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History — All Things Living

The first research publication describing polyaminated
compounds in cancer tissues occurred in 1958 in the
Proceedings of the National Acadamy of Japan (1). In
those early years, polyaminated molecules and substances
were identified in all forms of life — bacteria, fungus,
plants, and all types of eukaroytic cells. They were
determined to be critical for all types of cellular
proliferation, and indeed for the continuation of life in all
currently known cell types. Immediately, research on
polyamines expanded very rapidly. Between 1960 and
1985, there were more than 5,000 research publications
about polyaminated small molecules and compounds,
including 11 multi-chapter research review books (2-12)
and six extensive review publications (averaging more
than 50 pages per review) just by the Tabors alone (13-
18). It was anticipated that knowledge and/or control of
intracellular polyamine systems would have unlimited
industrial and medical/clinical applications. However, now
45 years later, these great expections have not proven to
be “exactly” correct.

Polyamine Structures and Metabolic Pathways

During the 1960s and 70s most polyamine research
was focused upon elucidating the molecular structures of
the various polyaminated molecules and determining the
metabolic pathways of synthesis and degradation (10-
12,17-18). During these early years it soon became
obvious that there were several natural biologically active
polyaminated molecules (in addition to lysine/arginine rich

histones) in various forms of life. And that they might
differ in plants, prokaryotes and eukaryotes. This review
will focus only upon eukaryotic life forms, specifically
mammalian normal and cancer cells/tissues.

The major natural, biologically active polyamines
identified in mammalian cells/tissues include putrescine
(PUT), spermidine (SPD), spermine (SPM), and possibly
some of the polyamine metabolites such as N-acetyl
spermidine (N-acetyl SPD), N-acetyl spermine (N-acetyl
SPM), and hydrogen peroxide (H202). The three major
polyamines in mammalian cells are synthesized in
sequence from ornithine to PUT (2+) to SPD (3+) to SPM
(4+) (Figure). Each of them are small, straight chain
aliphatic water soluable carbon-nitrogen molecules with
the amino groups evenly distributed throughout. The first
critical step is the synthesis of PUT by the decarboxylation
of ornithine, which is accomplished by the rate limiting
enzyme of the pathway, ornithine decarboxylase (ODC).
This is followed by the conversion of S-
adenosylmethionine (SAM) to decarboxylated S-
adenosylmethionine (DAM) by S-adenosylmethionine
decarboxylase (SAMD). DAM is added to PUT by SPD
synthetase to produce SPD. A second DAM is then added
to SPD by SPM synthetase to produce SPM. Catabolism
of the latter two polyamines occurs via a single enzyme,
SPD/SPM acetyltransferase (SSAT). The latter enzyme
converts SPD and SPM to N-acetyl-SPD and N-acetyl-
SPM, respectively. Further catabolism may occur via
polyamine oxidase, which converts N-acetyl-SPD and N-
acetyl-SPM to putresine and SPD, respectively, and yields
H202 and acetoamidopropanol (ap) (9-12,16-20).
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Figure. Biosynthesis of Polyamines.

Key Enzymes of Polyamine Biosynthesis

The key enzymes in the biosynthesis and catabolism of
polyamines in mammalian cells are well understood (5-
20). The first critical and rate limiting enzyme in the
polyamine biosynthetic pathway is ODC (7-18). The ODC
gene can be induced by hormones in certain cell types and
by the cancer oncogene protein product, the myc
oncoprotein. It has a very rapid turnover rate (only a few
minutes), and it is located in both the cytoplasm and the
nuclei of mammalian cells. Therefore, the polyamine
system is compartmentalized and may play different roles
in the cytoplasm versus the nucleus. Because ODC is the
first pathway enzyme, is rate limiting, and has a short
half life, it is a logical target for drug control. Over the
past 40 years hundreds of research papers have focused
upon this enzyme in attempts to control cellular growth
processes, especially in cancer cells/tissues.

The next most important biosynthetic enzyme is
SAMD, which converts SAM to DAM. This enzyme is
constitutive and is stimulated by putrescine. Drug
inhibitors of SAMD inhibit the proliferation of many cell
types.

The final two synthesis steps involve SPD synthetase
and SPM synthetase. These enzymes are constitutive and
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apparently are not involved in any cellular regulatory
control actions.

The first catabolic enzyme in the polyamine
biosynthetic pathway is SSAT. This enzyme converts both
SPD and SPM to N-acetyl-SPD and N-acetyl-SPM,
respectively. SSAT is inhibited, activated and/or induced
by a variety of metabolites and synthetic polyamine
derivatives. Stimulation of SSAT decreases polyamine
levels and inhibits the proliferation of many cell types.

The second major enzyme in polyamine catabolism is
POA. This enzyme converts N-acetyl-SPD and N-acetyl-
SPM to PUT and SPD, respectively. During these catabolic
steps, H202 and acetoamidopropanol are given off as
reaction products. These latter metabolites may play a
role in stimulating cellular apoptosis (to be described
later).

Drug Inhibitors

Early in the research efforts on the elucidation of the
structures of the natural, biologically active polyamines
and their synthetic and catabolic pathways, ODC was
determined to be the key rate limiting and rate
controlling enzymatic step in mammalian cells. In the
1970s, difluoromethylornithine (DFMO) was established



to be a very potent mechanism based (suicide — not
reversible) inhibitor of ODC (7-11,19-20). DFMO has
been used extensively over the past 30-40 years during
research on the establishment of the synthesis and the
catabolism of the polyamine pathways, the evaluation of
the polyamine controlled mechanisms involving cell
proliferation and differentiation, the inhibition of cancer
cell growth, the enhancement of existing human cancer
therapies, the development of new cancer chemotherapy
approaches, and even in cancer prevention programs.
Polyamine pathway related drugs, including polyamine
derivatives, and their enzyme targets are given in Table 1
(19-35).

During the past 20-25 years several hundred
polyamine synthesis inhibitors, polyamine catabolism
stimulators, and other polylamine derivatives have been
tested by computer simulation analysis and on isolated
purified enzymes, with subcellular fractionations, in tissue
culture (normal and cancer cells), in intact laboratory
animals (normal and cancer cells), and in cancer patients
in experimental clinical trials (19-39). These drugs have
focused on the key polyamine biosynthetic enzymes,
catabolic enzymes, polyamine uptake/transport systems,
and various downstream DNA, RNA, proteins and
enzymes, and specific regulatory control systems. Most of
the research has focused upon attempts to decrease
cancer cell growth by decreasing the intracellular levels of
PUT, SPD, and SPM. Such efforts have resulted in
numerous cytostatic and/or cytotoxic actions in various
cell types (20-27) and Table 1.

Inhibitors of the key enzymes in polyamine
biosynthesis include DFMO, MAP, MGBG, and AdoData
(see Table 1). Combinations of these four drugs
decreased polyamine levels 60 to 90% in many cell types,
slowed the proliferation of target cells, but rarely
inhibited cell growth to 1009%. Most mammalian cells,
including cancer cells, have membrane localized
polyamine uptake/transport systems. When the
polyamines decrease inside a cell, these systems import
polyamines from neighboring cells and the blood vascular
system. The importer systems take up natural polyamines
and many synthetic polyamine derivatives. Hence the
presence of polyamine uptake/transport systems are
being used in two ways in cancer therapy: 1) to inhibit the
systems and prevent uptake of natural polyamines, 2) to
allow the systems to Dbe increased by intracellular
polyamine depletion and then give potent polyamine
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Table 1. Inhibitors/Activators of Polyamine Related Enzymes

ORNITHINE DECARBOXYLASE

DFMO - a-difluoromethylornithine (-)

MFMO — a-monofluoromethylornithine (-)

MAP — (2R,5R)-&-methylacetylenicputrescine (-)

DENSpm — NI N! 1-diethylnorspermine (-); also known as DE-3-3-3
BESpd — N N&-bis(ethyl)spermidine (-)
E-a-fluoromethyl-dehydroornithine methyl ester (-)
R-a-ethynyl-(R)-d-methylputrescine (-)

antizyme protein (-)

S-ADENOSYLMETHIONINE DECARBOXYLASE

DENSpm — NTN! 1-diethylnorspermine -)

MGBG - methylglyoxal bis (guanylhydrazone) (-)

EGBG - ethylglyoxal bis(guanylhydrazone) (-)

DEGBG - diethylgloyxal bis(guanylhydrazone) (-)

MHZPA — S(5'-deoxy-5'-adenosyl) methylthioethylhydroxylamine (-)
MAOEA - 5-deoxy-5'[N'-methyl-N{2-(aminooxy)ethyl}Jaminoadenosine (-)

SPERMIDINE SYNTHETASE

AdoDato — S-adenosyl-1,8-diamino-3-thiooctane (-)
AdoDatad — S-adenosyl-1,12-diamio-3-thio-azadodecane (-)
AdoS+(CHg), — S-methyl-5'-methylthioadenosine (-)
4MCHA - trans-4-methylcyclohexylamine (-)

n-butylalmine (-)

cyclohexylamine (-)

SPERMINE SYNTHETASE

AdoDato; AdoDatad; AdoS*(CH3)Z from above (-)
BDAP — N-(n-butyl)-1,3-diaminopropane (-)
APCHA - N-(3-aminopropyl)cyclohexylamine (-)

SPD/SPM ACETYLTRANSFERASE

DENSpm — Nl,N1 1~diethylnorspermine (+)

BENSpm — NTN! 1—bis(ethy])norspermine (+)

BESpm — N ,N'2-bis(ethyl)spermine (+)

BESpd — N N&-bis(ethyl)spermidine (+)

BEHSpm — N ,NM-(ethyl)homospernine (+)

CPENSpm — leethyl»Nl1[(cyclopropyl)methyl]74,87diazaundecane (+)

POLYAMINE OXIDASE

Aminoguanidine (-)

Pargyline (-)

MDL 72527 - N' ,N*-bis(2,3-butanedienyl) 1 ,4-butanediamine (-)
MDL 72521 — N'-methyl-N2-(2,3-butadienyl)-1,4-butanediamine (-)
Oxa-spermine derivatives (+)

POLYAMINE CELLULAR UPTAKE AND TRANSPORT SYSTEMS
antizyme protein (-)

DENSpm — NTN! 1-diethylnorspermine (+)

MQT 1426 - D-lysine-spermidine (-)

OTHERS WITH UNESTABLISHED MOLECULAR MECHANISMS

BE-4-4-4-4 — 1,19-bis-(ethylamino)-5,10, 15-triazanonadecane; a pentamine
BE-3-7-3 — N,N’-bis[3-(ethylamino)-propyl]-1,7-heptanediamine

BE-3-4-3 — Nl,le—diethyl spermine

BE-4-4-3-3,7,12,1 Ttetra—azanonadecane[N1 ,Nl37diethyl(amiopropyl)homo
spermidine]

BE-4-4-4 — N' N'2_diethylhomospermine

1,12-diaziridinyl-4,9-diazodecane

Dimethylsilane tetramines as SPM analogues

Finasterides

Amifostine derivatives

Platinum SPD analogues

Fluorescent polyamine analogues
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derivatives that can be taken up in high quantity into the
cancer cell and that can then interfere or block key cell
proliferation events (29,31,35-39).

Several stimulators of the polyamine catabolic
enzymes have been developed including BENSpm, BESpd,
and BEHSpm (see Table 1). Stimulation of the
degradation of the polyamines can decrease intracellular
levels of polyamines and slow cell proliferation 60-85%
(19-22,25-26,36-37).

However, to obtain 100% inhibition of cancer cell
proliferation in vivo, a combination of polyamine
synthesis inhibitors and polyamine catabolic stimulators,
and possibly cell uptake/transport blockers, are often
required. For example, the combination of DFMO and
MGBG, which has been studied in tissue culture, animal
models, and human clinical trials, is very successful at
inhibiting cancer cell growth. DFMO inhibits ODC,
depleting cells of polyamines. Subsequent treatment with
a polyamine derivative, such as MGBG, which can be
rapidly transported and which inhibits SAMD, can be very
effective in inhibiting most types of cancer cell
proliferation up to 99% in culture, and more than 95%
inhibition of transplanted cancers in animals (19-22,25-
26,35-42).

Because the natural polyamines are small, completely
water soluble, aliphatic carbon chains with multiple
positive charges, they bind both specifically and non-
specifically to numerous macromolecules such as DNAs,
RNAs, membrane proteins, soluable proteins, and
enzymes, and many small, negatively charged
polyphosphorylated molecules in the cytoplasm and
nucleus. Therefore, direct and specific molecular
functionings of the polyamines are not yet understood,
almost 50 years after their discovery. When a specific
binding of polyamines to a macromolecule and
subsequent modification of the function of that
macromolecule is observed, new polyamine derivatives
are synthesized and studied. Utilization of these latter
drugs, plus use of the earlier described drug efforts on
polyamine biosynthetic pathway enzymes, may be more
effective in both cytostatic and cytotoxic efforts on cancer
cells. Such "downstream” polyamine specific targets will
be described later.

Cellular Mechanisms

Polyamines are required for optimal growth in all
known types of biological cells. In most cells, loss of these
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polyamines results in inhibition of cell proliferation and
differentiation, and sometimes cell death (necrosis and/or
apoptosis). In addition, most studies with mammalian
cells showed that when quiescent cells were stimulated to
grow the levels of ODC and intracellular polyamines
increased before increases occurred in DNA, RNA, and
proteins (19-20,36,38-42). However, just which specific
molecular systems are being stimulated (or de-inhibited),
first, and in what sequence, has yet to be determined.
Many studies show that the polyamines are also directly
linked to cellular proliferation, differentiation, and cell
death. Current working theories concerning polyamine
regulation of intracellular macromolecular events in
mammalian cells include: 1) DNA/genomes, 2) specific
protein/enzyme  binding/functioning, 3)  signal
transduction and cancer genes, 4) apoptosis, and 5)
ODC/polyamines/casein kinase Il/myc oncoprotein.

DNA/Genomes

Numerous studies have illustrated that the multi-
cationic polyamines react directly with the multi-anionic
polyphosphorylated DNA molecules in cell free systems
(43-46). SPD and SPM caused DNA to condense, to
aggregate, to induce B-to-Z and B-to-A transitions, and to
bend or contort the normal alpha helical structure. Some
studies support the theory that polyamine binding to
chromatin DNA may cause an increased or decreased
availablity of genomic sites for DNA or RNA synthetases,
and hence altered DNA and RNA synthesis. Polyamine
depleted chromation was much more susceptible to
DNAse digestion. While certain polyamine analogues (e.g.,
sym-norspermine) bound to chromatin DNA completely
protected that DNA from DNAse digestion, it remains to
be determined whether the polyamine induced
modifications can result in changes in specific genomic
functioning, or in only general genomic availabilities.

Specific protein/enzyme binding/functioning

Polyamines bind to many proteins. Most such bindings
have been determined to be non-specific. Even the
specific bindings to proteins (including enzymes) have not
always resulted in any change in the activity/function of
that polyamine bound protein. So, over the years,
numerous polyamine bound proteins/enzymes have been
reported, but the data has “not survived the tests of
time”. 1 will focus on “established” polyamine-protein
interactions.



Elevated intracellular polyamine levels correlated with
alterations in histone acetylation and deacetylation in
normal and cancer cells (47-52). During cellular
embryogenesis, differentiation, and oncogenesis, genes
appear to be “turned off” and “turned on” by the
acetylation-deacetylation of their associated histones.
There are two classes of histone acetylases and histone
deacetylases that can add or remove acetyl groups from
the lysine resides of all types of histones. In general,
acetylation of histones destablizes nucleosomes and
allows for greater access to the DNA for transcription
factors (more genes are functional). While deacetylation
of histones stablizes nucleosomes and allowes decreased
access to DNA for transcription factors (fewer genes were
functional). Many histone acetylases and deacetylases can
be regulated by gene promotors and gene inhibitors,
which, in turn, may be controlled by various polyamines.
These systems are modified in cells depleted of
polyamines, in quiescent cells upon initation of cell
proliferation, and in cancer cells when compared to their
non-malignant counterparts.

Several protein kinases have been identified as
enzymes that may be regulated by polyamines: polyamine
dependent protein kinase (53), nuclear protein kinase NII
(54), mammary gland polyamine responsive protein
kinase (55), self phosphorylating polyamine stimulated
protein kinase (56), and casein kinase Il (CKII) (57-59).
From this above list of protein kinases, only CKII has been
purified from several mammalian tissues by using
polyamine affinity chromotography. It has been studied
with polyamine synthesis inhibitor drugs, polyamine
catabolism stimulator drugs, and a variety of polyamine
derivatives. CKIl was stimulated by SPD, SPM, and
several different molecular weight sizes of polylysines and
polyornithines (maximal activation occurred with 8-10
amino groups), but was not stimulated with DFMO,
MGBG, or polyarginines. Several polyamine derivatives
(including BESpm and BE-4-4-4-4) prevented or reversed
the SPM and polylysine activation of CKII. CKII
phosphorylated more than 50 protein substrates
including the myc oncoprotein (60-65).

Signal Transduction and Cancer Genes

Using various combinations of polyamine biosynthetic
pathway inhibitors and stimulators, molecular linkages of
polyamines to signal transduction and oncogene/cancer
suppressor gene expressions in various cell types have
been reported. Recent studies have suggested polyamines
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have linkages to the actions of epithelial growth factor
(EGF), transforming growth factor beta (TGF[), tumor
necrosis factor alpha (TNFa), and hepatocyte growth
factor (HGF) (66-71).

In addition, polyamine linkages have also been
established for several oncogenes including: NF-Kappa B,
c-myc, c-jun, and c-fos (68,72-77); and cancer
suppressor genes including p53, Rb, p21WAFVCPISDIT “gng
p27"P' (78-80). Because the myc oncoprotein and the
protein products of the above cancer suppressor genes
are directly involved with the cell cycle and apoptosis,
polyamines may be linked to key mechanisms involving
mammalian cell proliferation, differentiation, and
apoptosis. The above listed cancer genes are currently
being studied, without and with components of the
polyamine system, in cancer cells in culture, in animals,
and from human tissue specimens (66-82).

Apoptosis

Recent studies indicate molecular linkages between
polyamines and apoptosis (81-85). There are several
established mechanistic triggers for cellular apoptosis
(86). However, most of the current polyamine research
focuses upon the cytochrome ¢ pathway. Increases in the
polyamine pathway in mammalian cells correlated with
decreased mitochondrial membrane potential. This
resulted in the release of mitochondrial cytochrome c,
which stimulated a caspase 8 cascade activation down to
caspase 3. Activation of caspase 3, in turn, is considered
to activate the key endonucleases and proteases that
directly cause apoptosis. The polyamines are postulated
to affect mitochondrial transmembrane potential via
increased activity of PAO and/or increased intracellular
levels of PUT and/or H202 (catabolic pathway products)
(84-85).

Casein Kinase II/myc oncoprotein/ODC/Polyamines

CKII activity was increased several fold in most types
of cancer cells, and it was induced in many cell types upon
cellular treatment with various growth factors (e.g., EGF)
(63-67). The enzyme was also directly activated by SPD
and SPM (see previous secton). CKIl (and two other
protein kinases) activated myc oncoprotein (which is a
nuclear transcription factor) by phosphorylation of
several serine residues in the nuclear entry, dimerization,
DNA binding, and transactivation domains. In addition, in
many major human cancer cells and tissues, the myc
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oncogene is amplified several fold. Hence, the myc
oncoprotein may be increased by both transcriptional and
translational means in cancer cells. The myc oncoprotein
induced >100 genomes and repressed >25 genomes.
Several myc induced and repressed genomes are given in
Table 2 (77,87-91).

The ODC/polyamines/CKll/myc oncoprotein linkages
are directly involved in cell cycle control (77,87-93). One
such example follows. Fast growing normal and cancer
cells have elevated levels of ODC, polyamines, and CKII.
And many cancer cells have amplified myc
oncogene/oncoprotein. Phosphorylated myc oncoprotein
could then be increased via transcription and translation
control mechanisms, which, in turn, would induce the
genes for cyclins A, D, and E, cyclin dependent kinase 2,
cdc 25A and cdc 25B phosphateses, and ODC.
Phosphorylated myc oncoprotein also repressed the cyclin
dependent kinase inhibitor gene p27“P'. In addition, it
has been observed that stimulation of arrested cells
decreased another cyclin dependent kinase inhibitor gene
p21WAFVCPSDE and increased phosphorylation of Rb.
Increased cyclins and/or inhibition of cyclin dependent
kinase inhibitors result in increased phosphorylation of
Rb. This allows release of the Rb bound E2F transcription
factor such that the E2F can positively tranduce genes
directly involved in allowing passage through the G1-S
cell cycle restriction point. Once a cell enters S phase, it
will continue through M to produce two new daughter
cells. In addition, myc oncoprotein induced dead box

helicase, RNA polymerase |, carbamoyl P synthetase, elF-
4E and elF-2a (all are critical to the synthesis of DNA and
proteins in the S phase). These above described linkages
suggest tight regulation and a continuum at the G1-S
checkpoint in the cell cycle by polyamines. In addition,
these linkages suggest that ODC to polyamines to CKII to
phosphorylated myc oncoprotein to ODC to ...... linkages
could feed forward-stimulate cell proliferation
mechanisms.

The ODC/polyamines/CKIl/myc oncoprotein linkages
are also directly involved in apoptosis (81,86,91,94-98).
As suggested earlier, the polyamine catabolic system
enzyme, PAO, may be increased in some cancer cells,
which could allow for increased intracellular levels of
H202. The oxidation system of H202 could initate a
decreased mitochondrial membrane potential and lead to
cytochrome ¢ induced apoptosis. In addition, myc
oncoprotein induction of the bax gene would increase the
bax protein in cells with amphlified myc. Bax protein can
enter the mitochondrial membrane and cause cytochrome
¢ leakages from the mitochondira, which in turn, can
stimulate the cytochrome c¢ to APAF to caspase 9 to
caspase 3 pathway of apoptosis (81,86,97). However,
when cancer cells, with and without amplified myc, are
studied using a polyamine inhibitor (DFMO), four
observations were made: 1) amplified myc induced rapid
cell proliferation without causing apoptosis, 2) amplified
myc induced rapid cell proliferation and apoptosis
together, 3) apoptosis can occur without amplified myc,

Table 2. Genomes Controlled by Myc Oncoprotein

Induced Genes

-cyclins A, D, E

- cyclin dependent kinase 2
- cdc 25A and B phosphatase
- FADD and caspase 8

- bax

- dead box helicase

- RNA polymerase |

- carbamoy! P synthetase

- elF-4E and 2a

- ornithine decarboxylase

Repressed Genes
_ p27K1p-1
- Growth Arrest and DNA

Damages (GADDs)
- Growth Arrest Specific (GASs)

Function of Protein Product

- activate cyclin dependent kinases in cell cycle

- phosphorylates Rp protein in cell cycle

- dephosphorylate and activate cyclin dep kinase 2
- stimulate the apoptosis pathway

- stimulates the apoptosis pathway

- DNA synthesis

- RNA synthesis

- synthesis of nucleic acids

- translation factors

- the rate limiting enzyme in polyamine synthesis

Function of Protein Product

- cyclin dependent kinase inhibitor in cell cycle
- upon cell damage, inhibits cell proliferation

- inhibitor of cell proliferation
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4) polyamines are involved in both cell proliferation and
apoptosis in cancer cells (81,86,94-97). Obviously we do
not yet understand all of the possible linkages, or maybe
it is that different types of cancer cells have different
apoptotic programs. At this point it should be noted that
all cancer cells have been observed to have alterations in
their cell cycle and/or apoptosis control systems (86,92)

Human Cancer Therapies

It has been established that high levels of intracellular
polyamines correlate with high grades/stages of many
human cancers. From these measurements direct
correlations of increased metastatic potential of the
cancers and increased negative prognosis for the patients
have been established (99-102).

Several polyamine biosynthetic pathway drugs and
polyamine analogues are currently being tested in human
cancer patients. They are being evaluated individually,
collectively, and in combination with other anti-cancer
drugs. Because DFMO is relatively non-toxic, it is
currently being used in many drug combinations and in
cancer prevention (See below) trials. Current studies
include PUT, DFMO, MGBG, BIS, DENSpm, BE-4-4-4-4,
BE-3-7-3, BE-4-4-3, BE-4-4-4, BE-3-4-3, interferon,
cps-platinum, indol-3 carbinol, topoisomerase inhibitors,
HSV-1 thymidine Kinase/ganciclovir (gene therapy), and
1-2-diaziridinyl-4,9-diazadodecane (radiotherapy) (31-
40,81-82,103-110).

Human Cancer Prevention

Many polyamine studies now focus upon reduction of
total body polyamines for cancer prevention, or reduction
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of total body organ polyamines (e.g., colon) for organ
cancer prevention. Decreased intracellular levels of
polyamines caused a decrease in oncogenesis by most
organic toxic chemicals when carcinogenesis studies were
performed in tissue culture, intact animal, or human
studies. Therefore, prevention of human skin, stomach,
colorectal, lung, prostate, and breast cancers studies are
in progress using DFMO and other polyamine related
drugs (39-42,111-121).

In General Summary, it would appear that the great
expectations of 50 years ago that cancer could be
controlled by controlling the intracellular level of
polyamines has not yet fully materialized. There are at
least two general reasons for this. It has become
extremely difficult to deplete 100% of the polyamines
from cancer tissue when that cancer tissue can obtain
polyamines from the surrounding normal tissues. And we
do not yet understand just how the polyamines control
the intracellular mechanisms for cancer proliferation.
Certainly, polyamine control focuses upon linkages in the
events of the cell cycle and apoptosis. When these
intracellular control systems are more completely
understood, then a combination of drugs to deplete
cancer cells of polyamines and additional drugs to interfer
with the ‘downstream’ polyamine regulatory events will
allow for more successful cancer therapy. However, we
do know that decreasing intracellular levels of polyamines
in normal tissues interfers with the oncogenesis
mechanisms of toxic chemical carcinogens. Therefore,
today, chemoprevention of cancers, using anti-polyamine
drugs, can be utilized for high risk population groups in
attempts to decrease their cancer risk.

References

1. Kosaki T, Saka T: Polyamines and Can- Russell DH: Polyamines in Normal and 9.  Campbell RA, Morris DR, Bartos D, et
cer Cells. Proc Natl Acad of Japan 34: Neoplastic Growth, Raven Press, NY al.: Adv in Polyamine Res, vol 2, Raven
295-299, 1958. 1973. Press, NY 1980.

2.  Cohen SS: Organizational Biosynthesis Bachrach U: Functions of the Naturally 10. Caldarera CM, Zappia V, Bachrach U:
of Polyamines, Academic Press, NY Occurring Polyamines, Academic Press, Adv in Polyamine Res, vol 3, Raven
1967. NY 1973. Press, NY, 1981.

3. Cohen SS: Introduction to Polyamines, Campbell RA, Morris DR, Bartos D, et 11.  Morris DR, Marton LJ: Polyamines in
Prentice-Hall, NJ 1971. al.: Adv in Polyamine Res, vol 1, Raven Biology and Medicine, Marcel Dekker,

4.  Umezawa H: Enzyme Inhibitors of Press, NY 1978. NY 1981.

Microbial Origin, University of Tokyo Gaugas JM: Polyamines in Biomedical 12. Bachrach U, Kaye A, Chayen R: Adv in

Press, Tokyo 1972.

Res, Wiley, NY 1980.

Polyamine Res, vol 4, Raven Press, NY
1983.

201



A Review of Polyamines and Cancer

20.

21.

22.

23.

24.

25.

202

Tabor H, Tabor CW. Polyamines. Ann
Rev Biochem 30: 579-604, 1961.

Tabor H, Tabor CW. Polyamines. Phar-
macol Rev 16: 245-300, 1964.

Tabor H, Tabor CW. Polyamines. Adv
Enzymol 36: 203-268, 1972.

Tabor CW, Tabor H. Polyamines. Ann
Rev Biochem 45: 285-306, 1976.

Tabor CW, Tabor H. Polyamines. Meth-
ods in Enzymology 94: 1-47, 1983.

Tabor CW, Tabor H. Polyamines. Ann
Rev Biochem 53: 749-790, 1984.

Pegg AE. Polyamine metabolism and its
importance in neoplastic growth and as
a target for chemotherapy. Cancer Res
48: 759-774, 1988.

Marton LJ, Pegg AE. Polyamines as tar-
gets for therapeutic intervention. Ann
Rev Pharmacol Toxicol 35: 55-91,
1995.

Casero RA, Celano P, Ervin SJ, et al.:
Differential induction of
spermidine/spermine N1—acetyltrans—
ferase in human lung cancer cells by the
bis(ethyl)polyamine analogues. Cancer
Res 49: 3829-3833, 1989.

Basu HS, Pellarin M, Feuerstein BG, et
al.: Interaction of a polyamine ana-
logue, 1,19-bis(ethylamino)-5,10,15-
triazonanadecane (BE-4-4-4-4), with
DNA and effects on growth, survival,
and polyamine levels in seven human
brain tumor cell lines. Cancer Res 53:
3948-3955, 1993.

Porter CW, Ganis B, Libby PR, et al.:
Correlations between polyamine ana-
logue-induced increases in spermidine/
spermine N1—acety1transferase activity,
polyamine pool depletion and growth
inhibition in human melanoma cell lines.
Cancer Res 51: 3715-20, 1991.

Igarashi K, Koga K, He Y, et al.: Inhibi-
tion of the growth of various human
and mouse tumor cells by 1-15-bis
(ethylamino)-4,8,12-triazapentade-
cane. Cancer Res 55: 2615-19, 1995.

Porter CW, Ganis B, Rustum Y, et al.:
Collateral  sensitivity of human
melanoma multidrug-resistant variants
to the polyamine analogue, NN
diethylnorspermine. Cancer Res 54:
5917-24, 1994.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Casero RA, Mank RA, Xiao L, et al.:
Steady-state messenger RNA and activ-
ity correlates with sensitivity to N'NTE
bis(ethyl)spermine in human cell lines
representing the major forms of lung
cancer. Cancer Res 52: 5359-63,
1992.

Delcros J-G, Vaultier M, Le Roch N, et
al.: Bis(7-amino-4-azaheptyl)dimethyl-
silane: a new tetramine with polyamine-
like features. Effects on cell growth.
Anti-Cancer Design 12: 35-48, 1997.

McCloskey DE, Yang DE, Woster PM, et
al.: Polyamine analogues induction of
programmed cell death in human lung
tumor cells. Clin Cancer Res 2: 441-6,
1996.

Zagaja GP, Shrivastav M, Fleig M, et al.:
Effects of polyamine analogues on pro-
static adenocarcinoma cells in vitro and
in vivo. Cancer Chemother Pharmacol
41: 505-12, 1988.

Li Y, MacKerell AD, Egorin MJ, et al.:
Comparative molecular field analysis-
based predictive model of structure-
function relationships of polyamine
transport inhibitors in L1210 cells.
Cancer Res 57: 234-9, 1977.

Wallace HM, Fraser AV. Polyamine ana-
logues as anticancer drugs. Biochem
Soc Trans 31: 293-6, 2003.

Le Roch N, Douaud F, Havouis R, et al.:
Dimethylsilane polyamines: cystostatic
compounds with potential as anticancer
drugs Il: uptake and potential cytotoxic
mechanisms. Anticancer Res 22: 3765-
76, 2002.

Marques MP, Girao T, Pedroso De Lima
MC, et al.: Cytotoxic effects of metal
complexes of biogenic polyamines I.
Platinum(ll) spermidine compounds:
prediction of their antitumour activity.
Biochim Biophys Acta 1989: 63-70,
2002.

Mitchell JL, Leyser A, Holtorff MS, et
al.: Antizyme induction by polyamine
analogues as a factor of cell growth
inhibition. Biochem J 366: 663-71,
2002.

Quinones HI, List AF, Gerner EW. Selec-
tive exclusion by the polyamine trans-
porter as a mechanism of differential
radioprotection of amifostine deriva-
tives. Clin Cancer Res 8: 1295-300,
2002.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Milovic V, Turchanowa L. Polyamines
and colon cancer. Biochem Soc Trans
31: 381-3, 2003.

Carlisle DL, Devereux WL, Hacker A, et
al.: Growth status significantly affects
the response of human lung cancer cells
to antitumor polyamine analogue expo-
sure. Clin Cancer Res 8: 2684-9, 2002.

Mann A, Washington S, Griffith JW, et
al.: Influence of polyamines on in vitro
and in vivo features of aggressive and
metastatic behavior by human breast
cancers. Clin Exp Metastasis 19: 95-
100, 2002.

Schipper RG, Romijn JC, Cuijpers VM,
et al.: Polyamines and prostatic cancer.
Biochem Soc Trans 31: 375-80, 2003.

Clifford A, Morgan D, Yupsa SH, et al.:
Role of ornithine decarboxylase in epi-
dermal tumorigenesis. Cancer Res 55:
1680-6, 1995.

Megosh L, Gilmour SK, Rosson D, et
al.: Increased frequency of spontaneous
skin tumors in transgenic mice which
over express ornithine decarboxylase.
Cancer Res 55: 4205-9, 1955.

Smith MK, Goral MA, Wright JH, et al.:
Ornithine decarboxylase over expres-
sion leads to increased tumor invasive-
ness. Cancer Res 57: 2104-18, 1997.

Feuerstein BG, Williams LD, Basu HS, et
al.: Implications and concepts of
polyamine-nucleic acid interactions. J
Cell Biochem 46: 37-47, 1991.

Jain S, Zon G, Sundarlingam M. Hexag-
onal crystal structure of A-DNA
octamer d(GTGTACAC) and its compar-
ison with the tetragonal structure, cor-
related variations in helical parameters.
Biochem 28: 2360-4, 1989.

Morgan JE, Blankenship JW, Mathews
HR. Polyamines and acetyl polyamines
increase the stability and alter the con-
formation of nucleosome core particles.
Biochem 26: 3643-9, 1987.

Basu HS, Wright WD, Deen DF, et al.:
Treatment with a polyamine analog
alters DNA-matrix asssociation in Hela
cell nuclei: a nucleoid halo assay.
Biochem 32: 4073-6, 1993.

Martinez-Balbas MA, Bannister AJ,
Martin K, et al.: The acetyltransferase
activity of CBP stimulates transcription.
EMBO J 17: 2886-93, 1998.



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Grant PA, Berger SL. Histone acetyl-
transferase complexes. Semin Cell Dev
Biol 10: 167-70, 1999.

Korzus E, Torchia J, Rose D, et al.:
Transcription factor-specific require-
ments for coactivators and their acetyl-
transferase functions. Science 279:
703-7, 1998.

Rundlett SE, Carmen AA, Suka N, et al.:
Transcriptional repression by UME6
involves deacetylation of lysine 5 of his-
tone H+ by RPD3. Nature 392: 831-5,
1998.

D'Agostino L, Di Luccia A. Polyamines
interact with DNA as molecular aggre-
gates. Eur J Biochem 269: 4317-25,
2002.

Hobbs CA, Paul BA, Gilmour SK. Dereg-
ulation of polyamine biosynthesis alters
intrinsic histone acetyltransferase and
deacetylase activities in murine skin and
tumors. Cancer Res 62: 67-74, 2002.

Keuhn GD, Atmar VJ. New perspectives
on polyamine-dependent protein kinase
and the regulation of ornithine decar-
boxylase by reversible phosphorylation.
Adv Polyamine Res 4: 615-30, 1983.

Jacob ST, Rose KM, Canellakis ZN.
Effects of spermidine and its monacety-
lated derivatives on phosphorylation by
nuclear protein Kinase NII. Adv
Polyamine Res 4: 631-46, 1983.

Leiderman LJ, Criss WE, Morishita Y, et
al.: Hormonal regulation and function
of polyamine responsive protein kinase
activity in the mouse mammary gland.
Adv Polyamine Res 4: 655-66, 1983.

Criss WE, Morishita Y, Watanabe O, et
al.: Multiple-protein complex with
(calmodulin)-polyamine responsive pro-
tein Kinase activity. Adv Polyamine Res
4: 646-54, 1983.

Criss WE, Yamamoto M, Takai Y, et al.:
Requirement of polycations for the
enzymatic activity of a new protein
kinase-substrate complex from Morris
hepatoma 3924A. Cancer Res 38:
3532-9, 1978.

Criss WE, Yamamoto M, Takai Y, et al.:
Resolution and properties of the cat-
alytic component and phosphate accep-
tor proteins of a new protein kinase-
substrate complex from Morris
hepatoma 3924A. Cancer Res 38:
3540-5, 1978.

59.

60.

61.

62.

63.

64.

©65.

66.

67.

68.

69.

Yamamoto M, Criss WE, Takai Y, et al.:
A hepatic soluble cyclic nucleotide-inde-
pendent protein kinase. J Biol Chem
254: 5049-5052, 1979.

Morishita Y, Akogyeram C, Deu B, Criss
WE. Regulation of polyamine-respon-
sive protein kinase by certain highly
specific polyamines and charged carbo-
hydrates. Biochim Biophys Acta 755:
358-62, 1983.

Akar C, Criss WE. A polyamine depen-
dent casein kinase type Il in rat brain.
Tr J Biochem 3: 1-18, 1992.

Gundogus-Ozcanli N, Criss WE. Purifi-
cation of casein kinase Il from lung tis-
sue and Kkinetic evaluations with
polyamines and myc-oncoprotein. Tr J
of Medical Sciences 28: 599-04, 1998.

Gundogus-Ozcanli N, Sayilir C, Criss
WE. Effects of polyamines, polyamine
synthesis inhibitors and polyamine
analogs on casein kinase Il using myc
oncoprotein as substrate. Biochem
Pharmacol 58: 251-4, 1999.

Atac B, Sayilir C, Demirpence E, Criss
WE. Polyamine drug inhibition of the
proliferation of a small cell lung cancer
cell line NIH-H82 with amplified myc
oncogene. Tr J Cancer 30: 97-104,
2000.

Gundogus N, Sayilir C, Ozalp C, et al.:
Effects of polyamine stimulated casein
kinase type Il on cellular oncogene
activities. Tr J of Medical Science 23:
107-16, 1995.

Bachrach U, Wang YC, Tabib A.
Polyamines: new clues to signal trans-
duction. News Physiol Sci 16: 106-9,
2001.

Milovic V, Bauske R, Turchanowa L, et
al..  Epidermal growth factor,
polyamines, and epithelial remodeling
in Caco-2 cells. Ann N Y Acad Sci 915:
279-81, 2000.

Wolter F, Turchanowa L, Stein J.
Resveratrol-induced modification of
polyamine metabolilsm is accompanied
by induction of c-Fos. Carcinogenesis
24: 469-74, 2003.

Tantini B, Flamigni F, Pignatti C, et al.:
Polyamines, NO and cGMP mediate
stimulation of DNA synthesis by tumor
necrosis factor and lipopolysacchraide
in chick embryo cardiomyocytes. Car-
diovasc Res 49: 408-16, 2001.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

W. E. CRISS

Stabellini G, Locci P, Calvitti M, et al.:
Epithelial-mesenchymal interactions
and lung branching morphogenesis.
Role of polyamines and transforming
growth factor beta-1. Eur J Histochem
45: 151-62, 2001.

Desiderio MA, Pogliaghi G, Dansi P.
Regulation of spermidine/spermine N1-
acetyltransferase  expression by
cytokines and polyamines in human
hepatocarcinoma cells (HepG2). J Cell
Physiol 174: 125-34, 1998.

Wang J-Y, McCormack SA, Viar MJ, et
al.: Decreased expression of protoonco-
genes c-fos, c-myc, and c-jun following
polyamine depletion in I[EC-6 cells. Am J
Physiol 265: G331-G338, 1993.

Babbar N, Gerner EW. Polyamines as
modifiers of genetic risk factors in
human intestinal cancers. Biochem Soc
Trans 31: 388-92, 2003.

Tabib A, Bachrach U. Role of
polyamines in mediating malignant
transformation and oncogene expres-
sion. Int J Biochem Cell Biol 31: 1289-
95, 1999.

Patel AR, Wang JY. Polyamines modu-
late transcription but not posttranscrip-
tion of c-myc and c-jun in [EC cells. Am
J Physiol 273: C1020-9, 1997.

Shan N, Thomas T, Shirahata A, et al.:
Activation of nuclear factor kappa B by
polyamines in breast cancer cells.
Biochem 38: 14763-74, 1999.

Schmidt EV. The role of ¢-myc in cellu-
lar growth control. Oncogene 18:
2988-96, 1999.

Kramer DL, Vujcic S, Diegelman P, et
al.: Polyamine analogue induction of the
p53-p21WAF”C'P] Rb pathway and G
arrest in human melanoma cells. Cancer
Res 59: 1278-86, 1999.

Kramer DL, Chang B-D, Chen Y, et al.:
Polyamine  depletion in  human
melanoma cells leads to G arrest asso-
ciated with induction of
pz.lWAFl/C]Pl/SDIl' changes in the
expression of p21-regulated genes and
a senescence-like phenotype. Cancer
Res 61: 7754-62, 2001.

Ray RM, Zimmerman BJ, McCormack
SA, et al.: Polyamine depletion arrests
cell cycle and induces inhibitors
p21 WAFICIPT 557891 and p53 in UEC
cells. Am J Physiol 276: C684-C691,
1999.

203



A Review of Polyamines and Cancer

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

204

Faaland CA, Thomas TJ, Thomas T.
Molecular correlates of the action of
bis(ethyl)polyamines in breast cancer
cell growth inhibition and apoptosis.
Biochem Cell Biol 78: 415-26, 2000.

Chen Y, Dramer DL, Diegelman P, et
al.: Apoptotic signaling in polyamine
analogue-treated SK-MEL-28 human
melanoma cells. Cancer Res 61: 6437-
44, 2001.

Singh S, Pervin S, Wu G, et al.: Activa-
tion of caspase-3 activity and apoptosis.
Carcinogenesis 22: 1863-9, 2001.

Maccarrone M, Bari M, Battista N, et
al.: Oxidation products of polyamines
induce mitochondrial uncoupling and
cytochrome c release. FEBS Lett 507:
30-4, 2001.

Erez O, Goldstaub D, Friedman J, et al.:
Putrescine activates oxidative stress
dependent apoptotic death in ornithine
decarboxylase overproducing mouse
myeloma cells. Exp Cell Res 281: 148-
56, 2002.

Bortner CD, Cidlowski JA. Cellular
mechanisms for the repression of apop-
tosis. Ann Rev Pharmacol Toxicol 42:
359-81, 2002

Nesbit CE, Tersak JM, Prochownik EV.
MYC oncogenes and human neoplastic
disease. Oncogene 18: 3004-16, 1999.

Kramer DL, Fogel-Petrovic M, Diegel-
man P, et al.: Effects on novel spermine
analogues on cell cycle progression and
apoptosis in  MALME-3M  human
melanoma cells. Cancer Res 57: 5521-
7, 1997.

Obaya Aj, Mateyak MK, Sedivy JM.
Mysterious liaisons: the relationship
between c-Myc and the cell cycle. Onco-
gene 18: 2934-41, 1999.

Claassen GF, Hann SR. Myc-mediated
transformation: the repression connec-
tion. Oncogene 18: 2925-33, 1999.

Mitchell KO, Ricci MS, Yiyashita T, et
al.: Bax is a transcriptional target and
mediator of c-Myc induced apoptosis.
Cancer Res 60: 6318-25, 2000.

Sherr CJ. Cancer cell cycles revisited.
Cancer Res 60: 3689-95, 2000.

Blagosklonny MV, Pardee AB. Exploit-
ing cancer cell cycling for selective pro-
tection of normal cells. Cancer Res 61:
4301-5, 2001.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Hoffman B, Lieberman DA. The proto-
oncogene c-myc and apoptosis. Onco-
gene 17: 3351-7, 1998.

Packman G, Cleveland JL. Ornithine
decarboxylase is a mediator of c-Myc
induced apoptosis. Mol Cell Biol 14:
5741-7, 1994.

Ha HC, Woster PM, Casero RA. Unsym-
metrically substituted polyamine ana-
logue induces caspase-independent pro-
grammed cell death in Bcl-2 overex-
pressing cells. Cancer Res 58: 2711-4,
1998.

Prendergast GC. Mechanisms of apop-
tosis by c-Myc. Oncogene 18: 2967-87,
1999.

Tiberio L, Maier JA, Schiaffonati L.
Down-modulation of c-myc expression
by phorbol ester protects CEM-T
leukemia cells from starvation-induced
apoptosis: role of ornithine decarboxy-
lase and polyamines. Cell Death Differ
8: 967-76, 2001.

Weiss TS, Bernhardt G, Buschauer A, et
al.: Polyamine levels of human colorec-
tal adenocarcinomas are correlated
with tumor stage and grade. Int J Col-
orectal Dis 17: 381-7, 2002.

Linsalata M, Caruso MG, Leo S, et al.:
Prognostic value of tissue polyamine
levels in human colorectal carcinoma.
Anticancer Res 22: 2465-9, 2002.

Manni A, Washington S, Griffith JW, et
al.: Influence of polyamines on in vitro
and in vivo features of aggressive and
metastatic behavior by human breast
cancer cells. Clin Exp Metastasis 19:
95-105, 2002.

Canizares F, Salinas J Heras M, Diaz J,
et al.: Prognostic value of ornithine
decarboxylase and polyamines in human
breast cancer: correlation with clinico-
pathologic parameters. Clin Cancer Res
5: 2035-41, 1999.

Thomas T, Thomas TJ. Polyamines in
cell growth and cell death: molecular
mechanisms and therapeutic applica-
tions. Cell Mol Life Sci 58: 244-58,
2001.

Wallace HM. Polyamines in human
health. Proc Nutr Soc 55: 419-31,
1996.

105.

106.

107.

108.

109.

110.

111,

112.

113.

Thomas T, Balabhadrapathruni S, Gallo
MA, et al.: Development of polyamine
analogs as cancer therapeutic agents.
Oncol Res 13: 123-35, 2002.

Siu LL, Rowinsky EK, Eckhardt SG. A
phase | and pharmacokinetic study of
SAM486A, a novel polyamine biosyn-
theis inhibitor, administered on a daily-
time-every-three-week schedule in
patients with advanced solid malignan-
cies. Clin Cancer Res 8: 2157-66,
2002.

Barr LF, Campbell SE, Tamez P, et al.:
The growth inhibitory effect of
N1,N12-bis(ethyl)spermine in small cell
lung cancer cells is maintained in cells
expressing the c-myc and Ha-ras onco-
genes. Clin Cancer Res 4: 1557-61,
1998.

Devens BH, Weeks RS, Burns MR; et
al.: Polyamine depletion therapy in
prostate cancer. Prostate Cancer Pro-
static Dis 3: 275-9, 2000.

Eiseman JL, Rogers FA, Kyprianou N.
Tumor targeted apoptosis by a novel
spermine analogue, 1,12-diaziridinyl-
4,9-diazadodecane; results in therapeu-
tic efficacy and enhanced radiosensitivi-
ty of human prostate cancer. Cancer
Res 58: 4864-70, 1998.

Vernacki RJ, Oberman EJ, Seweryniak
KE, et al.: Preclinical antitumor efficacy
of the polyamine analogue N1,N”—
diethylnorspermine administered by
multiple injection or continuous infu-
sion. Clin Cancer Res 1: 847-57, 1995.

Kelloff DJ. Perspectives on cancer
chemoprevention research and drug
development — ODC and polyamines are
critical to oncogenesis. Adv in Cancer
Res 78: 200-323, 2000.

Giardiello FM, Hamilton SR, Hylind LM,
et al.: Ornithine decarboxylase and
polyamines in familial adenomatous
polyposis. Cancer Res 57: 199-201,
1997.

Meyskens FL, Gerner EW, Emerson S,
et al.: Effect of alpha-difluoromethylor-
nithine on rectal mucosal levels of
polyamines in a randomized, double-
blinded trial for colon cancer preven-
tion. J Natl Cancer Inst 90: 1212-8,
1998.



114.

115.

Hudson EA, Howells LM, Gallacher-
Horley B, et al.: Growth-inhibitory
effects of the chemopreventive agent
indol-3 carbinol are increased in combi-
nation with the polyamine putrescine in
the SW480 colon tumour cell line. BMC
Cancer 14: 2-15, 2003.

Fabian CJ, Kimler BF, Jo KA. A phase Il
breast cancer chemoprevention trial of
oral  alpha-difluoromethylornithine:
breast tissue, imaging, and serum and
urine biomarkers. Clin Cancer Res 8:
3105-17, 2002.

116.

117.

118.

Pasanen T, Karppinen A, Alhonen L, et
al.: Polyamine biosynthesis inhibition
enhances HSC-1 thymidine kinase/gan-
ciclovir-mediated cytotoxicity in tumor
cells. Int J Cancer 10: 380-8, 2003.

Wallace HM, Caslake R. Polyamines and
colon cancer. Eur J Gastroentrol Hepa-
tol 13: 1033-9, 2001.

Pryme IF, Bardocz S. Anti-cancer ther-
apy: diversion of polyamines in the gut.
Eur J Gastroenterol Hepatol 13: 1041-
6, 2001.

119.

120.

121.

W. E. CRISS

Bachrach U, Wang YC. Cancer therapy
and prevention by green tea: role of
ODC. Amino Acids 22: 1-13, 2002.

Babbar N, Gerner EW. Polyamines as
modifiers of genetic risk factors in
human intestinal cancers. Biochem Soc
Trans 31: 388-92, 2003.

Esmat AY, Refaie FM, Shaheen MH, et
al.: Chemoprevention of prostate car-
cinogenesis by DFMO and/or finasteride
treatment in male Wistar rats. Tumori
88: 513-21, 2002.

205



