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USE OF NORDIHYDROGUAIARETIC ACID DERIVATIVES IN THE TREATMENT
OF DRUG RESISTANT CANCER, VIRAL AND MICROBIAL INFECTION

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The invention relates to compounds and methods for preventing or
reversing multiple drug resistance in cells.
Background Information

[0002] A synthetic derivative of the naturally occurring plant lignan, tetra-o-
methyl nordihydroguaiaretic acid (tetra-o-methyl NDGA or MyN), was found to possess
antiviral and anticancer activities, not by binding to essential viral or cell cycle related proteins,
but by blocking the transcription of these growth related genes in a mutation insensitive way,
affording MyN effectiveness for the long term use (1-3, 15). MyN, both in cell cultures and in
five human cancer xenografts in Thy/Thy mice (breast cancer, MCF-7, liver cancer Hep3B,
colorectal carcinoma HT-29, prostate carcinoma LNCaP and chronic myelogenous leukemia
K562) is able to inhibit SP;-regulated Cdc2 and survivin gene expressions which consequently
induces cell arrest at the Go/M phase of the cell cycle and apoptosis in a timely manner (4, 5).
During the initial stage of this process, MsN treated cancer cells can regain their replicative and
antiapoptotic capabilities if these cells were transfected with a SPi-independent, CMV promoter-
driven construct of this pair of genes in the presence of MyN. The discovery conforms to the
model that the effect of MyN on transcription of these two genes is promoter SPi-dependent (4).
Upon injection by IP and IV routes and through oral feeding of MyN, the distribution and
accumulation of MyN in mouse tissues were found to be selective and the level of drug in the
blood was extremely low and only presents transiently (5). The amount was also barely
detectable in dogs and rabbits in all toxicity studies using subcutaneous, intravaginal and IV
formulations. In all toxicology studies so far conducted, no evidence was observed of the type
of progenitor cell eliminations seen, for example, with cisplatin or other non-selective
cytotoxics. In clinical trials to date, M4N has not caused the systemic side effects such as
gastrointestinal problems, anemia and hair loss (6).

[0003] Multiple drug resistant gene 1 (MDR1) encodes a 170kda membrane
protein ATPase P - glycoprotein (Pgp) drug transporter (7). MDR1 is one member of the ATP-
binding cassette (ABC) family (8) commonly known for its ability to expel cytotoxic
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compounds following chemotherapeutic treatments (9). Substrates for Pgp protein include drugs
~ such as doxorubicin (DoX) (also known as adriamycin), vinblastine, paclitaxei, vincristine, and
many others (10). Mechanisms underlying the MDR-1 gene expression have been extensively
studied recently. In response to environmental signals, high levels of MDR-1 expression were
found to depend upon a group of transcription factors interacting with unique DNA sequences at
the MDR1 promoter site in a form of an enhancesome. Upon Dox induction, transcription of
MDR-1 proceeds quickly. During this process, it has been suggested that transcription factor
NF-Y1 joins Spi/Sps to recruit P/CAF histomeacetyltransferase to the MDR promoter site.
Histone acetylation further facilitates the formation of a local chromatin structure that is
compatible for active MDR1 transcription (10). The search for compounds that can inhibit
MDR1 and Pgp synthesis has been progressing actively in many research laboratories. For
example, it has been found that compound ET-743, which targets NF-Y1/PCAF complex, is able
to inhibit MDR-1 gene activation (11). Repressor K2-5F which competes with Sp1/EGR/WT;
for binding the GC elements of the MDR-1 promoter significantly reduced MDR-1 expression
(12).

[0004] Drug resistance is one of the major problems associated with cancer
treatments that use cytotoxic drugs such as Dox; vinblastine, paclitaxel, vincristine and others.
Long term use of Dox, for example, causes drug resistance to occur in primary and in
mestastatic tumors resulting from high MDR-1 gene expression and accumulation of the cellular
ATPase drug transporter protein Pgp. Pgp acts to expel drugs from the tumor cells resulting in
less of the drug being situated where it is able to inhibit tumor growth.
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SUMMARY

[0005] The invention includes, inter alia, compositions, useé and methods for
treating drug resistance (e.g. multiple drug resistance) in cells and organisms, and for treating
cancer and other diseases wherein cells or microorganisms have developed, or may develop,
resistance to one or more chemotherapeutic agent or drug.

[0006] Accordingly, the invention includes use of an NDGA derivative or
physiologically acceptable salt thereof for preventing at least one of synthesis and function of
drug transporter protein Pgp in a cell; the NDGA derivative having the formula

R3
CH,

CHs
Ry

wherein Ry, Rz, Rs and Ry are each independently selected from the group consisting of HO-,
CH; O-, CH3(C=0)O0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms, with
the proviso that

i) at least one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of R;-R4 comprises a saccharide residue.

[0007] The invention also includes use of an NDGA derivative or physiologically
acceptable salt thereof in combination with at least one secondary chemotherapeutic agent to

treat cancer, the NDGA derivative having a formula
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R3
CHj3
Ry
Ry
CH;3
Ry
wherein

i) atleast one of R;-R4 comprises an amino acid residue having at least 2 -CH,- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 -CH,- groups between an amino and a carboxyl gréup, and the remaining R
groups are independently selected from HO-, CH; O- and CH3(C=0)O-; or

ii) one of Ri-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CH3 O- and CH3(C=0)0O-;
the amino acid residue, substituted amino acid residue or saccharide residue being optionally
joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

[0008] The invention further includes use of an NDGA derivative or
physiologically acceptable salt thereof to prevent or overcome multiple drug resistance in a

cancer cell; the NDGA derivative having a formula

R3
CH;

Ry

CH,
Ry

wherein Ry, Rz, R3 and Ry are each independently selected from the group consisting of HO-,
CHj; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms, with
the proviso that

i) atleast one of R;-R4 comprises an amino acid residue or substituted amino acid

residue, or
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ii) one of Ri-R4 comprises a saccharide residue.

[OOO9j . Also included is 2 method of overcoming drilg resistance in a
microorganism, comprising administering to said microorganism or a host containing the
microorganism an effective amount of an NDGA derivative or physiologically acceptable salt

thereof, wherein the NDGA derivative has a formula

CH,

Ry

CH3
Ry
wherein Ry, R, Rs and Ry are each independently selected from the group consisting of HO-,
CHj; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms; with the proviso that

i) at least one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of R;-R4 comprises a saccharide residue.

[0010] Furthermore, the invention includes a method of treating a drug-resistant
infection in an animal, comprising administering to the animal, along with at least one
therapeutic agent to which the infection is resistant, an effective amount of a compound or a
physiologically acceptable salt of the compound, the compound having a formula

R3
CH;

Ry
Ry

CH;
Ry

wherein Ry, Ry, Rs and Ry are each independently selected from the group consisting of HO-,

CH; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide -
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residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms, with the proviso that

i) at least one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of Rj-R4 comprises a saccharide residue.

[0011] The invention includes a composition comprising a compound or a

physiologically acceptable salt of the compound, the compound having a formula

R;
CH;,
Ry
Ry
CH,
Ry
wherein

i) atleast one of R;-R4 is a B-amino acid residue linked to the phenyl ring through an
oxygen atom; or

ii) one of R;-R4 a saccharide residue, optionally linked to the phenyl ring through an
oxygen atom and 1-10 -CH,-groups; and
the remaining R groups are ~OCHj.

[0012] Furthermore, the invention includes a composition comprising an NDGA
derivative, or a physiologically acceptable salt thereof, and a secondary chemotherapeutic agent,

the NDGA derivative having a formula

R3
CH,
Ry
Ry
CHjy
Ry
wherein
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1) atleast one of R;-R4 comprises an amino acid residue having at least 2 -CH,- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 -CHy- groups between an amino and a carboxyl group, and the remaining R
groups are independently selected from HO-, CH3 O- and CH3(C=0)O-; or

ii) one of Ri-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CHj3 O- and CH3(C=0)0-;
the amino acid residue, substituted amino acid residue or saccharide residue being optionally
joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

[0013] The invention also includes a method for determining an optimum dosage
combination of an NDGA derivative or physiologically acceptable salt thereof, wherein the
NDGA derivative has a formula

R3
CH,
R
Ry
CH;
Ry
(1)

wherein Ry, Ry, R3 and Ry are each independently selected from the group consisting of HO-;
CHj; O-; CH3(C=0)0O-; an amino acid residue; a substituted amino acid residue; a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms and an oxygen atom;
and a secondary chemotherapeutic agent for treating a cancer, comprising

(a) administering a series of compositions of varying dosages of the NDGA
derivative or physiologically acceptable salt thereof and the secondary chemotherapeutic agent
to a culture of cancer cells;

(b)  measuring the growth rate of the cells;

(c) using an isobologram method or combination index method to determine the
optimal combination dosage to achieve comparable efficacy with suboptimal concentrations for
both the NDGA derivative or physiologically acceptable salt thereof and the secondary

chemotherapeutic agent.
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[0014] These and other aspects of the invention are described more fully

described in the following sections and in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1. Effect of MyN treatment on growth of MCF cells and
NCI/ADR-RES cells. A. In culture. B. In xenografts of Thy/Thy mice.

[0016] Figure 2. Effect of MyN treatment on Cdc2 and survivin production in
MCF-7 and NCI/ADR cells - Western blot analysis.

[0017] Figure 3. Dose-effect curves for MyN, Dox, paclitaxel and their
combinations in NCI/ADR-RES cells. A. M4N and doxorubicin (Dx), alone and in combination.
B. MuN and paclitaxel (Px), alone and in combination. The x-axis represents the dose of drug in
umoles/liter and the y-axis represents Fa, the fraction of cells affected (growth inhibition).

[0018] Figure 4. Analysis of the combination of MyN with Dox or paclitaxel in
NCIADR-RES cells. A. Isobologram for the combination of M4N with doxorubicin (Dx) at
different effect levels (Fa). B. Isobologram for the combination of M4N with paclitaxel (Px) at
different effect levels (Fa).

[0019] Figure 5. Analysis of the combination of M4N with Dox or paclitaxel in
NCVADR-RES cells. A. CIplot for the combination of MyN with doxorubicin (Dx). B. CI plot
for the combination of M4N and paclitaxel (Px).

[0020] Figure 6. Effect of MyuN on MDRI1 gene expression and Pgp levels in
NCI/ADR-RES human breast cancer cells. A. Agarose gel analysis of MDR1 and GAPDH
(normalization control) cDNAs generated by RT-PCR of total RNA from cells treated for three
days with 0, 5, 10 and 20 pM MuN. Results in bar graph form normalized to GAPDH. B.
Western blot analysis of Pgp and cyclin B1 (normalization control) protein levels in cells treated
for three days with 0, 5, 10 and 20 pM MyN. Results in bar graph form normalized to cyclin B1.

[0021] Figure 7. Effect of M4N on induction of MDR1 gene expresssion by
doxorubicin in MCF-7 cells. MCF-7 cells were left untreated or treated with 0.05 uM
doxorubicin in the presence or absence of 5 pM M4N for two days and then total RNA and
protein were analyzed for MDRI1 gene expression and Pgp protein levels. A. Agarose gel
analysis of MDR1 and GAPDH (normalization control) cDNAs generated by RT-PCR. STD,
cDNAs from NCI/ADR-RES cells. B. Western blot analysis of Pgp and cyclin B1
(norrhalization control) protein levels. STD, analysis of proteins from NCI/ADR-RES cells.

[0022] Figure 8. Inhibition of Pgp-mediated Efflux of Rhodamine 123.
NCI/ADR-RES cells, incubated for three days in the presence of 0, 1.25, 2.5, 3.75 and4 5.0 uM
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M4N, were tested for their ability to retain Rhodamine 123. The percent Rhodamine 123
femaining in the cells was plotted against time.

[0023] Figure 9. (A) Effect of Maltose-M;3N on the proliferation of human
tumor cell lines. HT29, LNCaP, Hep3B, K562, and MCF7 were treated with different
concentrations of Maltose-M3N for 72 hours. Percent cell viability was measured by MTT assay
and expressed as mean + SD of triplicate data points. (B) Untreated Hep3B cells or treated with
60 pM Maltose-M3N for 72 hr were stained with DAPL. Arrows indicate apoptotic bodies.

[0024] Figure 10. Effect of Maltose-M3N on Cdc2 and survivin protein
expression in human tumor cell lines. Total protein extracts were prepared from control cells
[C] or cells exposed to Maltose-M3N [M] for 24 and 72 hours and analyzed for CDC2 and
survivin levels by Western blot analysis. $-actin was used as a loading control.

[0025] Figure 11. Effect of intratumoral Maltose-M;N treatment on apoptosis,
and CDC2 and survivin protein levels of C3 tumors. Tumors were excised from mice treated
daily for 4 days with intratumoral injections of the indicated concentrations of Maltose-M;N or
placebo (0.15 M NaCl). Fixed tumors were sectioned and analyzed by H&E staining and
immunochemical analysis using antibodies specific for CDC2 and survivin.

[0026] Figure 12. Effect of MyN and maltose M3N (Mal-M;N) alone and in
combination with Paclitaxel (Px), on Pgp protein levels of NCI/ADR-RES breast cancer
xenograft tumors in nude mice. Formaldehyde fixed tumors from mice treated daily for two
weeks with i.p. injections of MyN (320 pmol/m?), Mal-M;N (320 umol/m?) or Px (16 pmol/m?),
alone or in combination, were sectioned and analyzed by H&E and immunochemical staining

using antibodies specific for human Pgp.

10
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DESCRIPTION OF THE INVENTION

[0027] The present invention makes use of nordihydroguaiaretic acid derivatives,
such as tetra-o-methyl NDGA, (M4N) to stop the formation and/or the function of Pgp protein.
The inventors have found that M4N inhibits Dox-induced MDR gene expression, synthesis of
Pgp protein and prevents the “pump-out” of Dox from drug treated cells. MyN treatment makes
Dox more available for targeting TopIl/DNA complex at the S phase of the cell cycle. Thus,
low concentrations of MyN and Dox can be used synergistically to control the cancer growth.

[0028] Furthermore, it was found that MsN and derivatives thereof are extremely
effective in elimination of human breast cancer xenografts of NCI/ADR-RES cells, a cell line
that has already acquired strong resistance to Dox. MyN blocks Cdc2 and survivin gene
expressions in NC/ADR-RES cells and remarkably MyN is able to prevent the expression of
MDRI1 gene as well. Other NDGA derivatives, as described below, should also exhibit these
properties.

[0029] By "nordihydroguaiaretic acid derivatives", as used herein, is meant

compounds of the structure

R3
CH,
Ry
Ry
CH;
Ry
(D)

wherein Ry, Ry, Rs and Ry are each independently selected from the group consisting of HO-,
CH; O- and CH3(C=0)0-, provided that R;, R, R3 and R4 are not each HO- simultaneously; an
amino acid residue; a substituted amino acid residue; and physiologically acceptable salts
thereof, Also included are compounds of this formula wherein one of Ry, R, R and Ry is a
saccharide residue and the remaining R groups are independently selected from HO-, CHj3 O-
and CH;(C=0)0-, and physiologically acceptable salts thereof. The amino acid residue,
substituted amino acid residue or saccharide residue can optionally be joined to the phenyl ring
by a linker of 1-10, more usually 1-6, carbon atoms, most usually with an oxygen atom linking
the carbon linker to the phenyl ring. Typically the linker includes 2-4 -CHa- groups, €.g.
(saccharide residue)-CH,-CH,-O-(phenyl). R;-R4 may be identical or different, except in certain

11



WO 2006/041902 PCT/US2005/035795

applications (e.g. treatment of cancer), wherein Ry, Ry, Ry and R4 may not each be HO-
simultaneously. It is preferred that at least one of R;-R4 comprise an amino acid residue; a
substituted amino acid residue; a saccharide residue.

[0030] Amino acids to be used as substituents include both naturally occurring
and synthetic amino acids. These include, inter alia alanine, arginine, asparagine, aspartate,
cysteine, glutamate, gluamine, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, 5-hydroxylysine, 4-
hydroxyproline, thyroxine, 3-methylhistidine, e-N-methyllysine, &-N,N,N-trimethyllysine,
aminoadipic acid, y-carboxyglutamic acid, phosphoserine, phosphothreonine, phosphotyrosine,
N-methylarginine, and N-acetyllysine. Both R and L forms and mixed R and L forms of alpha
amino acids are contemplated. Further possible substituents include amino acids that have 2 or
more -CH,- groups (usually 2-4) present between the amino and carboxyl groups, as described
in more detail below, and derivatives thereof. Thus, the amino acid residue may be the residue
of an alpha, beta, gamma, or higher order amino acid, preferably one corresponding to a
naturally occurring amino acid in other respects. Amino acid residues are preferably linked to
the phenyl ring through an oxygen atom joined to a carbonyl group in the residue.

[0031] Substituted amino acid residues and derivatives of amino acids are
intended to include those residues wherein one or more hydrogen atoms have been replaced by a
methyl or other straight or branched chain lower alkyl group (1-6 carbon atoms), a sulphate or
phosphate group, etc., for example, wherein a dimethyl substitution is made on the amino group.

[0032] Because of the limited solubility of MsN in aqueous solution, there is a
further need for water soluble compounds having similar properties in order to more easily
formulate and administer pharmaceutical compositions. Improvement of solubility can be
achieved, for example, by glycosylation of MsN to obtain a compound wherein one of R;-Ry isa
saccharide, e.g. a monosaccharide or a disaccharide. For steric reasons, it has been found
preferable to include a linking group comprising 1-10, more usually 1-6, carbon atoms between
the saccharide and an oxygen atom linked to the phenyl group, generally 2-4 -CH,- groups.
Examples of saccharides that are useful are maltose, galactose, mannose, fucose, glucosamine
and their derivatives in which the OH groups of the sugars are replaced by other groups such as
_ O-methyl, O-acetyl, amino, carboxyl, lower alkyl, lower acyl (of 1 to 6 carbon atoms), phospho
and/or sulfo groups, or oligosaccharides of 2 or more sugars of the same or different kinds.

Examples of such compounds are those wherein R; or R; is maltose or galactose and the

12
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remaining R groups are ~OCHs, such as the following compounds (designated galactose-M3N

O _on
Ol o OCH,
OH

OCH; OCH,

and maltose-MsN, respectively):

GalMsN

CoyH3309
506,59

 MaltVgN
CiiHagOr4, .
' 668.74

[0033] Tumors to be treated include any cancerous or noncancerous tumor that
exhibits drug resistance, in particular drug resistance caused by the presence/overexpression of
an MDR1 gene in the cells (Ling, V. Multidrug resistance: Molecular Mechanisms and Clinical
Relevance, Cancer Chemother. Pharmacol. 40:53-58, 1997). Such tumors include, inter alia,
breast cancer, metastatic carcinoma of the lung, primary melanoma, ovarian cancer, multiple
myeloma, and Non-Hodgkin's Lymphoma.

[0034] The term “cancerous tumor” is intended to include any malignant tumor
that may or may not have undergone metastasis. The term “noncancerous tumor” is intended to
include any benign tumor. These terms are used as customarily understood by persons of skill in
the art.

[0035] Additional examples of benign and malignant tumors which may be
treated by the compositions and methods of the invention can be found in Table 1-1 of Cancer

Biology (Raymond W. Ruddon, Cancer Biology, 3rd Ed., Oxford Univ. Press, 1995,

13
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incorporated herein by reference). Tumors to be treated include those that are known to be of
viral origin, as well as those that are not of viral origin. The corripositions and methods of the
invention are expected to be particularly useful in the treatment of solid tumors.

[0036] By "multidrug resistant" or "MIDR" is meant cells, microorganisms, etc.
that are resistant to one or more therapeutic compounds intended to inactivate or kill those cells
or microorganisms, including those that, for example, exhibit high MDR-1 gene expression.
The term "drug resistant" is also used to refer to cells, microorganisms, etc., that are known to be
resistant to a particular therapeutic compound.

[0037] It is contemplated that the NDGA derivatives and pharmaceutical
compositions comprising the derivatives will be administered locally (e.g. topically or by local
injection into the tumors), or by systemic delivery (e.g. orally, intraperitoneally, intravenously,
subcutaneously or intramuscularly) generally along with pharmaceutically acceptable diluents,
excipients and carriers. Non water-soluble derivatives may be formulated into pharmaceutical
compositions in suitable solvents for injection into tumors, for example in the form of a DMSO
solution. Other means of local administration, such as topical application or targeted delivery to
the tumor site, may also be used.

[0038] Compounds and compositions that are water soluble may be formulated in
any pharmaceutically acceptable aqueous solution, for example a phosphate buffer solution
(PBS). NDGA derivatives may also be employed in lipid based or water based formulations for
systemic delivery, as known and used in the art.

[0039] The NDGA derivatives may be used as non-polar compounds or in the
form of a free acid/base, or in the form of a tetrahydrochloride, or other physiologically
acceptable salt.

[0040] The compounds of the invention may be used in combination with other
diagnostic or therapeutic compounds and with pharmaceutically acceptable diluents, excipients
and carriers, as will be clear to those of skill in the art.

[0041] By "pharmaceutically acceptable diluents, excipients and carriers" is
meant such compounds as will be known to persons of skill in the art as being compatible with
the NDGA derivatives and suitable for local or systemic administration to an animal,
particularly a human or other mammal, accordlng to the invention. Useful solutions for oral or

parenteral administration can be prepared by any of the methods well known in the

14
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pharmaceutical arts, described, for example, in Remington's Pharmaceutical Sciences, (Gennaro,
A., ed.), Mack Pub., (1990).

[0042] The amount of compound administered to obtain the desired treatment
effect will vary but can be readily determined by persons of skill in the art. The amount of
dosage, frequency of administration, and length of treatment are dependent on the
circumstances, primarily on the size and type of tumor. Typical dosages are expected to be in
the range of about 10-10* pmoles/m?, more usually 10%-10° pmoles/m® of a patient’s or a
subject’s body surface area.

[0043] In addition to being effective anticancer agents in their own right (U.S.
Pat. Nos. 6,214,874, 6,417,234, 6,608,108), NDGA derivatives appear able to solve the drug
resistance problem associated with many cytotoxic drugs commonly used in clinics. High
efficacy of cancer control can be achieved by using these relatively nontoxic derivatives and
other cytotoxic drugs jointly in low concentrations. The NDGA derivatives may thus be used as
primary chemotherapeutic agents with a variety of cytotoxic agents that are used as
chemotherapeutic agents for cancerous or benign tumors, for example, Dox, vinblastine,
paclitaxel, and vincristine. As used herein, such additional chemotherapeutic agents will be
referred to as "secondary" chemotherapeutic agents. When in combination with NDGA
derivatives, reduced concentrations of these secondary chemotherapeutic agents are sufficient to
achieve high efficacy. A listing of additional commonly used chemotherapeutic agents to be
included in the meaning of “secondary chemotherapeutic agents” as used herein can be found in
Blagosklonny, Cell Cycle 3: e52-e59 (2004); other cytotoxic compounds will be known to those
of skill in the art.

[0044] The NDGA derivatives described herein may also be used for treatment of
resistant viral, bacterial and other similar infections, by administration of these derivatives in
combination with pharmaceutical compounds to which the microorganisms have become
resistant due to the presence or overexpression of drug resistance genes.

[0045] Thus, the invention provides the use of the use of an NDGA derivative for
preventing at least one of synthesis and function of drug transporter protein Pgp in a cell, the

NDGA derivative having a formula
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CH;

CH;

Ry
wherein Ry, Ry, R; and Ry are each independently selected from the group consisting of HO-,
CHj3 O- and CH3(C=0)O-, provided that Ry, Ry, R3 and Ry are not each HO- simultaneously; an
amino acid residue; a substituted amino acid residue; and physiologically acceptable salts of the
derivative. Also included for this use are compounds of this formula wherein one of R, Ry, Rs
and Ry is a saccharide residue and the remaining R groups are independently selected from HO-,
CH3 O- and CH3(C=0)0-, and physiologically acceptable salts of the compound. The amino
acid residue, substituted amino acid residue or saccharide residue are optionally joined to the
phenyl ring by a linker of 1-10, more usually 1-6, carbon atoms, and an oxygen atom, as noted
above. It is preferred that at least one of R;-R4 comprise an amino acid residue; a substituted
amino acid residue; and a saccharide residue.

[0046] The amino acid residue may be, for example, a residue of a naturally
occurring amino acid, or a derivative thereof, or a residue of an amino acid having at least two
-CHa- groups present between the amino group and the carboxyl group, or a derivative thereof.
In one embodiment, tetra-o-methyl nordihydroguaiaretic acid (M4N) is used. Chemical
induction may be caused, for example, by chemotherapeutic agents such as Dox, vinblastine,
paclitaxel, and vincristine. The cell may be, for example, a tumor cell, or an infectious
microorganism, such as a virus, bacterium, parasite, or fungus.

[0047] The synthesis or function of Pgp may be prevented, e.g., by inhibition of
chemical induction, preventing transcription of MDR1 and/or preventing synthesis of Pgp in a
cell. The cell fnay be, for example, a tumor cell, or an infectious microorganism, such as a
bacterium, virus, parasite or fungus.

[0048] Correspondingly, the invention provides a method for preventing at least
one of synthesis and function of drug transporter protein Pgp in a cell, the method comprising
administering an effective amount of one of the above-mentioned NDGA derivatives to a cell.

[0049] The above-mentioned derivatives may also be used in combination with

one or more other chemotherapeutic agents, to treat cancer. These secondary chemotherapeutic
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agents may be, for example, Dox, vinblastine, paclitaxel, or vincristine. It has been found that
4speciﬁc ratios of about 2:1 to about 100:1, more often about 10:1 to about 50:1‘( e.g. about
20:1), of NDGA derivative to secondary chemotherapeutic agent are particularly advantageous,
as they provide optimal results for minimum dosages of each agent. In this context, "about"
means £25%, i.e. ratios of 15:1 to 24:1 for a ratio of about 20:1, for instance.

[0050] Accordingly, it will be clear that the NDGA derivatives described above
are useful to prevent or overcome multiple drug resistance in cancer cells, and that the invention
provides a method and use for overcoming drug resistance in cancer cells, comprising
administering an effective amount of the above-mentioned NDGA derivatives to the cancer cells
for preventing or overcoming MDR. The drug resistance may be, for example, resistance to
Dox, vinblastine, paclitaxel, vincristine, as well as other drugs that are used to treat cancer.

[0051] Thus, the invention also provides a method of treating cancer, comprising
administering an NDGA derivative or physiologically acceptable salt thereof, wherein the
NDGA derivative has a formula

R3
CH,

Ry

CH;
Ry

wherein

i) at leést one of R;-R4 comprises an amino acid residue having at least 2 -CH,- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 -CH,- groups between an amino and a carboxyl group, and the remaining R
groups are independently selected from HO-, CHz O- and CH3(C=0)O-; or

ii) one of R;-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CH3 O- and CH;3(C=0)O-; the amino acid residue, substituted amino acid residue or
saccharide residue being optionally joined to the phenyl ring by a linker of 1-10 carbon atoms
and an oxygen atom;
in combination with a secondary chemotherapeutic agent, to treat cancer.

[0052] Such secondary chemotherapeutic agents may be, for example, Dox,

vinblastine, paclitaxel, and/or vincristine. The cancer may be a human cancer, for example,
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breast cancer, lung cancer, melanoma, ovarian cancer, multiple myeloma, and Non-Hodgkin's
Lymphoma or may be cancer in a nonhuman animal, especially a mammal.

[0053] The invention also provides a method of overcoming drug resistance in a
microorganism, comprising administering to said microorganism or a host containing the
microorganism an effective amount of an NDGA derivative or physiologically acceptable salt
thereof, wherein the NDGA derivative has a formula

R3
CH,

Ry

CH;
Ry

wherein R;, Rz, R3 and R4 are each independently selected from the group consisting of HO-,
CH; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms; with the proviso that

1) atleast one of Rj-R4 comprises an amino acid residue or substituted amino acid
residue, or

1) one of R;-R4 comprises a saccharide residue.

[0054] The microorganism may be, for example, a virus, a bacterium, a parasite
or a fungus.
[0055] Thus, the invention also provides a method of treating a drug-resistant

infection in an animal, comprising administering an effective amount of an NDGA derivative as
described above to the animal, along with at least one drug (e.g. antibiotic) to which the
infection is resistant. The infection may be, for example, a viral, bacterial, parasitic or fungal
infection.

[0056] The invention also provides compounds and compositions to be used for
the above-mentioned purposes. In particular, the invention provides a compound or a

physiologically acceptable salt of the compound, the compound having a formula
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R3
CH;
R;
Ry
CH;
Ry
wherein

i) atleast one of R;-R4 comprises a 8-, y- or higher order amino acid residue linked to
the phenyl ring through an oxygen atom; or

ii) one of Ri-R4 a saccharide residue, optionally linked to the phenyl ring through an
oxygen atom and 1-10 -CH,-groups; and

[0057] the remaining R groups are -OCH3.

[0058] In one embodiment of this aspect of the invention, at least one of Ri-Ry is
a f3-, v- or higher order amino acid residue, optionally linked to the phenyl ring through an
oxygen atom and 1-10 -CH;- groups. The remaining R groups may be, for example, HO-, CHs
O- or CH3(C=0)0O-. In another embodiment, one of Rj-Ry is a saccharide moiety, and the
remaining groups are independently selected from HO-, CH; O- or CH3(C=0)O-.

[0059] In one embodiment, at least one of R;-R4 is a B-amino acid, and the
remaining R groups are CH30-. - and y-amino acids refer to amino acids that have 2 or 3 -
CH,- groups, respectively, between the amino and carboxyl groups. In one embodiment, 8- and
-amino acid residues correspond to naturally occurring amino acids with one or two additional -
CH,- groups, respectively, present between the amino and carboxyl groups.

[0060] In one embodiment, one of R;-R4is a mono-or disaccharide, for example,
galactose or maltose. Examples of derivatives of these types are maltose-M3N and galactose-
M;N, as described above, maltose-CH,-CH,-O-M3N, and galactose-CH,-CH,-O-M3N.

[0061] Additional examples of compounds of the invention are 5-((2S,3R)-4-
{3,4-bis[4-(dimethylamino)butanoyloxylphenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)butanoyloxy]phenyl 4-(dimethylamino)butanoate and
5-((2S,3R)-4- {3,4-bis[4-(dimethylamino)propanoyloxy|phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)propanoyloxy]phenyl 4-(dimethylamino)propanoate. '
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[0062] These and other compounds of the invention may be formulated into
compositions optionally with secondary chemotherapeutic agents,‘ antibiotics and/or .
pharmaceutically acceptable excipients or carriers. In this regard, it has been found that certain
combinations of NDGA derivatives and other chemotherapeutic agents can be optimally
delivered in a specific molar ratio, e.g. from about 2:1 to about 100:1, for example about 20:1,
with predetermined synergy of suboptimal concentrations for both compounds. Accordingly, in
one embodiment, the pharmaceutical compositions of the invention are formulated in these
preferred ratios, e.g. 2.4:1, 20:1, 50:1.

[0063] Accordingly, also included in the invention is a composition comprising
an NDGA derivative, or a physiologically acceptable salt thereof, and a secondary

chemotherapeutic agent, the NDGA derivative having a formula

R3
CH,
R;
Ry
CH,
Ry
wherein

i) at least one of R;-R4 comprises an amino acid residue having at least 2 -CH,- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 -CH,- groups between an amino and a carboxyl group, and the remaining R
groups are independently selected from HO-, CH3 O- and CH3(C=0)O-; or

ii) one of R;-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CH3 O- and CH3(C=0)O-;
the amino acid residue, substituted amino acid residue or saccharide residue being optionally
joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

[0064] Another aspect of the invention provides a method for determining such
advantageous ratios of NDGA derivatives and other chemotherapeutic agents, and compositions
comprising NDGA derivatives or physiologically acceptable salt thereof and secondary

chemotherapeutic agents in these ratios. The method comprises the steps of
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(@) administering a series of compositions of varying dosages of an NDGA
derivative or physiologically acceptable salt thereof and a secondary chemotherapeutic agent to
a culture of cancer cells;

(b)  measuring the growth rate of said cells;

(c)  using an isobologram method or combination index method to determine optimal
combination dosages to achieve comparable efficacy with suboptimal concentrations for both
the NDGA derivative or physiologically acceptable salt thereof and the secondary
chemotherapeutic agent; and

(d formulating a compositién comprising the optimal dosages.

[0065] Preferably the optimally formulated composition is administered to a
patient in need of treatment.

[0066] For example, an optimal combination of maltose-M3;N or MsN with
paclitaxel has been found to be 320 pmoles/m*:16 pmoles/m>.

[0067] This application claims priority to U.S. provisional application no.

60/616,114, which is incorporated herein by reference.
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EXAMPLES
| [0068] The present invention will now be described in more detail with reference
to the following specific, non-limiting examples.

[0069] The examples below demonstrate that M4N and other NDGA derivatives
can control the synthesis of Pgp by blocking Sp;-regulated MDR-1 gene expression. The results
show that MyN is effective in preventing Dox induction of MDR-1 gene and maintaining drug
sensitivity of MCF-7 cells. MyN and Dox showed synergistic effect in suppression of MCF-7
cell growth. Furthermore, cell growth, MDR gene expression and synthesis of Pgp protein in
NCIADR-RES cells were all greatly reduced following MyN treatment. In addition, the
examples show that combinations of NDGA derivatives and secondary chemotherapeutic agents

are synergistic and are highly effective in reducing tumor growth in vivo.

EXAMPLE 1

[0070] M;yN treatment blocks cellular proliferation of MCF-7 and NCI/ADR
cells in culture and in xenografts of Thy/Thy mice.
METHODS

[0071] MCEF-7 cells (a human mammary carcinoma cell line, obtainable from the

ATCC P.O. Box 1549, Manassas, VA 20108) were seeded into 24-well plates at 1.5 x 10*
cells/well in 500 pl of Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS) and the antibiotics penicillin and streptomycin. Varying concentrations of
M,N were added the next day. After incubation for an additional 3 days, cell proliferation was
assessed by the MTT assay. For the xenograft study, female athymic nude (nu/nu) mice 5-6
weeks of age were implanted subcutaneously (s.c.) in their flanks with 2 x 10® MCF-7 cells or 2
x 10° NCI/ADR cells (obtained from the Tumor Repository Developmental Therapeutic
Program, NCI — Frederick, MD) suspended in Hank’s balanced salt solution (HBSS). When the
tumors exhibited a mean diameter of 7-8 mm, the mice were fed with M4N in sterilized food
balls (approx. 300 mg of MyN in 2.5 ml of heated corn oil, mixed with 9 grams of Basal mix
powder, Harlar Teklad Co., 2.0 ml of H,O per ball). The mice were assigned to a treatment
group that received MyN dissolved in a 6% Cremaphor EL, 6% ethanol and 88% saline, and to a
control group that received the vehicle only. Assignment was made so that both the control
group and the experimental group contained mice bearing tumérs of comparable sizes. Mice

received a single daily 100 pL intraperitoneal (i.p.) injection containing 2 mg of MyN for 3
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weeks. The control mice received an equal volume of the vehicle. Tumors were measured in
two perpendicular dimensions (L and W) once every seven days, and the tumor volumes were
calculated according to the following formula: V = (L x W/2)* x #/6. The results from the
individual mice were combined and the average tumor volume was determined. Statistical

significance of the mean differences in tumor volume was assessed by Student’s t-test.

RESULTS

[0072] As shown in Fig. 1, M4N was able to inhibit both MCF-7 and NCI/ADR-
RES cellular growth both in culture (Fig. 1A) and in tumor xenografts (Fig. 1B). MN was more
effective in inhibition of growth of MCF-7 than growth of NCI/ADR-RES. To achieve a total
cell arrest in 72 hours, it required 40puM of MyN for NCI/ADR-RES while only 20 uM of MuN
was sufficient for MCF-7 cells. MyN also greatly reduced the tumor sizes of both types of
xenografts following 21 days of systemic treatments either by IP injection daily of MyN or
following oral feeding by adding M4N in the food balls (Fig. 1B).

EXAMPLE 2

[0073] Cdc2 and survivin expression are greatly reduced in MCF-7 and
NCI/ADR cells following MsN treatment.
METHODS

[0074] After treatment with indicated MyN concentrations, MCF-7 and

NCI/ADR cell monolayers were washed with PBS and harvested with 10 mM EDTA and 10
mM EGTA in PBS. The washed cells were pelleted and lysed in RIPA Buffer ( 50mM tris-HCI,
pH 7.4, 150mM NaCl, 1% Triton x-100, 1% sodium deoxycholate, 0.1% SDS and 1mM EDTA)
containing Protease Inhibitor Cocktail (Sigma Chemical Co., St. Louis, MO.). Protein
concentrations were determined with the Bio-Rad protein concentration assay solution. Twenty-
five micrograms of protein were separated on a 14% SDS PAGE gel and electroblotted to a
Hybond enhanced chemiluminescence (ECL) nitrocellulose membrane (Amersham Biosciences,
Piscataway, NJ) using a semi-dry electroblot aparatus. Primary rabbit polyclonal antibodies
against Cdc2 (Oncogene Research Products, cat. # DO4431-1), survivin (Santa Cruz |
Biotechnology, Santa Cruz, CA, cat. # SCBT 10811), and.cyclin B (Santa Cruz Biotéchnology,
cat. # SCBT H-433) and primary mouse polyclonal antibody actin (Santa Cruz Biotechnology,
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cat. #SC-8432) were used at a final concentration of 0.2 ug/mL. The secondary antibodies were
anti-rabbit or anti-mouse IgGs conjugated to horseradish peroxidase. The filters were developed
with the ECL Western Blot Detection Kit (Amersham). The chemiluminescence filters were
placed against X-ray film for detection of protein bands.

RESULTS

[0075] In addition to the effect on tumor growth (Fig. 1), Mu4N treatment greatly
inhibited Cdc2 and survivin gene expression in MCF-7 (Fig. 2A) and in NCI/ADR-RES cells
(Fig. 2B). Upon 3 days of treatment of M4N (15uM), there was a >95% inhibition of Cdc2 and
>60% of survivin in MCF-7 cells. Both Cdc2 and survivin in NC/ADR-RES cells were also
greatly reduced following 2 days of MuN (40 uM) treatment (Fig. 2B).

EXAMPLE 3
[0076] MuN on induction and expression of MDR.
METHODS
Cell culture and drug additions
[0077] The human breast cancer cell line, MCF-7, was obtained from ATCC.

The multidrug resistant cell line, NCI/ADR-RES, was obtained from the DTP Human Tumor
Cell Line Screen (Developmental Therapeutics Program, NCI). Both cell lines were maintained
in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum and the
antibiotics penicillin and streptomycin. The NDGA derivative, M4N, was synthesized as
described previously (1, 13). Stocks c;f M;N and paclitaxel (Sigma-Aldrich, St. Louis, MO)
were prepared in dimethyl sulfoxide (DMSO) and added to the cell culture medium so that the
final concentration of DMSO was one percent. Aqueous stocks of Dox (Sigma-Aldrich) were
prepared and filter sterilized before dilution into growth medium.
Cytotoxicity assay

[0078] NCI/ADR-RES cells were seeded at a density of 2 x 10 cells per well in
24 well plates and 24 h later the growth medium was supplemented with M4N, Dox, paclitaxel
or combinations of MyN with Dox or M4N with paclitaxel. M4N was used at concentrations
between 1.5 and 48 pM. For the combination of MyN and Dox a constant molar‘ratio of2.4:1
(MyN:Dox) was used and for MyN and paclitaxel the ratio was 20:1 (M4N:paclitaxel). Three
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days after drug addition cytoxicity was assessed with the SRB assay (14) with 540 and 690 nm -
(reference) absorbance measured with a Power Wave 200 microplate reader (Bio-Tek
Instruments, Winooski, VT).
Evaluation of drug interactions

[0079] The combination index (CI) isobologram method of Chou and Talalay
(16, 17, 18, 19) which is based on the median effect principle, was used to calculate synergism
or antagonism for the combined drug effects. Dose-effect curves for each drug, singly and in
combination, in serially-diluted concentrations were plotted using the median-effect equation
and plot (18, 20) and the CI equation and plot (19). CI values at different effect and dose levels
and isobolograms were generated automatically using the computer software CompuSyn (20).
With this method, additive, synergistic or antagonistic effects are indicated by CI values of 1,
<1, and >1, respectively. Comparison of the ratio of doses required to reach a given effect level
for each single drug and the drugs in combination was used to determine the dose-reduction
index (DRI).
RT-PCR

[0080] Total RNA was isolated using the Trizol Reagent (Invitrogen, Carlsbad,
CA). RT-PCR was carried out with the Superscript II One-Step RT-PCR system with Platinum
Taq DNA Polymerase (Invitrogen) according to the manufacturer’s protocol using
oligonucleotide primers specific for MDR1:

5’-ACATGACCAGGTATGCCTAT-3’ (SEQ ID NO:1)

5’-GAAGATAGTATCTTTGCCCA-3’ (SEQ ID NO:2)
and GAPDH:

5’-CCATCACCATCTTCCAGGAG-3’(SEQ ID NO:3)

5’-CCTGCTTCACCACCTTCTTG-3’(SEQ ID NO:4)
The RT-PCR products were separated by agarose gel electrophoresis and stained with ethidium
bromide. Relative band intensities were quantified by ImageJ software (NIH, Bethesda, MD).
Western blotting

[0081] Cultured cells were incubated in a solution of 10 mM EDTA and 10 mM
EGTA in PBS and then harvested by scraping with a Teflon® cell scraper. The cells were
pelleted and lysed in modified RIPA buffer [S0 mM Tris-HCI (pH 7.4), 1% NP-40, 0.25% Na-
deoxycholate, 150 mM NaCl, 1 mM EDTA (pH 8.0)] containing Protease Inhibitor Cocktail

(Sigma Chemical Co.). The lysate was cleared by centrifugation and protein concentrations
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were determined with the Bio-Rad Protein Assay (Bio-Rad Laboratories, Hercules, CA).
Protein samples were separated by SDS-PAGE and electroblotted to a Hybond enhanced
chemiluminescence (ECL) nitrocellulose membrane (Amersham) with a semidry blotting
apparatus and detected as described in the instruction manual of the ECL Western Blotting
System (Amersham). The antibodies used were primary rabbit polyclonal antibodies against
Pgp and cyclin B and a horseradish peroxide conjugated secondary antibody (Santa Cruz
Biotechnology). Relative band intensities were measured with ImageJ software.
Rhodamine 123 efflux assay

[0082] NCI/ADR-RES cells were cultured in the presence of 0, 1.25, 2.5, 3.75
and 5.0 uM MyN. After three days the cells were harvested by trypsinization and resuspended at
a density of 5.0 x 10° cells/ml in the same media containing 1.0 pg/ml Rhodamine 123 (Sigma-
Aldrich, St. Louis, MO). Following a one hour incubation at 37°C, the Rhodamine loaded cells
were washed twice with ice-cold PBS and resuspended in media with the starting concentrations
M;N. During the efflux phase, 5.0 x 10° cells were collected every 15 minutes, washed in ice-
cold PBS, resuspended in 100 p! of ice-cold PBS and analyzed by fluorometry at an excitation

wavelength of 485 nm and an emission wavelength of 535 nm.

RESULTS
Evaluation of the combined effect of MyN and the chemotherapeutic agents Dox and
paclitaxel

[0083] MyN, Dox, and paclitaxel as single agents or in combination inhibited the

growth of the multidrug resistant human breast cancer cell line NCI/ADR-RES in a dose
dependent manner. The average ICso value for MyuN was 8.67 pM, while the ICs values for
Dox and paclitaxel were 3.22 pM and 3.26 pM respectively (Table 1). The ICs, values for Dox
and paclitaxel are indicative of the MDR phenotype displayed by NCI/ADR-RES cells as the
reported ICs, values for these two agents are 130 nM and 6.4 nM for MCF-7, a drug sensitive
human breast cancer cell line (10). Conversely, the ICsy value for M4N against MCF-7 from our
previous studies (5) is approximately 7 uM, nearly the same as that for the drug resistant cell
line. When used in combination in NCI/ADR-RES cells, M4N and Dox had ICs, values of 5.63
+2.34 uM. For the MyN and paclitaxel combination the ICs, values were 3.31 + 0.17 uM
(Table 1), | | |
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[0084] Two methods, the isobologram method and the combination index (CI)
method, were used to determine if there is synergy between M4N and Dox or paclitaxel.
Isobolograms were constructed for the doses of MyN and Dox and MyN and paclitaxel necessary
to inhibit growth 90% (Fa = 0.9), 75% (Fa = 0.75) and 50% (Fa = 0.5). The experimental data
points for both drug combinations were at drug concentrations below the expected additive
effect line for each of these values, indicating that there is a strong synergy (i.e., CI < 0.3)
between MyN and the two secondary chemotherapeutic agents (Fig. 3). In addition, the median
effect analysis of Chou and Talalay (19) was used to calculate the combination index (CI) for the
two drug combinations. The M4N and Dox combination was very strongly synergistic (CI <0.1)
at high dose levels (EDgp and EDys), whereas MuN and paclitaxel were strongly synergistic (CI =
0.41 — 0.14) across the entire range of doses (Figs. 3-5, Table 1).

[0085] The dose reduction index (DRI) determines the fold dose-reduction
allowed for each drug in synergistic combinations. This is important since dose reduction
results in reduced toxicity while maintaining the desired efficacy. As a result of their synergism,
the DRI exhibited a sizeable dose reduction for each of the drugs (Table 1). The DRI indicated
that the concentration of Dox necessary to inhibit the growth of 75% of NCI/ADR-RES cells
(ED75) could be decreased 6.47 fold, i.e. from 30.5 uM to 4.7 uM by the concurrent
administration of 11.3 pM MyN, and the EDgs could be reduced 87.6 fold. Similarly, the EDs
of paclitaxel could be decreased 19.63 fold and the EDys, 300.3 fold.
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EXAMPLE 4
M4N inhibition of MDR1 gene expression and P-giycoprotein levels

[0086] We next examined the effect of MyN on MDR1 gene expression to
determine whether the observed synergy between MyN and Dox and paclitaxel in multidrug
resistant cells is the result of reversal of the MDR phenotype. We postulated that M;N, through
its ability to inhibit Spl binding, might down regulate MDR1 gene expression. To examine this
possibility, NCI/ADR-RES cells were exposed to 0, 5, 10 and 20 pM MyN for three days, after
which total RNA and protein were examined for levels of MDR1 mRNA and Pgp. After
treatment with 20 pM MyN, the level of MDR1 mRNA in the cells was reduced to 36.3% of the
untreated value after normalization to the housekeeping gene GAPDH (Fig. 6A). The amount of
Pgp was also reduced with its abundance decreasing to 17.8% of the control amount after a three
day exposure to 20 uM MyN (Fig. 6B). Even a three day exposure to 5 pM MyN resulted in a
21.8% reduction in Pgp. The levels of Pgp were normalized to cyclin B1, whose expression, |
according to our previous results, is unaffected by MyN (4, 5).

[0087] The results indicate that MsN may be able to reverse the MDR phenotype
by inhibiting the constitutive expression of MDR1 mRNA and Pgp in multidrug resistant cells.

EXAMPLE 5
Effect of M4N on ability of cells to acquire resistance after chemotherapy

[0088] Next we investigated whether MuN could be used to prevent cells from
acquiring resistance after exposure to chemotherapy. MDR1 gene expression is induced when
the drug sensitive human breast cancer cell line is exposed to low doses of Dox. We treated
MCF-7 cells for two days with 0.05 uM Dox in the presence or absence of 5.0 uM M;N and
measured the relative amounts of MDR1 mRNA and Pgp protein. Treatment with Dox in the
absence of MyN induced measurable expression of both MDR1 mRNA and Pgp (Fig. 7). MDR1
expression was not detectable in MCF-7 cells without exposure to Dox. Induction of MDR1

expression was abolished, however, by combination treatment with MyN (Fig. 7).

EXAMPLE 6
Effect of M4N on Rhodamine-123 efflux in multidrug resistant cells

[0089] Efflux of Dox and paclitaxel from rﬁultidrug resistant cells is ~rnediated by
Pgp. The Pgp substrate Rh-123 was used to examine the effect of Pgp down regulation by MyN
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on drug efflux. NC/ADR-RES cells were incubated for three days in the presence of 0, 1.25,
©2.5,3.75 and 5.0 tM MyN. The cells were then loaded with Rh-123, washed and allowed to
efflux with or without M4N. During the efflux period, the cells were assayed for the amount of
cell-associated Rh-123 at 15 min intervals for an hour. Untreated resistant cells had an Esq (time
at which 50% of Rh-123 is retained by the cells) of approximately 12 minutes (Figure 8).
Treatment of cells with 1.25, 2.5, 3.75 and 5.0 pM MyN increased the Esg to 12.5, 12.5, 15 and
20 minutes respectively. These results on slowing down the drug efflux are consistent with the

reduction of Pgp levels in cells by MyN.

EXAMPLE 7
Saccharide substituted MyN derivatives
[0090] We synthesized a novel water soluble MyN analogue, Maltose-M;N, by

replacing a methyl group on MyN at 3' or 4’ position with a maltose molecule. Ir vitro and in
vivo anticancer activity of Maltose-M3;N against five human cancer cell lines was evaluated. Its

inhibitory effect on Cdc2 and survivin expression was also examined.

METHODS
Synthesis of Maltose-M3N
[0091] M;N was obtained as a by-product from the synthesis of MN, and

purified with silica gel chromatography (1). M3N (0.47 g) and S-maltose octa-acetate (1.85 g)
(21, 23) were dissolved in dichloromethane (5 ml), and treated with boron trifluoride etherate
(2.0 ml) for 3-4 hours. After decomposition of excess boron trifluoride, the organic solution was
washed with cold solutions of sodium bicarbonate and sodium chloride, evaporated to a syrup,
and dissolved in 95% EtOH for chromatography in a column of Sephadex LH-20 (5 x 200 cm).
The product was separated by chromatography from the excess maltose acetate as well as
unreacted M3N (the unreacted MzN can be reused for another round of maltosylation).
Maltosylated M3N (solid) is deacetylated in dry methanol with catalytic amount of sodium
methoxide, and sodium methoxide is removed with Dowex 50 x 8 (hydrogen form).
Evaporation of the methanolic solution yielded solid product. The final isolated yield was 35-
40% of the starting MsN, but the yield may be increased to 60% or greater by reglycosylating
the unreacted M;sN.
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[0092] Galactose MsN and other saccharide derivatives may be made using this
method with appropriate changes to the starting compounds, as will be appfeciated by those of
skill in the art. Such compounds can be tested for efficacy using the methods described above

and below.

Cell culture and Maltose-M;N Treatment

[0093] Human tumor cell lines were obtained from ATCC (Mannassas, VA).
The human hepatocellular carcinoma cell line, Hep3B, was maintained in Eagle’s MEM
supplemented with 10% FBS; the human breast cancer cell line, MCF7, was grown in DMEM
containing 10% FBS; the human colorectal carcinoma cell line, HT29, was cultured in McCoy’s
52 medium with 10% FBS; the human prostate carcinoma cell line, LNCaP, was maintained in
RPMI 1640 with 10% FBS and human erythroleukemia cell line, K562, was propagated in
Iscove’s modified Dulbecco’s medium (IMDM) containing 10% FBS. All of the cultures
contained the antibiotics penicillin and streptomycin. The C3 cell line was generated by
transfection of the EJras-transformed C57B16 (B6) mouse embryo cells with full length HPV16.
C3 cells were grown and maintained in IMDM supplemented with 5% FBS plus penicillin and
streptomycin.

[0094] For cell culture experiments, Maltose-M3;N was dissolved in water to a
concentration of 10 mM and then sterilized by filtration. Cells were seeded at approximately 2 x
10° cells per cm” in complete media. Twenty-four hours after seeding, the growth media was

removed and replaced with media containing the desired concentrations of Maltose-MsN.

Cell Viability

[0095] Twenty thousand cells were seeded into each well of 24-well plates.
Twenty-four hours later, the medium was replaced with new medium containing various
concentrations of Maltose-MsN. After 3 days of incubation, the medium was changed to MTT
solution containing 500 pg MTT, 5% FBS, and 100 units/ml of penicillin and streptomycin
dissolved in PBS. Two hours after incubation, MTT solution was removed and replaced with
500 ul DMSO/well. The solubilized dye was transferred to 96-well plates and read at the
wavelength of 540 nm using an ELISA reader.

Western Blotting
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[0096] After the desired drug incubation times, media were collected and
monolayer cell cultures were scraped with a Teflon® policeman in a solution of 10 mM EDTA
and 10 mM EGTA in PBS. The cells were pelleted and lysed in modified RIPA buffer [50 mM
Tris-HCI (pH 7.4), 1% NP-40, 0.25% Na-deoxycholate, 150 mM NacCl, 1 mM EDTA (pH 8.0),
and 1x Protease Inhibitor Cocktail (Sigma Chemical Co.)]. Protein extracts were then quantified
with the Bio-Rad protein concentration assay solution and stored at -80°C. For western blots,
proteins were separated by SDS-PAGE and electroblotted to a Hybond enhanced
chemiluminescence nitrocellulose membrane (Amersham) with a semidry blotting apparatus and
detected as described in the instruction manual of the enhanced chemiluminescence kit
(Amersham Pharmacia). The antibodies used were the primary rabbit polyclonal antibodies
against Cdc2, survivin, and B-actin and the horseradish peroxide-secondary antibody (Santa

Cruz Biotechnology).

Maltose-M;N Treatment of C3 Cell-induced Tumors in Mice

[0097] Four C57bl/6 mice were inoculated with 5 x 10° C3 cells subcutaneously
between the shoulders. Tumors were allowed to develop for approximately 20 days. The mice
then received daily intratumoral injections of 0.1 ml of 0.15 M NaCl, 10 mg, 20 mg or 40 mg of
Maltose-MzN dissolved in 0.15 M NaCl. After4 days of treatment, the mice were euthanized
and the tumors were excised, immediately fixed and then stored in 4% formaldehyde in PBS.
Tissue éamples were then sent to Paragon Bioservices (Baltimore, MD) for histology and

immunohistochemistry using antibodies against Cdc2 and survivin.

RESULTS
In vitro and in vivo anticancer activity of Maltose-M3N against human tumors
[0098] + The growth inhibitory effect of Maltose-M;N was evaluated in five

human cancer cell lines, including Hep3B, HT29, K562, LNCaP, and MCF7. Exposure of the
cells to Maltose-M;N for 3 days resulted in a dose-dependent decrease in cell viability in every
cell line tested with ICsy values between 20 pM and 40 pM, very similar to the patterns observed
for M4N (Fig. 9A). DAPI staining of the nuclei of Maltose-M3;N-treated Hep3B was performed
to identify condensed nuclei of apoptotic bodies (Fig. 9B) and confirmed the Maltose-M3N

associated cell death occurred via apoptosis.
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Inhibition of Cdc2 and survivin gene‘expression by Maltose—M3N

[0099] To examine whether Maltose-M3N suppresses Cdc2 and survivin protein
productivity, cell cultures were exposed to a growth inhibitory dose of Maltose-M3N and protein
was extracted after 24 and 72 hours of treatment. Western blot analysis of the protein samples
showed decreased Cdc2 and survivin protein expression in the treated cells. Compared to MyN,

Maltose-M3N exhibited similar inhibition of Cdc2 and survivin protein expression (Fig. 10).
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In Vive Antitumor Activity

[0100] In a preliminary test for in vivo antitumor efficacy of Maltose—M3.N, C3
tumors received single daily intratumoral injections containing various concentrations of
Maltose-M3N for 4 days. Following the treatments, the mice were euthanized, photographed,
and tissue samples were analyzed by H&E, Cdc2, and survivin staining. The color of the treated |
tumors appeared darker compared to that of the control. The color change was associated with
elevated levels of apoptosis and necrosis as evidenced by the H&E staining. In addition, the
treated tumors clearly showed reduced expression levels of both Cdc2 and survivin protein

compared with the control tumor (Fig. 11).

EXAMPLE 8
Combination therapy of M4N or maltose-M3;N and paclitaxel against NCI/ADR-RES

resistant breast cancer xenografts in nude mice

METHODS

[0101] Nude mice bearing NCI/ADR-RES multidrug resistant breast cancer
xenografts were used as a model for combination therapy to further examine synergy between
M:N and paclitaxel.

[0102] T-cell deficient female nude (nu/nu) mice, 5-6 weeks of age, were

purchased from Charles River Laboratories (Wilmington, MA) and were housed in a pathogen-
free room. All experiments involving the mice were carried out in accordance with the Johns
Hopkins University Animal Care and Use Committee guideline. The mice were implanted
subcutaneously in both flanks with 1 x 10° NC/ADR-RES cells suspended in Hank’s balanced
salt solution (HBSS). When the tumors exhibited a mean diameter of 2-4 mm, the mice were
randomly assigned to treatment groups (7 mice per group), solvent alone, that received MyN or
Maltose-M;3N alone, or in combination with paclitaxel. For intraperitoneal (i.p.) administration,
MyN, maltose-M;3N and paclitaxel were dissolved in a recently developed reduced cremophor
solution containing 20% (v) dehydrated ethanol, 20% (v) Cremophor EL, PEG 300, <11% (v)
Tween 80 (22). Daily injections of 0.05 ml were performed for each drug and drug
combination.

[0103] Tumors were measured in two perpendicular dimensions once every
seven days, and the tumor volumes were calculated according to fhe following formula: |

Tumor volume = (a x b)/2
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where a is the width of the tumor (smaller diameter) and b is the length (larger diameter) (23).
The mean tumor volume and standard error were calculated for each treatment group. Relative
mean tumor volumes, (V/Vo), where V is the mean tumor volume at a particular time and Vo is
the mean tumor volume at déy 0 (23), were determined and used to assess tumor growth
inhibition (T/C value) using the following equation:
T/C (%) = Relative Mean Tumor Volume of treated/
Relative Mean Volume of control x 100.

[0104] The NCI standard for the minimal level for antitumor activity (T/C <
42%) was adopted (25). At the termination of the experiment the tumors were excised and fixed
in formaldehyde. Tissue samples were then sent to Paragon Bioservices for histology and
immunohistochemistry using antibodies against human P-glycoprotein (Pgp).

[0105] Two dosage regimens of MyN and paclitaxel, both with a constant molar
ratio of 20:1 (MN:paclitaxel), were employed as determined by in vitro testing to be synergistic
as shown in Table 1. The 8 and 16 umol/m2 doses of pactitaxel were submaximal based on
values from other studies (22) and the M4N doses of 160 and 320 umol/m2 were arrived at by
decreasing the maximum tolerated dose used in our previous study with MCF-7 breast cancer
xenografts (5). An additional NDGA. derivative was also tested. Maltose-M3N was developed as
a water soluble alternative to M4N, however for consistency it was dissolved in the same
reduced cremophor solvent system as MyN and paclitaxel for this study. For control mice
receiving the solvent only, the explanted tumors increased appreciably over two weeks of
treatment, with the mean tumor volume nearly tripling in size (Table 2). Tumor growth was also
noted in mice treated with submaximal doses of either MyN (320 pmol/m?), paclitaxel (16
pmol/mz) or maltose-M3N (320 umol/mz) with relative mean tumor volumes after two weeks of
1.33, 1.59 and 1.25 respectively. For the mice treated with a combination of M;sN and paclitaxel
or maltose-M3N and paclitaxel, however, the final relative mean tumor volumes were less than
one, indicating an overall decrease in tumor size (Table 2). Moreover the tumor growth
inhibition (T/C) values for each of the drug combination regimens were all lower than <42%, the
minimum level for antitumor activity according to National Cancer Institute standards (24).

[0106] The health and well being of the mice were assessed by recording their
body weights at the beginning and end of the treatment period. For each of the dosage regimens
the mean change in body weight was small (0.9 to +1.3) and not significantly differenf than that
for the control group (Table 2). The only two treatment groups exhibiting a decrease in mean
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body weight were the higher dose single drug regimens of M4N and paclitaxel (-0.2 and -0.9
'respectively). There were no mouse deaths recorded in any of the groups. An édvantage of
combination therapy with synergistic drugs is the ability to use submaximal doses of the
chemotherapeutic agents. This is reflected in the decreased toxicity of the treatment regimens as

illustrated by the stability of body weight and the zero mortality rate.

EXAMPLE 9
M,N and maltose-M;N inhibition of P-glycoprotein levels in NCI/ADR-RES breast cancer
xenograft tumors

[0107] | In order to examine the mechanism underlying the apparent synergism

between MN and paclitaxel in inhibiting the growth of the drug resistant breast cancer
xenografts, the tumors were analyzed for the presence of Pgp. Tissue sections from xenograft
tumor biopsies from each of the treatment groups in Example 8 were either stained with
hematoxylin and eosin (H&E) or immunochemically using Pgp specific antibodies. Tumor
sections from the control group exhibited robust antibody brown color staining for Pgp at the
surface of most of the tumor cells (Fig. 12). A similar pattern was seen in the paclitaxel treated
tumors. In contrast the MsN and maltose-MsN treated tumors showed a dramatic decrease in
antibody staining consistent with a decrease in the amount of Pgp protein. Tumors treated with
a combination of MyN and paclitaxel should result in tumor regression with some central
necrosis by H&E staining and an absence of Pgp antibody staining (Fig. 12). Pgp levels were

similarly decreased in the maltose-M;N/Paclitaxel treated tumors.

EXAMPLE 10
NDGA derivatives containing longer chain amino acids

[0108] NDGA derivatives wherein R;-R4 comprise at least one "long chain"
amino acid substituent, and derivatives thereof (as defined hereinabove), are also expected to be
useful. Such substituents have at least two -CH,- groups (generally 2-4) present between the
amino and carboxyl groups. Derivatives of these compounds include, infer alia, compounds

wherein the amine group has a dimethyl substitution, for example:

5-((2S,3R)-4- {3,4-bis[4-(dimethylamino)butanoyloxy]phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)butanoyloxy]phenyl 4-(dimethylamino)butanoate
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5-((28,3R)-4-{3,4-bis[4-(dimethylamino)propanoyloxy]phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)propanoyloxy]phenyl 4-(dimethylamino)propanoate

_r\)LJ‘\/\N/
P

PN AN

Scheme 1

1. Me,N(CH,);,COOH

— > N
2 HCl, | o (0] (o) ¢ ]
DCC = CH, N=C=NCH, -
DMAP = p-NMe,-pyridine
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Scheme 2

1. Me,N(CH,),COOH

DCC, DMAP O O
Cl
CH.Ch - N /\_)L k/\(
2. HCly,
DCC = C B, N=C=NCH,,
DMAP = p-NMe,-pyridine
: PN AL
[0109] Such derivatives can be made by those of skill in the art by routine

methods. For example, the following procedure can be used, with appropriate substitution of

starting material to obtain other similar derivatives.

5-((2S,3R)-4-{3,4-bis[4-(dimethylamino)butanoyloxy]phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)butanoyloxyjphenyl 4-(dimethylamino)butanoate (Meso-2,3-dimethyl-1,4-
‘bis{3,4-bis)[4-(dimethylamino)butanoyloxy]phenyl} butane) (see Scheme 1)

[0110] To a solution of NDGA (1.05g, 3.46 mmol, 1.0 equiv) and 4-
(dimethylamino)butyric acid hydrochloride (3.48 g, 20.76 mmol, 6.0 equiv) in dichlorormethane
(100 mL) was added DCC (4.28 g, 20.76 mmol, 6.0 equiv) and DMAP (422.7 mg, 3.46 mmol,
1.0 equiv). The reaction mixture was stirred under nitrogen at room temperature for 24 h. After
dicyclohexylurea in the reaction mixture was filtered off, the resultant solution was concentrated
under reduced pressure. Acetone (250 mL) was then added into the residue and the resultant
solution was bubbled with excel HCI (g). The precipitate was dissolved in water and re-
precipitated twice by use of acetone at room temperature to give the product as white solids.

[0111] Much attention and resources have been directed toward reversing the
resistance to multiple anticancer drugs that can develop after courses of adjuvant chemotherapy.
First generation MDR reversal agents were pharmacologically active compounds that also

happened to bind Pgp. These drugs were ultimately unsuccessful because their other
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pharmacological properties made them too toxic for clinical use. The present inventors have
shown that MyN and other NDGA derivatives can reverse the MDR phenotype in multidrug |
resistant cancer cells. MyN and other NDGA derivatives are uniquely suited to perform the task
of resensitizing cells to chemotherapeutic drugs such as Dox and paclitaxel. Furthermore, the
compounds of the invention are also able to inhibit Dox-mediated induction of MDR1 gene
expression, and should therefore be useful in preventing the development of MDR if
administered during the initial stages of chemotherapy. These findings result in several useful
strategies for the treatment of cancer. For example, patients whose cancers have become
resistant to multiple anticancer agents can be treated with the compounds of the invention to
reverse the MDR phenotype of the cancer cells, followed by retreatment with the original
chemotherapeutic agents or others (e.g. Dox or palictaxil). Furthermore, the compounds of the
invention can be added in low doses to the initial adjuvant chemotherapy regimen to prevent the
development of MDR.

[0112] Dox is an effective cytotoxic drug targeting newly synthesized DNA in
the form of DNA topoisomerase II complex (25, 26). When administered alone, Dox is
extremely effective in suppressing MCF-7 growth initially, yet Dox resistance is unavoidable.
The inventors have shown that low concentrations of MyN can be used to suppress MDR-1 gene
expression, both in Dox sensitive MCF-7 cells and in Dox resistant NC/ADR-RES cells. The
gene product of MDR-1, the Pgp protein, is commonly known for its ability to expel cytotoxic
drugs such as Dox. It is shown in the results detailed above that Pgp can be eliminated
following MyN treatment (Fig. 6). In the absence of Pgp, more Dox should be available at the
sites necessary for its cytotoxic activity.

[0113] In addition to suppressing MDR gene expression, MyN exerts
independently its control of cell growth at G,/M phase of the cell cycle. NDGA derivatives
together with other anticancer drugs working in concert should offer distinctive advantages in
keeping mestastatic tumor growth in check without raising drug resistances and host toxicities
consequently.

[0114] All patents and publications cited herein are hereby incorporated by

reference.
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We claim:

. 1. The use of an NDGA derivative or physiologically acceptable salt thereof
for preventing at least one of synthesis and function of drug transporter protein Pgp in a
cell; the NDGA derivative having the formula

R3
CH,

Rg
R4

CH;
Ry

wherein R;, Ry, Rs and Ry are each independently selected from the group consisting of HO-,
CH; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms, with
the proviso that

i) at least one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of R;-R4 comprises a saccharide residue.

2. The use according to claim 1 wherein at least one of R;-Ry is a residue of an

amino acid having at least two -CH,- groups present between an amino group and a carboxyl

group.

3. The use according to claim 2 wherein R;-R4 are each —CO-(CHy);-N-(CHs)s.

4, The use according fo claim 1 wherein one of R;-R4 comprises a monosaccharide
or disaccharide residue.
5. The use according to claim 1 wherein at least one of R;-R4 is an amino acid

residue, substituted amino acid residue or saccharide residue joined to the phenyl ring by a

linker of 1-10 carbon atoms.
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6. The use according to claim 5 wherein R; is -O—CH,-CH;-maltose or -O-CHo-
' CH,-galactose, and R,-R, are each —OCHs.

7. The use according to one of claims 1-6 wherein synthesis of Pgp is caused by a

chemotherapeutic agent.

8. The use according to claim 7 wherein the chemotherapeutic agent is selected

from the group consisting of doxorubicin, vinblastine, paclitaxel, and vincristine.
9. The use according to one of the preceding claims wherein the cell is a tumor cell.

10.  The use according to one of claims 1-8 wherein the cell is an infectious

microorganism.

11.  The use according to claim 10 wherein the cell is a virus, bacterium, parasite or

fungus.

12.  The use according to one of the preceding claims wherein the NDGA derivative

prevents chemical induction of multiple drug resistance gene 1 (MDR1) expression in a cell.

13.  The use according to one of claims 1-11 wherein the NDGA derivative prevents

expression of MDR1 in a cell.
14.  The use of an NDGA derivative or physiologically acceptable salt thereof in

combination with at least one secondary chemotherapeutic agent to treat cancer, the NDGA

derivative having a formula
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R3
CH;
Ry
Ry
CH,
Ry
wherein

i) at least one of R;-R4 comprises an amino acid residue having at least 2 -CH;- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 ~-CH,- groups between an amino and a carboxyl group, and the remaining R
groups are independently selected from HO-, CH; O- and CH3(C=0)O-; or

ii) one of R;-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CH3 O- and CH3(C=0)0O-;
the amino acid residue, substituted amino acid residue or saccharide residue being optionally

joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

15. The use according to claim 14 wherein at least one of R;-Ry is a residue of an

amino acid having at least two -CH;- groups present between the amino group and the carboxyl

group.
16.  The use according to claim 15 wherein R;-R4 are each —CO-(CH,;)3-N-(CHj),.

17. The use according to claim 14 wherein one of R;-R4 is a monosaccharide or

disaccharide.

18.  The use according to claim 17 wherein the monosaccharide or disaccharide

residue is joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

19. The use according to claim 18 wherein one of R;-Ry is -O-CH,-CH,-maltose or —

O-CH,-CH;-galactose, and the remaining R groups are -OCHjs.
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20. The wuse according to one of claims 14-19 wherein the secondary
chemotherapeutic agent is selected from the group consisting of doxorubicin, Vinblasﬁne,

paclitaxel, and vincristine.
21.  The use according to one of claims 14-20 wherein the cell is a tumor cell.

22.° The use according to one of claims 14-20 wherein the cell is an infectious

microorganism.

23.  The use according to claim 22 wherein the cell is a virus, bacterium, parasite or

fungus.

24.  The use according to any one of claims 14-23 wherein the molar ratio of the

NDGA derivative to the secondary chemotherapeutic agency is about 20:1.

25.  The use according to any one of claims 14-23 wherein the molar ratio of the

NDGA derivative to the secondary chemotherapeutic agency is about 2.4:1.

26.  The use of an NDGA derivative or physiologically acceptable salt thereof to

prevent or overcome multiple drug resistance in a cancer cell; the NDGA derivative having a

formula
R3
CH,
Ry
Ra
CH;
Ry

wherein Ry, Ry, R3 and R4 are each independently selected from the group consisting of HO-,
CHj; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms, with

the proviso that
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i) atleast one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of R;-R4 comprises a saccharide residue.

27.  The use according to claim 26 wherein at least one of Ri-Ry is a residue of an

amino acid having at least two -CHj- groups present between the amino group and the carboxyl

group.
28.  The use according to claim 26 wherein R;-Ry4 are each —CO-(CH,)3-N-(CHz),.

29.  The use according to claim 26 wherein one of R;-R4 comprises a monosaccharide

or disaccharide residue.

30. The use according to claim 29 wherein at least one of R;-Ry is —O-CH,-CH,-
maltose or —O-CH,-CH;-galactose, and any remaining R groups are -OCHj.

31.  The use according to claim 26 wherein the chemotherapeutic agent is selected

from the group consisting of doxorubicin, vinblastine, paclitaxel, and vincristine.
32.  The use according to one of claims 26-31 wherein the cell is a tumor cell.

33.  The use according to any one of the preceding claims wherein the cancer or cell

respectively is human cancer or a human cancer cell.
- 34,  The use according to claim 33 wherein the cancer is selected from the group
consisting of breast cancer, lung cancer, melanoma, ovarian cancer, multiple myeloma, and

Non-Hodgkin's Lymphoma.

35.  The use according to any of claims 1-34 wherein the cell is the cell of a

nonhuman animal.

36.  The use according to claim 35 wherein the animal is a mammal.
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37. A method of overcoming drug resistance in a microorganism,. comprising
administering to said microorganism or a host containing the microorganism an effective
amount of an NDGA derivative or physiologically acceptable salt thereof, wherein the NDGA

derivative has a formula

R3
CH,

Ry

CH;
Ry

wherein Ry, Ry, R3 and Ry are each independently selected from the group consisting of HO-,
CHj3; O-, CH3(C=0)0O-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms; with the proviso that

1) atleast one of Rj-R4 comprises an amino acid residue or substituted amino acid
residue, or

il) one of R;-R4 comprises a saccharide residue.

38.  The method of claim 37 wherein the microorganism is selected from the group

consisting of a virus, a bacterium, a parasite and a fungus.

39. A method of freating a drug-resistant infection in an animal, comprising
administering to the animal, along with at least one therapeutic agent to which the infection is
resistant, an effective amount of a compound or a physiologically acceptable salt of the

compound, the compound having a formula
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CH;

CH;
Ry

wherein Ry, R, R3 and Ry are each independently selected from the group consisting of HO-,
CH; O-, CH3(C=0)0-, an amino acid residue, a substituted amino acid residue and a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by an oxygen atom and a linker of 1-10 carbon atoms, with
the proviso that

i) at least one of R;-R4 comprises an amino acid residue or substituted amino acid
residue, or

ii) one of R;-R4 comprises a saccharide residue.

40.  The method of claim 39 wherein the infection is a viral, bacterial, parasitic or

fungal infection.

41. A composition comprising a compound or a physiologically acceptable salt of the

compound, the compound having a formula

R3
CHj
Rg
R4
CHj
Ry
wherein

i) atleast one of Rj-Ry is a B-amino acid residue linked to the phenyl ring through an
oxygen atom; or

ii) one of R;-R4 a saccharide residue, optionally linked to the phenyl ring through an
oxygen atom and 1-10 -CHa-groups; and

the remaining R groups are ~OCHs.
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42.  The composition of claim 41 wherein one of R;-R4 is a monosaccharide or

disaccharide.

43.  The composition of claim 42 wherein the saccharide is selected from the group
consisting of glucose, galactose, mannose, fucose, glucosamine, galactosamine and derivatives
thereof on which the -OH groups or amino groups are modified by attachment of or replacement
with substituents selected from O-methyl, O-acetyl, amino, carboxyl, lower alkyl, lower acyl,

phospho and sulfo groups.

44, The composition of claim 41 wherein one of R;-R4 is an oligosaccharide

consisting of at least two sugars of the same or different kinds.

45.  The composition of claim 42 wherein the compound is maltose-M3;N or

galactose-M;N.
46.  The composition of claim 41 wherein R;-Ry is a S-amino acid.

47. The composition of «claim 41 comprising 5-((2S,3R)-4-{3,4-bis[4-
(dimethylamino)butanoyloxy]phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)butanoyloxy]phenyl 4-(dimethylamino)butanoate or 5-((2S,3R)-4-{3,4-bis[4-
(dimethylamino)propanoyloxy|phenyl}-2,3-dimethylbutyl)-2-[4-
(dimethylamino)propanoyloxy]phenyl 4-(dimethylamino)propanoate.

48.  The composition of one of claims 41-47 that additionally comprises a secondary

chemotherapeutic agent.

49.  The composition of claim 48 wherein the secondary chemotherapeutic agent is

selected from the group consisting of doxorubicin, vinblastine, paclitaxel, and vincristine.

50.  The composition of claim 48 wherein the NDGA derivative and the secondary

chemotherapeutic agent have a molar ratio of about 2:1 to about 100:1.
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51. A composition comprising an NDGA derivative, or a physiologically acceptable

salt thereof, and a sécondary chemotherapeutic agent, the NDGA derivative having a formula

R3
CH;
Rg
R4
CHj;
Ry
wherein

1) atleast one of R;-R4 comprises an amino acid residue having at least 2 -CHj- groups
present between an amino and a carboxyl group, or comprises a substituted amino acid residue
having at least 2 -CH,- groups between an amino and a carboxyl group, and the remaining R
groups are independently selected from HO-, CH; O- and CH3(C=0)0O-; or

11) one of Ri-R4 comprises a saccharide residue and the remaining R groups are selected
from HO-, CH; O- and CH3(C=0)0-;
the amino acid residue, substituted amino acid residue or saccharide residue being optionally

joined to the phenyl ring by a linker of an oxygen atom and 1-10 carbon atoms.

52.  The composition of claim 51 wherein the NDGA derivative and the secondary

chemotherapeutic agent have a molar ratio of about 2:1 to about 100:1.

53. A composition comprising M4N or maltose-M3;N and paclitaxel in a molar ratio
of about 20:1.

54. A composition comprising MsN or maltose-M3;N and doxorubicin in a molar ratio
of about 2.4:1.

55. A method for determining an optimum dosage combination of an NDGA

derivative or physiologically acceptable salt thereof, wherein the NDGA derivative has a

formula
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R3
CH,
Rq
R4
CHs
Ry
(1)

wherein R;, Ry, R3 and Ry are each independently selected from the group consisting of HO-;
CHj; O-; CH3(C=0)O-; an amino acid residue; a substituted amino acid residue; a saccharide
residue; the amino acid residue, substituted amino acid residue or saccharide residue being
optionally joined to the phenyl ring by a linker of 1-10 carbon atoms and an oxygen atom;
and a secondary chemotherapeutic agent for treating a cancer, comprising
(a) administering a series of compositions of varying dosages of the NDGA
derivative or physiologically acceptable salt thereof and the secondary chemotherapeutic
agent to a culture of cancer cells;
(b)  measuring the growth rate of the cells;
(c)  using an isobologram method or combination index method to determine the
optimal combination dosage to achieve comparable efficacy with suboptimal
concentrations for both the NDGA derivative or physiologically acceptable salt thereof

and the secondary chemotherapeutic agent.
56. A composition comprising the optimal dosage combination of claim 55.

57.  Use of a composition of claim 56 to treat cancer.
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