figures 1A-1C illustrate the antitumor effects of low dose P4N in immune
competent and deficient mice. (A) BALB/c (n=10/group) and nude mice (n=10/group)
bearing CT26 tumors were treated with a single intratumoral injection of 2.5 or 5 mg/kg of
P,N N. (B) B cell or CD8+ T cell depleted BALB/c mice (n=9/group) bearing CT26 tumors
were treated with 5 mg/kg of PAN by intratumoral injection every week. Tumor volumes

were measured every 2 days after treatments. Significant differences between the P4N groups
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and the PBS group were identified and labeled with *: p < 0.05 and **: p < 0.01. (C)
Immunohistochemistry staining was used to monitor the infiltrations of macrophage (F4/80),
DC (CD1lc), T (CD3) and B cdlls (CD20) in the tumor area after a single intratumoral
injection of PBS or 5 mg/kg of P4N. The photos are representative of the mice sacrificed on
day 7 after the treatments.

[0015] Figures 2A-2C show the effect of PAN-induced anti-sera on the formation of
pulmonary tumor nodules. (A) Metastatic CT26 tumor nodules in the lungs of mice with
different treatments (n = 5/group). (B) The number of lung metastases in each group were
counted and were expressed asthe mean £ SD (n = 5/group). (C) Mean surviva rate of mice
in each group (n=7/group) were calculated and plotted. Data were collected from two
independent experiments. Significant differences between the P4AN anti-sera group and the
PBS anti-sera group were determined and labeled with ** P < 0.01 or *** P < 0.001.

[0016] Figures 3A-3l depict the antitumor effect of PAN-induced anti-serum in
immunodeficient mice and the target antigens of the anti-serum. (A) Nude mice bearing
CT26 cell tumors (n=5/group) were treated with 100 pi of PBS, PBS anti-sera or PAN anti-
seraweekly. Tumor volumes were measured every 2 days after treatment. (B) The titers of
specific anti-CT26 or JC cell antibodies for the PBS anti-sera or P4N anti-sera on day 0, 17,
24 and 31 were measured. (C) The effects of PAN on the changes in the isotypes of specific
anti-CT26 cell antibodies were examined. The titers of these anti-sera (1600x dilution) were
measured for IgM, 1gGl, 1gG2a, 1gG2b or IgA. (D) Immunohistochemical analysis of anti-
sera bound to tumor antigens on the surface of CT26. Color development by HRP-conjugated
anti-mouse antibodies indicate the anti-sera antibody (E) Anti-sera binding to tumor antigens
on the surface of CT26 cells was indirectly detected with FITC-conjugated goat anti-mouse
IgG antibody. (F) The subcellular location of antigens recognized by the anti-sera was
monitored by confocal microscopy. Alexa Fluor-568-conjugated anti-mouse g antibodies
were used to display the presence of anti-sera (red). Alexa Fluor 488-ConA and DAPI were
used to indicate the cell membrane (green) and the cell nucleus (blue), respectively. (G) The
normal sera, PBS anti-sera or PAN anti-sera were used to probe western blots of membrane
proteins of extracted from CT26 cells. Two bands, protein a (78 kDa) and protein b (55 kDa)
were visualized: E-cadherin proteins were used as aloading control. (H) Normal sera, PBS
anti-sera or PAN anti-sera were used in a co-immunoprecipitation assay. The co-precipitated
proteins were analyzed by SDS-PAGE. Protein bands were visualized by Coomassie blue

staining. Proteins aand b are indicated by an arrow. (1) Proteins aand b were analyzed by
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UPLC/HRMS/MS. Peptides identical tothe partial protein sequences of GRP78 and ATP
synthase are labeled in blue. For all results, significant differences between the PAN anti-sera
group and the PBS anti-sera group were calculated and labeled with * p< 0.05.

[0017] Figure 4 shows the gene expression profiles of PAN treated THP-1 cells. cDNA
microarrays probed with mRNA from untreated or PAN-treated cells were analyzed and 26
up-regulated genes involved in cytokine-cytokine interaction and 10 up-regulated genes
involved in cell proliferation highlighted (KEGG Pathway, Gene Ontology panels).

[0018] Figures 5A-5F depict the expression of Activin A/BAFF induced by P4N
treatments. (A) P4N induced Activin A or BAFF expression in human PBMCs as determined
by RT-PCR. S1-S5 display different individual blood samples collected from 5 different
human donors; N, no treatment; P, PAN-treatment (3pM). The change in Activin A and BAFF
expression(mean of 5 patients) relative to the control (NC) is plotted as a histogram (B) The
effect of increasing dosages of P4AN for 12 h on mRNA and protein levels of Activin A or
BAFF in THP-1 cells was analyzed by RT-PCR and ELISA. (C) The effect of 6 uM P,N on
MRNA and protein levels of Activin A or BAFF in THP-1 cells was determined at a different
time period. (D) The effect of different inhibitors on Activin A-induced BAFF expression
was examined. The expression of BAFF mRNA in inhibitor-treated THP-1 cells was
determined by RT-PCR, and (E) BAFF protein secretion was measured by ELISA. (F) The
effect of THP-1 conditioned media on the proliferation of Raji cells and OKT3 hybridoma
cells were determined. Media were harvested, in which THP-1 cells were pre-treated without
inhibitor (2) or with SB431542 (3), A83-01 (4), SIS3 (5), SB203580 (6) or PD98059 (7) and
then treated with PAN for 12 h. The results are expressed as % viable cells relative to the
control (NC, media from untreated THP-1 cells). All values are the means of triplicate

samples + SEM. The significant differences in the results of inhibitor and PAN-treated groups

compared with the untreated group are indicated by ***P<0.001.

[0019] Figures 6A-6E show P4N directly regulated LTA4H to induce monocyte
inflammation. (A) P4N (orange) was docked with LTA4H by iGEMDOCK software
(gemdock.life.nctu.edu. tw/dock/igemdock.php). RB3041 (Pink) is asmall molecule inhibitor
that identifies the active site of LTA4H. The amino acids that potentially interact with P4AN
are noted. The effects of PAN and bestatin on monocytes and their expression of (B) LTB4,
(C) TNF-a, (D) IL-8, or (E) Activin A were determined and shown for different times. All
values were expressed asthe mean = SEM. **P<0.05, group P4N vsgroup (P4N + bestatin).
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[0020] Figure 7 depicts the expression of TNF-a and IL-8 in the tumors.
Immunohistochemistry staining was used to monitor the expression of TNF- a and IL-8 in the
tumor area after asingle intratumoral injection of PBS or 5 mg/kg of PAN. The photos are
representative of the mice sacrificed on day 7 after the treatments.

[0021] Figure 8 shows the effect of PBS anti-sera and P4AN anti-sera on cell proliferation
in CT-26 cells. The proliferation of CT-26 cells treated with 1, 2, 4 or 8 i sera was analyzed
by MTT assay. De-anti-CT26 Abs sera: the anti-CT-26 autoantibodies from P4N anti-sera
were pre-subtracted by CT-26 cells binding. The data are reported asthe proliferation index.
Significant differences between the PAN-treated groups and the untreated group were
indicated by * (p<0.05) (n=5).

[0022] Figures 9A-9F show the effect of PAN on B cell activation. (A) The proliferation
of human PBMCs treated with different doses PAN was analyzed by MTT assay. The data are
reported asthe proliferation index. Significant differences between the PAN -treated groups
and the untreated group were indicated by * (p<0.05) (n=4). (B) The effect of PAN on B cell
proliferation was determined by flow cytometry. PBMCs from six healthy individuals were
examined, and the results displayed with different colors. (C) The effects of PAN on the
changes in total B, naive B or activated B cells anong mouse splenocytes in vitro. Significant
differences in the results of PAN treatments compared with untreated results are indicated by
** (p<0.01) (n=3). (D) The effect of PAN treatment on specific antibody production in
antigen-immunized mice was monitored. The titers of total specific EGFP Ig's in sera were
measured by ELISA (n=5). (E) The effect of PAN treatment on the changes in antibody
classes was examined (n=5). (F) The changes in B cell types after antigen immunization with
PAN. All values (n=3) were expressed as mean + SEM a the same dilutions. The significant
differences in the results of PAN-treated groups compared with the untreated group are
indicated by *P<0.05, **P<0.01 or ***P<0.001.

[0023] Figure 10 depicts the effects of PAN on cell proliferation. Human B or T cells were
isolated from the PBMCs by negative selection using a magnetic sorting device (Miltenyi
Biotec, Auburn, CA). Cell proliferation was determined by an MTT assay.

[0024] Figure 11 shows cytokine and chemokine profiles of PANtreated PBMC. PBMCs
isolated from 7 healthy donors were treated with 3 uM of PAN for 48 h. Supernatants were
collected and analyzed for human cytokines using the Bio-Plex assay. Shown are the changed

results of the production of 27 human cytokines when PBMCs were treated with PAN in three
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independent experiments. The levels of IL-4, IL-5, IL-7, IL-9, Eotaxin and FGF were
undetectable.

[0025] Figure 12 shows cytokine and chemokine profiles of P4AN treated THP-1. THP-1
cells were treated with 3 uM of P4N or the vehicle control (NC) for 24 h. Supematants were
collected and analyzed using the Bio-Plex assay for human cytokines. Shown are the
concentrations of 27 human cytokines for each treatment from three independent
experiments. The levels of IL-2, IL-4, IL-6, IL-7, IL-9, IL13, IL-15, Eotaxin, G-CSF, IFN-

y and PDGF-bb were undetectable.

[0026] Figure 13 provides graphs showing P4N-induced pro-inflammatory cytokine
production in THP-Icells. THP-1 cells were treated with 3 uM P4N for different lengths of
time, Cell supematants were collected and TNF-a, IL-1p and IL-8 quantitated by ELISA. All
results are the mean of three independent experiments (n=6).

[0027] Figures 14A-14C depict P4N-induced mouse B cell proliferation viathe Activin
A/BAFF pathway. (A) The proliferation of PAN-treated splenocytes. Splenocytes isolated
from three mice were individually treated with increasing concentrations of P4N for 48h and
their proliferation was analyzed by MTT assay. The data are reported asthe proliferation
index. The results that differ significantly from the untreated group are indicated by
*(£><0.05) (n=6). (B)The proliferation of B cells in mouse splenocytes treated with low doses
of PAN. After treatment with P4AN for 48h, B-cells were identified by CD 19 surface marker
staining and the cell number was calculated following aflow cytometer analysis. The results
that differ significantly from the untreated group are indicated by *(/j<0.05) (n=6).(C) P4N
enhanced Activin A and BAFF expression in mouse splenocytes. Levels of Activin A and
BAFF transcripts were measured by RT-PCR., Each sample obtained from 3 different mice;
N, no treatment; P, PAN-treatment.

[0028] Figure 15 is agraph showing the affinities of anti-sera against CT-26 cells after
different lengths of incubation. Tumor antigens on the surface of CT26 cells were indirectly
probed with PAN and PBS anti-sera and FITC-conjugated goat anti-mouse IgG antibody. The

specific fluorescent activities were measured by flow cytometry.

DETAILED DESCRIPTION OF THE INVENTION

[0029] In accordance with an embodiment, the present invention provides the present

invention provides amethod for inducing endogenous antitumor autoantibodies (EAA) in a
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subject having aneoplasia comprising administering to the subject an effective amount of a

nordihydroguaiaretic acid (NDGA) derivative of formula:

Rj;
CH;

CH;
(D:;

wherein Ri, R2, R3and R4 independently represent hydroxy, a straight or branched chain
lower alkyl or alkoxy, an amino acid residue, a substituted amino acid residue, anitrogen-
containing 5- or 6-membered heterocyclic ring or a saccharide residue; the amino acid
residue, substituted amino acid residue, nitrogen-containing 5 or 6 membered heterocyclic
ring or saccharide residue being optionally joined to the phenyl ring by alinker of an oxygen
atom and 1-10 carbon atoms.

[0030] In accordance with an embodiment, the derivative of NDGA used in the methods
of the present invention iswhere Ri, R2, R3and R4 each are 2-(piperidino)ethoxyphenyl
groups. The compound P4N (tetrapiperidino NDGA, meso-2,3-dimethyl-l,4-bis(3,4-[2-
(piperidino)ethoxyphenyl])butane tetrakishydrochloride salt) has the following formula:

O <:> (PsN).

[0031] The synthesis of PAN is detailed in U.S. Patent No. 7,741,357, issued June 22,
2010 and incorporated by reference herein.
[0032] In accordance with an embodiment, the present invention provides a method for

inducing endogenous antitumor autoantibodies (EAA) in a subject having aneoplasia
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comprising administering to the subject an effective amount of the nordihydroguaiaretic acid

(NDGA) derivative P4N, having the following formula:

iﬁl
IS
O U

or salts, solvates and stereoisomers thereof.

—_

&t"“‘“\w@g{;&m

QLA

o ﬁ\x""\"\, “‘e”L'J

[0033] In accordance with another embodiment, the present invention provides a method
for inducing B cell proliferation in a subject having aneoplasia comprising administering to
the subject an effective amount of the nordihydroguaiaretic acid (NDGA) derivative P4N,

having the following formula:

(PaN);

or salts, solvates and stereoisomers thereof.

[0034] In accordance with afurther embodiment, the present invention provides a method
for inducing BAFF stimulated B cell proliferation in a subject having aneoplasia comprising
administering to the subj ect an effective amount of the nordihydroguaiaretic acid (NDGA)

derivative P4N, having the following formula:
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(PaN);

or salts, solvates and stereoisomers thereof.

[0035] In accordance with still another embodiment, the present invention provides a
method for suppressing or inhibition growth of aneoplasia in a subject having aneoplasia
comprising administering to the subject an effective amount of a pharmaceutical composition
comprising the nordihydroguaiaretic acid (NDGA) derivative P4N, having the following

formula:

"‘\“ e «“\ﬂ#«u \?

O O

or salts, solvates and stereoisomers thereof, and a pharmaceutically acceptable carrier.

[0036] Included within the compounds of the present invention are the tautomeric forms
of the disclosed compounds, isomeric forms including diasterecisomers, and the
pharmaceutically-acceptable salts thereof. The term "pharmaceutically acceptable salts”
embraces salts commonly used to form alkali metal salts and to form addition salts of free
acids or free bases. Examples of acids which may be employed to form pharmaceutically
acceptable acid addition salts include such inorganic acids as hydrochloric acid, sulphuric
acid and phosphoric acid, and such organic acids as maleic acid, succinic acid and citric acid.
Other pharmaceutically acceptable salts include salts with alkali metals or alkaline earth
metals, such as sodium, potassium, calcium and magnesium, or with organic bases, such as

dicyclohexylamine. Suitable pharmaceutically acceptable salts of the compounds of the
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present invention include, for example, acid addition salts which may, for example, be
formed by mixing a solution of the compound according to the invention with a solution of a
pharmaceutically acceptable acid, such as hydrochloric acid, sulphuric acid,
methanesulphonic acid, fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid,
oxalic acid, citric acid, tartaric acid, carbonic acid or phosphoric acid. All of these salts may
be prepared by conventional means by reacting, for example, the appropriate acid or base
with the corresponding compounds of the present invention.

[0037] Salts formed from free carboxyl groups can aso be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such
organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine,
and the like.

[0038] For use in medicines, the salts of the compounds of the present invention should
be pharmaceutically acceptable sdlts. Other salts may, however, be useful in the preparation
of the compounds according to the invention or of their pharmaceuticaly acceptable salts.
[0039] In addition, embodiments of the invention include hydrates of the compounds of
the present invention. The term "hydrate” includes but isnot limited to hemihydrate,
monohydrate, dihydrate, trihydrate and the like. Hydrates of the compounds of the present
invention may be prepared by contacting the compounds with water under suitable conditions
to produce the hydrate of choice.

[0040] With respect to the pharmaceutical compositions described herein, the carrier can
be any of those conventionally used, and islimited only by physico-chemical considerations,
such as solubility and lack of reactivity with the active compound(s), and by the route of
administration. The carriers described herein, for example, vehicles, adjuvants, excipients,
and diluents, are well-known to those skilled in the art and are readily available to the public.
Itis preferred that the carrier be one which is chemically inert to the active agent(s), and one
which has little or no detrimental side effects or toxicity under the conditions of use.
Examples of the carriers include solid compositions such as solid-state carriers or latex beads.
[0041] Solid carriers or diluents include, but are not limited to, gums, starches (e.g., corn
starch, pregelatinized starch), sugars (e.g., lactose, mannitol, sucrose, dextrose), cellulosic
materials (e.g., microcrystalline cellulose), acrylates (e.g., polymethylacrylate), calcium
carbonate, magnesium oxide, talc, or mixtures thereof.

[0042] The choice of carrier will be determined, in part, by the particular pharmaceutical

composition, aswell as by the particular method used to administer the composition.
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Accordingly, there are avariety of suitable formulations of the pharmaceutical composition
of the invention.

[0043] In accordance with an embodiment, the present invention provides a use of the
pharmaceutical compositions disclosed herein in an amount effective for use in a
medicament, and most preferably for use as amedicament for treating a disease or disorder
associated with aneoplastic disease in a subject.

[0044] The compound and compositions used in the methods of the present invention can
be used to treat avariety of tumors and cancers, including, without limitation, hematological
malignancies such as acute lymphoblastic leukemia, acute myeloid leukemia, chronic
lymphocytic leukemia, chronic myelogenous leukemia, childhood acute leukemia, non-
Hodgkin's lymphoma, chronic lymphocytic leukemia, malignant cutaneous T-cells, mycosis
fungoides, non-MF cutaneous T-cell lymphoma, lymphomatoid papulosis, T-cell rich
cutaneous lymphoid hyperplasia, bullous pemphigoid, discoid lupus erythematosus, lichen
planus, adrenocortical carcinoma, anal cancer, astrocytoma, bile duct cancer, bladder cancer,
bone cancer osteosarcoma/malignant fibrous histiocytoma, neurological malignancies such as
neuroblastoma, glioblastoma, astrocytoma, gliomas, brain stem glioma, brain tumor
ependymoma, brain tumor medulloblastoma, neuroblastoma glioblastoma, breast cancer,
carcinoid tumor gastrointestinal, carcinoma adrenocortical, carcinoma islet cell, cervical
cancer, clear cell sarcoma of tendon sheaths, colon cancer, cutaneous T-cell lymphoma,
endometrial cancer, epithelial cancer ovarian, esophageal cancer, Ewing's family of tumors,
extragonadal germ cell tumor, extrahepatic bile duct cancer, eye cancer, intraocular
melanoma, ductal cancer, eye cancer retinoblastoma, dysplastic oral mucosa, invasive oral
tumor, gallbladder cancer, gastric (stomach) cancer, gastrointestina carcinoid tumor, germ
cell tumor extragonadal, germ cell tumor, ovarian tumor, gestational trophoblastic tumor,
glioblastoma, glioma, hairy cell leukemia, hepatocellular (liver) cancer, Hodgkin's
lymphoma, hypopharyngea cancer, intraocular melanoma, idlet cell carcinoma (endocrine
pancreas), Kaposi's sarcoma, laryngeal cancer, leukemia acute lymphoblastic cancer,
leukemia acute myeloid cancer, leukemia chronic lymphocytic cancer, leukemia chronic
myelogenous cancer, leukemia hairy cell cancer, liver cancer, non-small cell lung cancer,
small cell lung cancer, male breast cancer, malignant mesothelioma, medulloblastoma,
melanoma, merkel cell carcinoma, multiple endocrine neoplasia syndrome, mycosis
fungoides, myeloma multiple, nasal cavity, paranasal and sinus cancer, nasopharyngeal

cancer, neuroblastoma, oral cavity and lip cancer, oropharyngea cancer,
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osteosarcoma/malignant fibrous histiocytoma of bone, ovarian epithelial cancer, ovarian
germ cell tumor, pancreatic cancer, parathyroid cancer, penile cancer, pheochromocytoma,
pineal and supratentorial primitive neuroectodermal tumors, pituitary tumor,
pleuropulmonary blastoma, prostate cancer, rectal cancer, renal, pelvis and ureter transitional
cell cancer, retinoblastoma, rhabdomyosarcoma, salivary gland cancer, sarcoma soft tissue
adult, Sezary syndrome, skin cancer, small intestine cancer, stomach (gastric) cancer,
testicular cancer, thymoma, thyroid cancer, urethral cancer, transitional and squamous cell
urinary carcinoma, gynecological cancer such as cervical cancer ovarian cancer, uterine
cancer, endometrial cancer, vaginal cancer, vulvar cancer, Waldenstrom's
macroglobulinemia, and Wilms' tumor, testicular tumors; liver tumors including
hepatocellular carcinoma ("HCC") and tumor of the biliary duct; multiple myelomas; tumors
of the esophageal tract; other lung tumors including small cell and clear cell; Hodgkin's
lymphomas; sarcomas in different organs; as well asthose mentioned above, as well as micro
and macro metastases, and the like.

[0045] Asused herein, the term "micrometastases’ means asmall collection of cancer
cells that have been shed from the original tumor and spread to another part of the body. They
cannot be seen with any imaging tests such as amammogram, MRI, ultrasound, PET, or CT
scans.

[0046] Asused herein, the term "macrometastases’ means alarger collection of cancer
cells that have been shed from the original tumor and spread to another part of the body, and
are capable of being detected either visually, or with the aid of any imaging tests such as a
mammogram, MRI, ultrasound, PET, or CT scans.

[0047] In apreferred embodiment, the methods of the present invention can be used to
treat colorectal cancer.

[0048] It will be understood to those of skill in the art that the term "therapeutic agent” is
any agent capable of affecting the structure or function of the body of a subject or is an agent
useful for the treatment or modulation of a disease or condition in a subject suffering
therefrom. Examples of therapeutic agents can include any drugs known in the art for
treatment of disease indications.

[0049] An active agent and abiologically active agent are used interchangeably herein to
refer to achemical or biologica compound that induces a desired pharmacological and/or
physiological effect, wherein the effect may be prophylactic or therapeutic. The terms also

encompass pharmaceutically acceptable, pharmacologically active derivatives of those active
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agents specifically mentioned herein, including, but not limited to, salts, esters, amides,
prodrugs, active metabolites, analogs and the like. When the terms "active agent,"
"pharmacologically active agent” and "drug" are used, then, it isto be understood that the
invention includes the active agent per se, as well as pharmaceutically acceptable,
pharmacologically active salts, esters, amides, prodrugs, metabolites, analogs etc.

[0050] Specific examples of useful biologically active agents the above categories
include: anti-neoplastics such as androgen inhibitors, antimetabolites, cytotoxic agents, and
immunomodulators. Antineoplastic agents can include, for example, akylating agents,
nitrogen mustard alkylating agents, nitrosourea akylating agents, antimetabolites, purine
analog antimetabolites, pyrimidine analog antimetabolites, hormonal antineoplastics, natural
antineoplastics, antibiotic natural antineoplastics, and vinca akaloid natural antineoplastics.
Further examples can include alkylating antineoplastic agents, such as carboplatin and
cisplatin; nitrosourea akylating antineoplastic agents, such as carmustine (BCNU);
antimetabolite antineoplastic agents, such as methotrexate; pyrimidine analog antineoplastic
agents, such as fluorouracil (5-FU) and gemcitabine; hormonal antineoplastics, such as
goserelin, leuprolide, and tamoxifen; natural antineoplastics, such as aldesleukin, interleukin-
2, docetaxel, etoposide, interferon; paclitaxel, other taxane derivatives, and tretinoin (ATRA);
antibiotic natural antineoplastics, such as bleomycin, dactinomycin, daunorubicin,
doxorubicin, and mitomycin; and vinca alkaloid natural antineoplastics, such asvinblastine
and vincristine.

[0051] In afurther embodiment, the compositions and methods of the present invention
can be used in combination with one or more additional therapeutically active agents which
are known to be capable of treating conditions or diseases discussed above. For example, the
compositions of the present invention could be used in combination with one or more known
therapeutically active agents, totreat aproliferative disease such as atumor or cancer. Non-
limiting examples of other therapeutically active agents that can be readily combined in a
pharmaceutical composition with the compositions and methods of the present invention are
enzymatic nucleic acid molecules, alosteric nucleic acid molecules, antisense, decoy, or
aptamer nucleic acid molecules, antibodies such as monoclonal antibodies, small molecules,
and other organic and/or inorganic compounds including metals, salts and ions.

[0052] Asused herein, the term "subject” refersto any living mammal, including, but not
limited to, mammals of the order Rodentia, such as mice and hamsters, and mammals of the

order Logomorpha, such as rabbits. It is preferred that the mammals are from the order
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Carnivora, including Felines (cats) and Canines (dogs). Itismore preferred that the
mammals are from the order Artiodactyla, including Bovines (cows) and Swines (pigs) or of
the order Perssodactyla, including Equines (horses). Itis most preferred that the mammals
are of the order Primates, Ceboids, or Simoids (monkeys) or of the order Anthropoids
(humans and apes). An especialy preferred mammal isthe human.

[0053] The dose of the compositions of the present invention also will be determined by
the existence, nature and extent of any adverse side effects that might accompany the
administration of aparticular composition. Typically, an attending physician will decide the
dosage of the pharmaceutical composition with which totreat each individual subject, taking
into consideration avariety of factors, such as age, body weight, general health, diet, sex,
compound to be administered, route of administration, and the severity of the condition being
treated.

[0054] In accordance with an embodiment of the present invention, it was found that use
of low doses of P4N, dose that were not cytotoxic to cancer cells directly in animal or cell
based assays, could induce EAA and suppress tumor growth in asubject. By way of
example, and not intending to limit the invention, the dose of the pharmaceutical
compositions of the present invention can be about 0.1to about 10 mg/kg body weight of the
subject being treated, from about 1to about 8 mg/kg body weight, from about 2.5 mg/kg to
about 10 mg/kg, and from about 0.5 mg to about 5 mg/kg body weight.

[0055] The dose of the compositions of the present invention also will be determined by
the existence, nature and extent of any adverse side effects that might accompany the
administration of aparticular composition. Typically, an attending physician will decide the
dosage of the pharmaceutical composition with which totreat each individual subject, taking
into consideration avariety of factors, such as age, body weight, general health, diet, sex,
compound to be administered, route of administration, and the severity of the condition being
treated.

[0056] Asused herein, the terms "effective amount” or "sufficient amount” are
equivalent phrases which refer tothe amount of atherapy (e.g., a prophylactic or therapeutic
agent), which is sufficient to induce EAA to aneoplasia in a subject and thereby reduce the
severity and/or duration of adisease, ameliorate one or more symptoms thereof, prevent the
advancement of adisease or cause regression of adisease, or which is sufficient to result in
the prevention of the development, recurrence, onset, or progression of adisease or one or

more symptoms thereof, or enhance or improve the prophylactic and/or therapeutic effect(s)
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of another therapy (e.g., another therapeutic agent) useful for treating a disease, such as a
neoplastic disease or tumor.

[0057] Pharmaceutical compositions in accordance with the invention are useful for
diagnosis, prognosis, prophylaxis or treatment of a condition. Accordingly, compositions in
accordance with the invention are useful as a drug or asinformation for structural
modification of existing compounds, e.g., by rational drug design. Compounds and methods
of the invention are useful for screening compounds having an effect on avariety of
conditions.

[0058] For therapeutic uses, the compositions or agents identified using the methods
disclosed herein may be administered systemically, for example, formulated in a
pharmaceutically-acceptable buffer such as physiological saline. Preferable routes of
administration include, for example, subcutaneous, intravenous, intraperitoneally,
intramuscular, or intradermal injections that provide continuous, sustained levels of the drug
in the patient. Treatment of human patients or other animals are generally carried out using a
therapeutically effective amount of atherapeutic of the invention in aphysiologically-
acceptable carrier. Suitable carriers and their formulation are described, for example, in
Remington's Pharmaceutical Sciences by E. W. Martin.

[0059] The amount of the therapeutic agent to be administered varies depending upon the
manner of administration, the age and body weight of the subject/patient, and with the
subject's symptoms and condition. A compound is administered a a dosage that best achieves
medical goals with the fewest corresponding side effects.

[0060] The pharmaceutical compositions of this invention including biologically active
fragments, variants, or analogs thereof, can be administered by any suitable routes including
intracranial, intracerebral, intraventricular, intrathecal, intraspinal, oral, topical, rectal,
transdermal, subcutaneous, intravenous, intramuscular, intranasal, and the like. In one
embodiment, the compositions are added to aretained physiological fluid, such as
cerebrospina fluid, blood, or synovial fluid. The compositions of the invention can be
amenable to direct injection or infusion at a site of disease or injury.

[0061] Asnoted above, compositions of the invention can be administered parenterally
by injection, infusion or implantation (subcutaneous, intravenous, intramuscular,
intraperitoneal, or the like) in dosage forms, formulations, or via suitable delivery devices or
implants containing conventional, non-toxic pharmaceuticaly acceptable carriers and

adjuvants. The formulation and preparation of such compositions are well known to those
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skilled in the art of pharmaceutical formulation. Formulations can be found in Remington:
The Science and Practice of Pharmacy, cited herein.

[0062] For example, pharmaceutical compositions according to the invention may bein
the form suitable for sterile injection. To prepare such a composition, the compositions(s) are
dissolved or suspended in a parenterally acceptable liquid vehicle. Among acceptable
vehicles and solvents that may be employed are water, water adjusted to a suitable pH by
addition of an appropriate amount of hydrochloric acid, sodium hydroxide or a suitable
buffer, 1,3-butanediol, Ringer's solution, and isotonic sodium chloride solution and dextrose
solution. The agueous formulation may also contain one or more preservatives (e.g., methyl,
ethyl or n-propyl p-hydroxybenzoate).

[0063] Suitable dosage forms can be formulated for, but are not limited to, oral, rectal,
sublingual, mucosal, nasal, ophthalmic, subcutaneous, intramuscular, intravenous,
transdermal, spinal, intrathecal, intra-articular, intra-arterial, sub-arachinoid, bronchial,
lymphatic, and intra-uterille administration, and other dosage forms for systemic delivery of
active ingredients. In apreferred embodiment, the dosage form is suitable for injection or
intravenous administration.

[0064] To prepare such pharmaceutical dosage forms, one or more of the aforementioned
compounds are intimately admixed with a pharmaceutical carrier according to conventional
pharmaceutical compounding techniques. The carrier may take awide variety of forms
depending on the form of preparation desired for administration.

[0065] For parenteral formulations, the carrier will usually comprise sterile water, though
other ingredients, for example, ingredients that aid solubility or for preservation, may be
included. Injectable solutions may aso be prepared in which case appropriate stabilizing
agents may be employed.

[0066] In preparing the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed. Thus, for liquid ora preparations, such as, for
example, suspensions, elixirs and solutions, suitable carriers and additives include water,
glycols, oils, acohols, flavoring agents, preservatives, coloring agents and the like. For solid
oral preparations such as, for example, powders, capsules and tablets, suitable carriers and
additives include starches, sugars, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like. Due to their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form. If desired, tablets may be sugar

coated or enteric coated by standard techniques.
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[0067] Compositions for parenteral use may be provided in unit dosage forms (e.g., in
single-dose ampules), or in vials containing several doses and in which a suitable preservative
may be added. The composition may bein the form of asolution, a suspension, an emulsion,
an infusion device, or adelivery device for implantation, or it may be presented as adry
powder to be reconstituted with water or another suitable vehicle before use. The composition
may include suitable parenterally acceptable carriers and/or excipients.

[0068] In one approach, atherapeutic of the invention is provided within an implant, such
as an osmotic pump, or in agraft comprising appropriately transformed cells. Methods of
introduction may also be provided by rechargeable or biodegradable devices. Various sow
release polymeric devices have been developed and tested for the controlled delivery of
drugs, including proteinacious biopharmaceuticals. A variety of biocompatible polymers
(including hydrogels), including both biodegradable and non-degradable polymers, can be
used to form an implant for the sustained release of abioactive factor a a particular target
site.

[0069] Generally, the amount of administered agent of the invention (dosage) will be
empirically determined in accordance with information and protocols known in the art.

[0070Q] Compositions of the invention can comprise various pharmaceutically acceptable
salts, ether derivatives, ester derivatives, acid derivatives, and aqueous solubility altering
derivatives of the active compound. The present invention can comprise al individual
enantiomers, diastereomers, racemates, and other isomer of compounds of the invention. The
invention also includes al polymorphs and solvates, such as hydrates and those formed with
organic solvents, of this compound. Such isomers, polymorphs, and solvates may be prepared
by methods known in the art, such as by regiospecific and/or enantioselective synthesis and
resolution, based on the disclosure provided herein.

[0071] Suitable salts of the compound include, but are not limited to, acid addition salts,
such asthose made with hydrochloric, hydrobromic, hydroiodic, perchloric, sulfuric, nitric,
phosphoric, acetic, propionic, glycolic, lactic pyruvic, malonic, succinic, maleic, fumaric,
malic, tartaric, citric, benzoic, carbonic cinnamic, mandelic, methanesulfonic, ethanesulfonic,
hydroxyethanesulfonic, benezenesulfonic, p-toluene sulfonic, cyclohexanesulfamic,
sdlicyclic, p-aminosalicylic, 2-phenoxybenzoic, and 2-acetoxybenzoic acid; salts made with
saccharin; alkali metal salts, such as sodium and potassium salts; alkaline earth metal salts,
such as calcium and magnesium salts; and salts formed with organic or inorganic ligands,

such as quaternary ammonium salts.
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[0072] Additional suitable salts include, but are not limited to, acetate, benzenesulfonate,
benzoate, bicarbonate, bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate,
carbonate, chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate,
fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate,

[0073] hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide,
isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, mesylate,
methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N-methylglucamine
ammonium salt, oleate, pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate,
polygaacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, teoclate,
tosylate, triethiodide and valerate salts of the compound of the present invention.

[0074] Prodrugs and active metabolites of compounds of the invention are also within the
scope of the invention.

[0075] A prodrug is apharmacologically inactive compound that is converted into a
pharmacologically active agent by ametabolic transformation. In vivo, aprodrug is acted on
by naturally occurring enzyme(s) resulting in liberation of the pharmacologically active
agent. Conventional procedures for the selection and preparation of suitable prodrug
derivatives are described, for example, in "Design of Prodrugs’, ed. H. Bundgaard, Elsevier,
1985.

[0076] An active metabolite is acompound which results from metabolism of another
compound after administration of the latter to a subject. Metabolites can beidentified by
techniques well-known in the art.

[0077] It is aso contemplated that in an embodiment of the present invention, the
methods of treatment disclosed herein are useful against many mammalian tumors, including,
for example, breast cancer, prostate cancer, pancreatic cancer, colon cancer, hepatoma,
glioblastoma, ovarian cancer, leukemia, Hodgkin's lymphoma and multiple myeloma.

[0078] It will be understood by those of ordinary skill in the art that the term "tumor" as
used herein means aneoplastic growth which may, or may not be malignant. Additionally,
the compositions and methods provided herein are not only useful in the treatment of tumors,
but in their micrometastses and their macrometastses. Typically, micrometastasis is aform of
metastasis (the spread of a cancer from its original location to other sites in the body) in
which the newly formed tumors are identified only by histologic examination;
micrometastases are detectable by neither physical exam nor imaging techniques. In contrast,

macrometastses are usually large secondary tumors.
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[0079] In accordance with an embodiment, the present invention provides compositions
and methods for the prevention and/or treatment of tumors, and their micrometastses and
their macrometastses.

[0080] Without stimulation of antigen, B cells can't be activated and differentiate into
plasma cells. In such condition, PAN causes B cell proliferation and these proliferative B cells
will arrest at the state of naive B cell (Fig. 9B and C). With stimulation of antigen and the
help of CD4+T cell, these proliferative B cells by PAN will be activated and differentiating
into plasma cells (Fig. 9F). Thus, the inventors have shown that the promotion of EAA
production by P4AN treatments is due to PAN-accelerated B cell proliferation and
differentiation to plasma cells (Fig 9F). PAN-induced B cell proliferation requires BAFF
expression (Fig 5), which isinduced by Activin A through the ALK4/Smad3 signaling
pathway. Similarly, Kim etal. found that Activin A can increase BAFF promoter activity and
transcription viathe ALK4-Smad3 pathway in mice APCs (31). The finding that PAN-induced
Activin A isinvolved in the stimulation of B cell proliferation isin accord with the report by
Ogawa K . and co-workers that shows that LPS-induced Activin A can directly or indirectly
increase B cell proliferation and Ig production (34). Other reports have shown that Activin A
induces growth arrest and apoptosis in B cell-derived cells and hybridomas (35, 36). Activin
A-induced apoptosis of B cells relies on the regulation of Bel-family gene expression (37,
38). Although Activin A may cause B cell apoptosis, BAFF can up-regulate the expression of
Bcl-2a and down-regulate the expression of BIM for B cell survival (39). Our data indicates
that, PAN-induced B cell proliferation isthe result of BAFF directly stimulating the growth of
B cells and preventing Activin A-induced B cell apoptosis.

[0081] P4AN improved the quality of the EAA response by inducing Ig class switching
from IgM to I1gGl and IgA (Fig. 3C and Fig. 9E), and it enhanced their binding affinities
(Fig. 15). Inthe body, 1gGl and IgA easily diffuse into extravascular sitesto access antigens,
and have agreater efficacy for activating the complement system. Moreover, 1gGl aso has a
longer half-life in the blood and can efficiently sensitize NK cells for killing. Thus, the PAN
induced class-switch may be one of the reasons that the PAN anti-sera cause more efficient
suppression of tumor growth than PBS anti-sera. Another reason may be that PAN enhances
the process of somatic hypermutation in B cells that causes the antitumor autoantibodies in
P4N anti-sera to have higher antigen binding affinities than those in PBS anti-sera, which
results in the antitumor autoantibodies being able to stably bind on the tumor surfaceto

trigger more efficient CDC or ADCC. The mechanisms of the PAN-induced Ig class switch
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and somatic hypermutation involve the Activin A stimulated monocyte release of BAFF via
the ALK4/Smad3 pathway (Fig. 5). BAFF up-regulates the expression of the transcription
factor Pax5/BSAP, which sequentially increases the transcription of activation-induced
cytidine deaminase (AID), an RNA editing enzyme responsible for IgH class switch
recombination and somatic hypermutation (40-43). Moreover, class switch recombination
must be supported by GLTs splicing, which are involved in recruiting AID to Sregions.
Activin A aso has been reported to induce the class switching of Igto IgA and 1gG2b in B
cells through Smad2/3 signaling by up-regulating the expression of Ig germline transcript

a (GLTa) and post-switch transcript a (PSTa) (44). By these mechanisms, P4N could
promote B cell proliferation, differentiation and function to produce higher titer and higher
affinity autoantibodies against tumor growth.

[0082] In accordance with the inventive methods, P4N directly interacted with and
activated LTA4H to produce LTB4 (Fig. 6) and induce monocytes to release pro-
inflammatory cytokines and chemokines (Fig. 12). Subsequently, Activin A stimulated
monocytes in an autocrine manner to release BAFF viathe ALK4/Smad3 pathway and
activated B cells (Fig. 5). According to the docking results, this unique function of PAN might
be aresult of its structure (Fig. 6A). Unlike NDGA, which inhibits LTB4 production (32), the
NDGA derivative P4N binds differently to LTA4H and acts as an activator and immune
mediator to produce more LTB4 (Fig. 6B). LTB4 istransported out of the cells and binds to
leukotriene B4 receptors expressed primarily in leukocytes and mediates the monocytic up-
regulation of TNF-a, IL-1p and IL-6 (45-47). Asin the published literature, the inflammatory
mediators such as TNF-a, IL-1 B, interferon-y (IFN-y) and lipopolysaccharide (LPS),
markedly enhance the production of Activin A (48, 49). Here, our results clearly indicate that
an LTA4H activator can act on monocytes to stimulate the production of LTB4, resulting in
B cell proliferation and an increase of Ig production by serial production of autocrine signal

mediators such as TNF-a, Activin A, and paracrine BAFF.

EXAMPLES

[0083] Reagents. P4N was synthesized from NDGA by the Hwu lab and provided for this
study by RCCH. SB431542 (ALK4 inhibitor), SIS-3 (Smad3 inhibitor), SB203580 (p38
inhibitor) and PD98059 (MAPK/ERK Kkinase inhibitor) were purchased from Sigma Aldrich.
A83-01 (ALK4 inhibitor) was procured from R&D Systems.
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[0084] CT-26 and THP-1 cells were purchased from Bioresource Collection and
Research Center (BCRC, Hsinchu, Taiwan). CT-26 and THP-1 cells were maintained in the
culture media according to the BCRC culture protocols. In general, they were maintained in a
culture medium (RPMI-1640 (Invitrogen, Carlsbad, CA) supplemented with 4.5 g/L glucose
(MP Biomedicals, Santa Ana, OH), 10 mM HEPES (MP Biomedicals), 1.0 mM sodium
pyruvate (MP Biomedicals), 0.05 mM 2-mercaptoethanol (AMRESCO, OH, USA), 10% fetal
calf serum (Invitrogen), and 1% penicillin-streptomycin (Invitrogen)).

[0085] PBMCs were isolated from the blood of healthy human donors by density
separation over Lymphoprep™ (Axis-Shield, Oslo, Norway). Mononuclear cells at the
interface were carefully transferred into a centrifuge tube, and then treated with ACK
hemolysis buffer (0.15 M NH4C1, 10 MM KHCOS3, 0.1 mM NaEDTA in distilled water) and
washed twice with PBS buffer and cultured in growth medium.

[0086] Total B-cells were isolated from human PBMCs or mouse splenocytes by negative
selection using amagnetic sorting device (Miltenyi Biotec, Auburn, CA). Briefly, PBMCs
were incubated with a cocktail of biotin-conjugated antibodies, followed by microbead-
conjugated anti-biotin Abs for magnetic depletion. B-cells were eluted according to the
manufacturer's protocols. Human blood samples were collected from healthy individuals
following an IRB-approved protocol and in agreement with the Committee for Research
Ethics Board of Chung Shan Medical University Hospital.

[0087] Animals. Female BALB/c and BALB/c/nu mice were purchased from The
National Laboratory Animal Center (Taipei, Taiwan) and maintained on a 12:12-h lightdark
cyclein an animal environmental control chamber (Micro-VENT 1VC Systems, Allentown,
NJ). Humane animal care was ensured by use of the institutional guidelines of National Chiao
Tung University (NCTU). The Committee on Animal Experimentation of the Center for
Experimental Animals of NCTU approved all studies and procedures.

[0088] P4N treatments in vivo. BALB/c or BALB/c/nu mice (6 week old) were inoculated
subcutaneously with I1xIO 6 CT-26 cellsin 100 ui PBS. When the average tumor mass
reached 50 mm3, the animals were treated with 2.5 mg/kg or 5 mg/kg of P4N in one
intratumoral injection. Subseguently, the tumor volumes were measured using a caliper every
2 days, and the volumes were calculated using the following formula: volume (mm3) = length
x width x height. Before sacrifice, the sera of the mice were collected for experimental use.
[0089] In vivo cell depletion. CD8+ T and B cells were depleted by monoclonal
antibodies following Dr. Carmi Y's protocol (57). CD8+ T cells of was depleted by
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intraperitoneal (i.p.) injection of 500 pg per mouse anti-CD8 (Y ST-169.4) monoclonal
antibodies (BioXcell, West Lebanon, NH) 3 days before tumor inoculation and every 3 days
thereafter. For B cell depletion, 300 pg per mouse anti-CD19 (1D3) and 300 pg per mouse
anti-220 (RA3.3A1/6.1) monoclonal antibodies (BioXcell) were i.p. injected 3 weeks before
tumor inoculation and every 5 days thereafter.

[0090] Seratransfer in vivo. In ametastatic model, BALB/c mice were intravenously
injected with 1 x 106CT-26 cellsin 100 ui PBS viathe tail vein, and then treated with 100 pi
anti-sera once every week. Upon death of the mice, the lungs were dissected, observed and
photographed. Three mice in the P4AN anti-sera group were sacrificed to 24 day after the
injection. Tumor nodules on the lungs were counted, and lung weights were determined.
Survival of the mice was noted, and rates of survival were calculated.

[0091] In a subcutaneous tumor model, the nude mice bearing -50 mm3 CT-26 tumors
were injected intravenously with 100 pi of the different anti-sera once every week. The tumor
volumes were measured as described above.

[0092] Immunochistochemical staining. Tumors isolated from P4AN and vehicle-treated
mice were embedded in paraffin and thin sections were made and processed for
immunohistochemical staining. The sections were probed with rat monoclonal anti-F4/80
(1:50 dilution; GeneTex, Irvine, CA) and anti-CD20 (1:200 dilution; Santa Cruz
Biotechnology, Dallas, TX), hamster monoclona anti-CDllc (1:25 dilution; GeneTex),
rabbit monoclonal anti-CD3 (1:50 dilution; GeneTex), rabbit polyclonal anti-TNF-a and anti-
IL-8 antibody (1:50 dilution; Assay BioTech. Sunnyvale, CA) a 4 °C overnight, and the
detection antibodies were recognized using ahorseradish peroxidase (HRP)-conjugated anti-
rat, anti-hamster, or anti-rabbit 1gG antibody (1/1,500 dilution; Santa Cruz Biotechnology).
The immune complexes in the sections were visualized using the LSAB2 system (DAKO,
Carpinteria, CA). The sections were counterstained with hematoxylin, mounted, observed
under alight microscope a amagnification of 400X, and photographed.

[0093] Sections of CT-26 tumors from untreated mice were incubated with a 200-fold
dilution of normal sera, PBS anti-sera or PAN anti-sera at 4 °C overnight. Sequentially, the
sections were recognized using an HRP-conjugated anti-mouse 1gG antibody (1:1500
dilution; Santa Cruz Biotechnology), and then developed, counterstained and photographed
as described above.

[0094] Titers and Ig classes of antitumor autoantibodies. Blood was collected weekly

from CT-26-bearing mice treated with PBS or 5 mg/kg P4N, and the titers of CT-26-specific
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antibodies in the sera were measured by the following method. The wells of 96-well culture
plates were seeded with CT-26 (106 cells/well) or mouse mammary gland adenocarcinoma JC
cells (108 cells/well). On the following day, the cells were fixed with 4% paraformal dehyde,
washed, and blocked with 300 pi of 2% skim milk PBST (PBS buffer with 0.05% tween-20)
for 1h. One hundred microliters of 6400-fold diluted serain PBS containing 0.5% skim milk
were loaded into each well and incubated at room temperature for 2 h. After washing 3 times,
100 pi HRP-conjugated anti-mouse |g antibody (1:10000 dilution; Sigma-Aldrich, St. Louis,
MO) were added to each well and incubated for 1h. After washing 3times, 100 uL. of NeA-
Blue (Clinical Science Products, Inc. Mansfield, MA) was added to each well, incubated for
20 minutes and stopped using 100 ul. 1N HC1. The optical density was measured at 450 nm
using an ELISA reader (Tecan, Mannedorf, Switzerland). The isotypes of specific anti-CT-26
cell antibodies in anti-sera (1:1600 dilution) were determined by using HRP-conjugated
specific anti-mouse IgM, 1gGlI, 1gG2a, 1gG2b or IgA antibodies (Acris, Herford, Germany).
[0095] Immunofluorescence analysis of cell surface tumor antigens. CT-26 cells were
seeded on glass cover dlides, and fixed with 4% (w/w) paraformaldehyde The fixed cells
were then incubated with normal sera, PBS anti-sera or P4N anti-sera for 1 h and detected
with secondary antibodies conjugated to Alexa Fluor 568 (Molecular Probes, Eugene, USA).
Aiexa Fluor 488-conjugated Concanavalin A (ConA; Molecular Probes) and DAPI
(Molecular Probes) were used to label the plasma membrane and nucleus. The images of
tumor antigens recognized by the anti-sera were photographed at a400x magnification using
aZeiss LSM 510 META confocal microscope (Carl Zeiss, Jena, Germany).

[0096] Western blot analysis. The membrane proteins of 3 x 107 CT-26 cells were
extracted and harvested with the Mem-PER Eukaryotic Membrane Protein Extraction
Reagent Kit (Thermo Fisher Scientific, Rockford, IL), following the manufacturer's
instructions. Fifty micrograms of total membrane protein was subjected to SDS-PAGE,
transferred to Nitrocellulose Blotting Membrane (GE, Pittsburgh, PA) and probed with
norma sera, PBS anti-sera or PAN anti-sera. The membranes were then blocked with 2% silk
milk in PBST, incubated with HRP-conjugated anti-mouse Ig antibody (1:10000 dilution;
Sigma-Aldrich), and developed with the WesternBright™ ECL Western blotting detection kit
(Advansta, Menlo Park, CA). Antibody bound proteins were visualized by the Hansor
Luminescence Image system (Hansor, Taichung, Taiwan). E-cadherin proteins in all samples
were probed by rabbit polyclonal anti-E-cadherin antibody (1:1000 dilution; GeneTex) and
HRP-conjugated anti-rabbit Ig antibody (1:10000 dilution; Sigma-Aldrich).



WO 2017/173022 PCT/US2017/024905

27

[0097] Co-immunoprecipitation assay. Five microliters of normal sera, PBS anti-sera or
P4N anti-sera were mixed with 100 pi of the protein G agarose (Merck Millipore, Darmstadt,
Germany), and then covalently linked with disuccinimidyl suberate (DSS, Thermo Fisher
Scientific). After washing, 5 pi of protein G agarose conjugated sera were incubated with 400
Wi membrane proteins a room temperature. The immune complexes were then washed three
times with lysis buffer and eluted with elution buffer (Thermo Fisher Scientific). The
precipitated samples were then heated in reducing sample buffer and resolved by the SDS-
PAGE.

[0098] Antigen identification by UPLC/HRMS/MS. Proteins were excised from SDS
polyacrylamide gels, digested with the In-Gel Tryptic Digestion Kit (Thermo Fisher
Scientific), and identified by UPLC/HRMSMS (Bruker BioSpin, Rheinstetten, Germany).
Peptide sequence information was used to search sequences in the protein database of NCBI
using BLAST (blast.ncbi.nim.nih.gov/Blast.cgi).

[0099] Gene expression profiling and analysis. Amplification and labeling of RNA was
performed with the [llumina®TotalPrep RNA Amplification Kit from Life Technologies
(Ambion, Applied Biosystems, Foster City, CA) using 150 ng of RNA per sample. Labeled
RNA (750 ng) was hybridized to Illumina HT-12 v4 Expression BeadChips (-48,000 probes)
and processed according to the manufacturer's protocol. Expression data underwent quality
control and normalization by GenomeStudio (Illumina, San Diego, CA). Genes differentially
expressed in the cells treated with P4N relative to the untreated cells were identified, with
special emphasis given to genes involved in cytokine-cytokine receptor interaction (KEGG
pathway). Genes with a p-value of p<0.05 and fold change >0.4 as up-regulated were
considered to be differentially expressed genes. The identified genes were subjected to the
Database for Annotation, Visualization and Integrated Discovery (DAVID)
(david.abce.nciferf.gov/) for Gene Ontology (GO) and KEGG pathway enrichment analysis.
A P-value <0.05 was set as threshold of enrichment analysis.

[0100] Reverse transcription PCR. Human PBMCs or THP-1 cells were treated with P4N,
and then the MRNA expression of INHBA and BAFF in these cells was measured by reverse
transcription PCR. Briefly, total cellular RNA was extracted with Trizol reagent (Invitrogen)
and reverse-transcribed into cDNA using the Superscript RT-kit (Invitrogen). The cDNA of
INHBA and BAFF were then amplified by PCR. GAPDH cDNA in the samples was used to

normalize the loading amounts in each reaction. The primer sets used in this study are shown
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in Table 1. Finaly, PCR products were resolved by electrophoresis on 2% agarose gels and

visualized with ethidium bromide.

[0107] Table 1: Primers used in PCR Analysis
Primers Forward Reverse GenBank
accession
number
hINHBA | 5’- 5- NM 002192.2
GCCGAGTCAGGAACAGCCAG- | TTTCTTCTTCTTCTTGCCCAGGA-
3" (SEQID NO: 1) 3’ (SEQ ID NO: 2)
hBAFF 5- 5-TGGTAGAAAGACACCACCG-3 | AF116456.1
ATGGATGACTCCACAGAAAGG- | (SEQID NO: 4)
3’ (SEQ ID NO: 3)
mINHBA | 5-ATGCCCTTGCTTTGGCTGAG- | 5°- NM 008380.1
3’ (SEQ ID NO: 5) TTCAAGTGCAGCATGTTTAAGAT-
3’ (SEQ ID NO: 6)
mBAFF 5- 5’-GGACATCGCTGTGAAACTGC- AF119383.1
ATGGATGAGTCTGCAAAGACC- | 3’ (SEQ ID NO: 8)
3’ (SEQ ID NO: 7)
[0102] Cell proliferation assay. Rgji or OKT3 cells (IXIOVwell) were seeded and treated

with THP-1-conditioned media. After 48 h the number of viable cells was determined by

MTT assay. Theindices of cell proliferation were calculated as previously described.
ELISA assays. THP-1 cells (IxIO 6 cellgml/well) in a24-well culture plate were
pretreated with 10 pm bestatin (aLTA4H inhibitor, Sigma-Aldrich) for 2 h and then treated

[0103]

with 3 uM P4N for various time intervals. The levels of LTB4 in the culture media were
determined by the LTB4 (Enzo Life Sciences, Farmingdale, NY) (R&D) ELISA Kits. The

amount of TNF-a, IL-8 and Activin A in cultured media were measured in asimilar manner.

[0104]

Statistical analyses. The results are presented asthe mean + SEM. The statistical

significance was evaluated using Student's /-test; p < 0.05 was considered significant.
PBMC proliferation assay. Two hundred microliters of PBMCs (5xI0 4 cells/ml)

[0105]

were seeded in each well of a 96-well culture plate and treated with increasing concentrations

of P4N (0.38, 0.75, 15, 3or 6 uM ) for 48 h. The number of viable cells was evaluated by

MTT assay and acell proliferation index was calculated as follows: Proliferation index =
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(0D595 of sample) /(0D595 of the untreated cells)xI00%. PBMCs were also treated with or
without P4N (0.75, 1.5 or 3 uM) for 48 h, and probed with anti-CD20 antibodies (Roche,
Mannheim, Germany) and FITC-conjugated goat anti-human 1gG polyclona antibodies
(SouthernBiotech, Birmingham, AL). The percentage of B cells in treated PBMCs was
determined by flow cytometry (BD Biosciences, Mountain View, California), and the indices
of B cell proliferation were calculated as follows. (the number of PBMCs x the percentage of
B cdlsintreated PBMCs)/ (the number of PBMCs x the percentage of B cells in untreated
PBMCs).

[0106] The effect of PAN on changes in B cell lineage in vitro. Single cell suspensions of
mouse splenocytes were obtained by grinding the spleens from healthy mice. The suspended
splenocytes were treated with or without 0.1 or 0.2 uM of P4N for 48 h, and the percentage of
naive B cells, activated B cells, Bl cells or Breg cells were measured after staining with the
following fluorochrome conjugates using flow cytometry (BD Biosciences): anti-CD19-
FITC, anti-CD-23-APC, anti-CD-38-APC, anti-CD5-PE or anti-CD ld-Alexa 647
(BioLegend, San Diego, CA). The cell types were defined as follows. naive B cells
(CD19+CD23+), activated B cells (CD19+CD38+), Bl cells (CD19+CD5+) and Breg cells
(CD19+CD5+CDId+). Theindices of different types of B cell proliferation were calculated
as follows. (the number of splenocytes x the percentage of each B cell population in treated
splenocytes)/ (the number of splenocytes x the percentage of each B cell population in
untreated splenocytes).

[0107] In vivo effects of PAN on antibody production and B cell differentiation. Mice
were immunized and boosted with 100 ug EGFP in 100 pi of PBS by intraperitoneal injection
once every week and simultaneously treated with or without 5 mg/kg P4AN once or three times
per week. Blood samples were collected from the retro-orbital plexus of the mice every week.
The titers of anti-EGFP antibodies in sera were measured by enzyme-linked immunosorbent
assay (ELISA). Briefly, each well of amicrotiter plate (Nunc, Wiesbaden, Germany) was
coated with 100 ng of rEGFP in 100 pi of PBS. The sera were 6400X diluted by PBS and
added to the antigen-coated wells, and their titers were measured as described above. The
isotypes of anti-EGFP antibodies in sera were also measured as described previously.

[0108] The splenacytes of PAN -treated or untreated mice were harvested and probed with
anti-CD 19-FITC, anti-CD23-APC, anti-CD38-APC, anti-CD27-APC, anti-CD138-APC, anti-
CD5-PE or anti-CD ld-Alexa 647 (BioLegend) antibodies and analyzed by flow cytometry
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(BD Biosciences). The definitions of the cell types were as described above, except for
memory B cells (CD19+CD27+) and plasma cells (CD19+CD138+). The indices of different
types of B cell proliferation were calculated as follows: (the number of splenocytes x the
percentage of each B cell population in treated splenocytes)/ (the number of splenocytes x the
percentage of each B cell population in untreated splenocytes).

[0109] The effects of P4N on the profile of cytokine expression. PBMCs (2 xIO8 cells/ml)
from seven healthy individuals were seeded in each well of a24-well microplate and treated
with 3 uM of P4AN for 24 h. Cell supematants were collected for analysis of cytokine levels by
a cytokine multiplex assay using the Bio-Plex Pro Human Cytokine Standard Group | 27-
Plex, following the manufacturer's protocol (Bio-Rad, Hercules, CA). The change levels of
cytokine were calculated as follows: Change level = (value of the PAN-treated cells) / (value
of the untreated cells) x 100%.

EXAMPLE 1

[0110Q] P4N activated humoral immune response leading to suppression of tumor growth
in vivo.

[0117] To examine whether low-dose PAN causes immunoregulatory activity for the
suppression of tumor growth, the effects of one intratumoral injection with 2.5 mg/kg or 5
mg/kg of P4N in CT-26 tumors in BALB/c or nude mice were monitored. Both doses of PAN
significantly inhibited the growth of CT26 tumors in BALB/c mice, but had no effect on the
growth of CT26 tumors in the immunodeficient nude mice (Fig. 1A). Asshown in figure 1B,
CD8* T cell-depletion only attenuated the effect of PAN-induced tumor inhibition. In contrast,
B cell-depletion abolished the effect of PAN-induced tumor inhibition (Fig. 1B). In addition,
B cell-depletion caused no significant difference between the mice with PAN or PBS
treatments in the tumor growths that indicated the tumor suppressive effects of PAN
intratumoral injections did not result from the cytotoxicity of this drug. Therefore, these
results revealed that ahumora immune response may play amajor role in PAN-induced tumor
inhibition. Using an IHC assay, it was shown that PAN treatments led to the infiltration of
immune cells, such as macrophages, DC, T or B cdlls, into the tumor area (Fig. 1C). There
was no significant difference between the two mouse strains in terms of the levels of
macrophages and DCs in the tumors, but the levels of T and B cells in the tumors were higher

in BALB/c mice than nude mice. In addition, it was found that P4AN treatments enhanced the
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expression levels of TNF-a and IL-8 in both strains of mice (Fig. 7). Taken together, these
results indicate that low dose P4AN dlicits certain immune responses in tumors, but only
suppresses tumor growth in BALB/c mice, where adaptive immunity may play an important
role in the low dose P4N-induced tumor suppression.

[0112] To verify whether humoral immunity isinvolved in the antitumor activity of low
dose P4N, seraisolated from P4N or vehicle (PBS) treated CT-26 tumor-bearing mice were
passively transferred into BALB/c mice with inoculations of metastatic CT-26 cells. On day
18 after tumor injection, CT-26 cells in untreated mice developed serious lung metastasis,
and metastatic nodules surrounded the lungs (Fig. 2A). Administration with anti-sera derived
from PBS treated mice significantly decreased the colonization of CT-26 cells from
circulation to the lung. PAN derived anti-sera displayed an even stronger effect, dramatically
inhibiting tumor colonization and abolishing the colonization of metastatic cells. The CT-26
cell metastatic nodules in the lungs of each group were counted and the lungs were weighed.
Analysis of the results confirmed that PAN anti-sera treatments reduced tumor colonization
(Fig. 2B). All mice treated with PAN anti-sera survived more than 60 days, asurvival time 3
times that of the control groups (Fig. 2C). These results suggested that the inhibition of tumor
colonization by P4AN anti-sera might bethe result of PAN-induced EAAS in the sera

EXAMPLE 2

[0113] The effects of PAN on production and activity of anti-tumor autoantibodies.
[0114] To eliminate the influence of T cells, the anti-sera were injected into CT-26
tumor-containing immunodeficient mice. P4N anti-sera still significantly suppressed tumor
growth in these mice, while PBS anti-sera had no significant effects on tumor growth (Fig.
3A). Characterize of the anti-sera revealed that the titers of specific anti-CT-26 antibodies in
PAN anti-sera were higher than in PBS anti-sera, regardless of the time of harvest (Fig. 3B)
and the major classes of increased antibodies in PAN anti-sera were 1gGl and IgA (Fig. 3C).
Like normal mouse sera, PBS anti-sera only somewhat recognized the tumor cellsin CT-26
tumor tissue, however, the PAN anti-sera displayed a strong binding affinity to the tumor cells
in CT-26 tumor tissue (Fig. 3D). In addition, PAN anti-sera also provide more efficient
cytotoxicity (Fig 8).

[0115] Of interest are the antigens that are recognized by EAAs in sera derived from

tumor-bearing mice. Figure 3E shows that although both anti-sera recognized surface
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antigens on CT-26 cells, PAN anti-sera had abetter ability than PBS anti-sera. The
autoantibody-bound antigens on the plasma membrane were displayed in a spot-shape that
could imply that they may associate with other proteins to form complexes on the cell surface
(Fig. 3F). A western blotting assay determined that the autoantibodies in the anti-sera
recognized 78 kDa and 55 kDa proteins on the membranes of CT-26 cells (Fig. 3G). The
antigen profile on the cell membrane was obtained by co-immunoprecipitation (IP) of a
membrane protein extract with the anti-sera. The results showed that more than 6 proteins
were co-precipitated with the anti-sera targeting proteins (Fig. 3H), which indicating that the
78 kDa and 55 kDa proteins recognized by the anti-sera are associated with other proteins,
forming a complex on the cell surface. The 78 kDa and 55 kDa proteins were subsequently
identified by UPLC/HRMS/MS as GRP78 and FIFO ATP synthase, respectively (Fig. 31).
These results indicated that PAN treatments enhance the production and activity of anti-
GRP78 and anti-FIFO ATP synthase autoantibodies that promote CT-26 tumor inhibition.

EXAMPLE 3

[0116] The effects of low dose P4N on B cell proliferation and immunoglobulin
regulation.

[0117] To examine the effects of low dose PAN on immune modulation, it was determined
whether PAN affected the proliferation of human PBMCs in vitro. As shown in Fig. 9A,
PBMC proliferation was increased by 10-35%, depending on the dose of P4AN. After further
analysis, it was found that PAN significantly increased the proliferation of the B cell
population in human PBMCs (Fig. 9B). B cell proliferation was also analyzed in mouse
splenocytes and the results showed that PAN increased total B cell proliferation (Fig. 9C, 14A
and 14B). These results indicated that PAN treatments have similar effects mice and humans.
Additionally, the B cell types were determined, and it was found that P4N increased total B
cell proliferation as aresult of naive B cell proliferation and had no effect on the number of
activated B cells in the absence of antigen stimulation.

[0118] EGFP was used as amodel antigen to immunize the mouse to monitor the specific
antibody production and B cell differentiation after antigen stimulation. BALB/c mice were
immunized and boosted using i.p. injections with the EGFP antigen combined with one or
three times weekly P4N injections. Asin previous results, PAN dramatically enhanced the

total specific anti-EGFP 1g production, especially when EGFP was combined with PAN
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injections three times aweek (Fig. 9D). In addition, immunization with PAN significantly
increased 1gGlI, 1gG2b and IgA production (Fig. 9E). These results indicate that PAN
promotes specific antibody production by up-regulating the Th2-mediated immune response.
Moreover, the lineages of the B cell were determined after EGFP immunization, and it was
found that both memory and plasma cells were increased (Fig. 9F). Compared to EGFP
immunization, P4N greatly stimulated B cell differentiation to plasma cells, demonstrating
that it not only stimulates B cell proliferation but also enhances the process of B cell

differentiation. Thus, PAN treatment could lead animals to produce more antibodies.

EXAMPLE 4

[0119] Role of monocytes and cytokine expression in PAN-induced B cell proliferation.
[0120] P4N treatments did not induce the proliferation of isolated T cells or B cells, yet
increased the proliferation of T-cell-depleted PBMCs (Fig. 10), indicating that PAN-induced
B cell proliferation may require the presence of monocytes. Examination of the cytokine
profiles of PBMCs after PAN treatment showed that, the levels of pro-inflammatory cytokines
(TNF-a, IL-1p and IL-6) and chemokines (IL-8, IP-10, MIP-la, MIP-1B8 and RANTES)
were significantly increased after PAN treatment (Fig. 11). Using aBio-Plex assay for human
cytokines to analyze THP-1 monocyte-like cells it was determined that after PAN treatment,
the THP-1 cells increased the expression of pro-inflammatory cytokines and chemokines,
similar to PBMCs (Fig. 12). Moreover, P4N rapidly induced TNF-a and IL-1 B expression in
THP-1 monocytes within 4 h, and then stimulated 1L-8 release after 8h (Fig. 13), suggesting
that PAN's effect on monocytes results in a cascade of cytokines or chemokines. With no
published reports to suggest what factor(s) are involved in PAN-induced B cell proliferation,
the gene expression partem of monocytes treated with PAN was analyzed by cDNA
microarray to determine which genes are modulated in this process. The results of this
analysis revealed 26 up-regulated genes of cytokine-cytokine interaction (KEGG pathway)
and the 10 up-regulated genes of growth factor activity (GO: 0008083) in THP-1 cells
following P4N treatment (Fig. 4). Based on these results, the factor most capable of activating
B cells without antigen stimulation, BAFF (TNFSF13B) and was chosen for further study
along with Activin A (INHBA), because it is associated with BAFF expression.
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EXAMPLE 5

[0121] Effect of PAN -induced inflammatory monocytes on Activin A and BAFF
expression. It has been reported that inflammatory monocytes markedly enhance the
production of Activin A, which can stimulate antigen-presenting cells to express BAFF (31).
In accordance with these reports, we observed that low dose P4N induced human PBMCs or
mouse splenocytes to increase their gene expression and protein production of Activin A and
BAFF (Fig. 5A and Fig. 14C) in a dose-dependent manner (Fig. 5B). Moreover, PAN up-
regulated mMRNA expression of Activin A a 2 h, however BAFF expression was elevated at 8
h (Fig. 5C). This implies that in PAN -treated monocytes Activin A release stimulates the

expression of BAFF.

EXAMPLE 6

[0122] Involvement of the ALK4/Smad3 pathway in Activin A-induced BAFF
expression. To determine the mechanism of Activin A-induced BAFF expression after
treatment with P4N, SB431542 (an ALK4 inhibitor), A83-01 (an ALK4 inhibitor), SIS3 (a
Smad3 inhibitor), SB203580 (ap38 inhibitor) and PD98059 (an ERK inhibitor) were used to
examine the pathways involved. Figure 5D and 5E show that SB431542, A83-01 and SIS3
significantly reduced BAFF transcription and protein expression, whereas SB203580 and
PD98059 had fewer effects, suggesting that the ALK4/Smad3 pathway mediates the Activin
A-induced expression of BAFF. Furthermore, conditioned medium from THP-1 cells treated
with PAN increased the proliferation of Raji or OKT3 cells, whereas conditioned medium
from THP-1 cells treated with PAN and the inhibitors SB431542, A83-01 or SIS3 lost its
activity (Fig. 5F). In this conditioned media, since the concentration of BAFF was reduced by
the inhibitors, PAN -induced B cell proliferation islikely dueto the action BAFF that is
induced by Activin A through the ALK4/Smad3 pathway.

EXAMPLE 7

[0123] PAN activated leukotriene A4 hydrolase and regulated monocyte inflammation.
[0124] The inventors wished to determine the molecular targets of PAN that mediate the
response seen in this study. According to docking analysis using Swiss Target Prediction and
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iIGEMDOCK software identified the enzyme leukotriene A4 hydrolase (LTA4H) asa
possible target of PAN. LTA4H catalyzes the final step in the biosynthesis of the pro-
inflammatory mediator leukotriene B4. PAN docked on anon-catalytic site of LTA4H when
compared to the small molecule active site inhibitor RB3021 (Fig 6A). The effect of PAN on
the activity of LTA4H was examined, and Figure 6B shows that P4AN increased the production
of its reaction product LTB4, These results reveaed that the NDGA-derivative P4AN isa
LTA4H activator and not aLTA4H inhibitor like its matemal molecule NDGA (32, 33). The
pro-inflammatory mediator LTB4 induces the expression of cytokines and chemokines,
however, it can also be induced by pro-inflammatory cytokines and chemokines. We
therefore used the LTA4H inhibitor, Bestatin to distinguish whether PAN induced the
expression of the pro-inflammatory cytokines and chemokines through LTA4H activation, or
if it increased the activity of LTA4H through the induction of pro-inflammatory cytokines
and chemokines. Asshown in Figure 6C and D the expression of TNF-a and IL-8 were not
suppressed by Bestatin, but increased following P4AN treatment Thus, it appears PAN first
activates LTA4H to increase LTB4 production, and then LTB4 stimulates the expression of
these pro-inflammatory cytokines and chemokines, as shown in Fig. 11and 12. Findly, the
results also showed that Bestatin inhibited the PAN-induced expression of Activin A (Fig.
6E), implicating P4N-activateded LTA4H in the monocyte stimulation of the Activin
A/BAFF pathway.

[0125] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent asif each reference were
individually and specifically indicated to beincorporated by reference and were set forth in
its entirety herein.

[0126] The use of the terms "a" and "an" and "the" and similar referents in the context of
describing the invention (especialy in the context of the following claims) areto be
construed to cover both the singular and the plural, unless otherwise indicated herein or

clearly contradicted by context. The terms "comprising,” "having,” "including,” and
"containing” areto be construed as open-ended terms (i.e., meaning “including, but not
limited to,") unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification asif it were individually recited herein. All methods

described herein can be performed in any suitable order unless otherwise indicated herein or
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otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., "such as') provided herein, isintended merely to better illuminate the
invention and does not pose alimitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed asindicating any non-claimed
element as essential to the practice of the invention.

[0127] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.
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Claims;

1. A method for inducing endogenous antitumor autoantibodies (EAA) in a subject
having aneoplasia comprising administering to the subject an effective amount of the

nordihydroguaiaretic acid (NDGA) derivative PAN, having the following formula:

) (P4N);

or salts, solvates and stereoisomers thereof.

2. A method for inducing B cell proliferation in a subject having aneoplasia
comprising administering to the subject an effective amount of the nordihydroguaiaretic acid

(NDGA) derivative PAN, having the following formula:

®

) D
O i;} (P4N);

>

or salts, solvates and stereoisomers thereof.
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3. A method for inducing BAFF stimulated B cell proliferation in asubject having a
neoplasia comprising administering to the subject an effective amount of the

nordihydroguaiaretic acid (NDGA) derivative PAN, having the following formula:

(P4N);
or salts, solvates and stereoisomers thereof.

4. A method for suppressing or inhibition growth of aneoplasia in a subject having a
neoplasia comprising administering to the subject an effective amount of a pharmaceutical
composition comprising the nordihydroguaiaretic acid (NDGA) derivative PAN, having the

following formula:

1‘. Ny,
S \-g—-“""\“ '&“j\«i‘}
_—

1
Q QD (P4N);

or salts, solvates and stereoisomers thereof, and a pharmaceutically acceptable carrier.

5. The method of any of claims 1to 4, wherein an effective amount of P4AN is a dose
of about 0.1 mg/kg to about 10 mg/kg.

6. The method of claim 5, wherein the effective amount of PAN is adose of about 2.5
mg/kg to about 5 mg/kg.
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7. The method of any of claims 1to 6, wherein the neoplasia is cancer and micro and

macro metastases.
8. The method of claim 7, wherein the cancer is colorectal cancer.

9. The method of any of claims 1to 8, wherein the method further comprises

administration to the subject at least one additional biologically active agent.

10. The method of claim 9, wherein the at least one additional biologically active

agent is an anticancer agent.
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