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Current Status of Polyamine and Polyamine Analogs

Analysis in Cancer Research

Armagan Onal

Istanbul University, Faculty of Pharmacy, Department of Analytical Chemistry, Istanbul, Turkey

The amino-acid-derived polyamines have been associated with cell growth and cancer and their
concentrations in malignant tumors are extremely high compared to those in tissues that are
histologically normal. Hence, polyamines have been considered as an interesting object for
anticancer therapy. Analysis of polyamine levels in biological fluid can possibly provide helpful
information on the types of cancer and progression phase of the disease. Numerous mod-
ern analytical methods, including high-performance liquid chromatography, gas chromatog-
raphy, capillary electrophoresis, and other separation techniques have been widely utilized for
analysing polyamine levels. In both tissue culture and experimental animal models, polyamine
analogues restrain cell growth and destroy malignant cells. Determination of intracellular ana-
logue contents is also crucial, since analogue accumulation is a causal factor for their antitumour
effectiveness. In this review, the latest methods reported for polyamines and polyamine analogs

in cancer research are discussed.
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INTRODUCTION

Cancer has been among our greatest health concerns for ages.
Itis an overall name given to a group of over 100 diseases where
cell growth in a part of the body goes out of control (1). The rea-
son for most cancer types are DNA damages that accrue through-
out lifetime. DNA can be damaged by many things, including
radiation like ultraviolet light and chemicals such as those in
cigarette smoke. Despite the fact that the exact link between
a bad diet and cancer risk still remains unknown, malnutrition
also seems to be a possible reason of cancer development. Even
some viruses are associated with cancer (2). Early diagnosis
and rapid treatment are essential for fighting this disease in an
effective manner. In spite of great advancements in the medical
sciences, most tumors can still be revealed only in advanced or
even final stages, which may be too late for treating them in a
successful manner. In this respect, new, selective, and cheap tu-
mor diagnostic techniques are the focuses of modern medicine.

Pre-cancer diagnosis has become a crucial subject in clin-
ical and pre-clinical research, throughout the the advance-
ment of analytical instrumentation and biochemistry. Studies on
effective biomarkers for cancers are vital in pre-cancer screening
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or pre-cancer diagnosis since they give valuable information on
the type of cancer, as well as on a patient’s phase of advancement
at very early stages. (3, 4).

Putrescine, spermidine, and spermine, which respectively
contain two, three, or four charged amine groups, are the most
common polyamines as biochemical markers of cancer. In cell
proliferation, cell growth, and synthesis of proteins and nucleic
acids, polyamines as cancer biomarkers take an important role
(5-7). Among a number of biochemical changes in cancer cells,
alterations in intracellular polyamine content is the most consis-
tent since their concentrations in malignant tumors are notably
higher than those in normal tissue. The increase depends on
polyamine homeostasis loss which emerges during the dysreg-
ulation of cell proliferation (8—11). Polyamines have thus been
seen as a crucial target for anti-cancer treatment (12, 13).

POLYAMINES METABOLIC PATHWAYS

Putrescine (PUT), spermidine (SPD), and spermine (SPM)
polyamines and several polyamine metabolites including N-
acetyl spermidine (N-acetyl SPD), N-acetyl spermine (N-acetyl
SPM), and hydrogen peroxide (H202) naturally consist of
elements that are essential for eukaryotic cell growth. The
metabolism of polyamines are frequently deteriorated in can-
cer; therefore, polyamine function and metabolism is important
targets for therapeutic intervention (14). There were numerous
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FIG. 1. Polyamine metabolism pathways. Enzymes involved
are ornithine decarboxylase (ODC), S-adenosylmethionine de-
carboxylase (SAMDC), putrescine aminopropyl transferase
(PAPT), polyamine oxidases (PAO), spermidine/spermine
acetyl transferase (SSAT), S-adenosylmethionine decarboxy-
lase (SAMDC), spermidine aminopropyl transferase (SAPT).

reviews reported on the polyamines metabolic pathway (15-25).
Methabolic pathways of polyamines are briefly described in this
document (Fig. 1).

Production of putrescine by the decarboxylation of the amino
acid, ornithine by ornithine decarboxylase (ODC), constitutes
the first critical step. Subsequent addition of an aminopropyl
group to putrescine leads to the synthesis of spermidine and
further addition of another aminopropyl group leads to the for-
mation of spermine (26, 27). The aminopropyl group is derived
by decarboxylation of S-adenosylmethionine (SAM), by (SAM)
decarboxylase (DC) yields decarboxylated SAM, which gives
its propyl amine moiety for spermidine and spermine formation
respectively by spermidine synthase (SRM) and spermine syn-
thase (SMS). Intracellular polyamine levels are also controlled
by catabolism, permitting the conversion of spermine back to
putrescine (27-29). In the retroconversion process, using acetyl-
CoA to form Nl-acetylspermidine and spermine, spermi-
dine/spermine N 1-acetyltransferase (SSAT) is the first step. The
N 1-acetyl derivatives are the preferred substrates of flavin ade-
nine dinucleotide (FAD) -dependent polyamine oxidase (PAO),
which respectively produce spermidine and putrescine (30). Fig-
ure 1, illustrates the pathways of polyamine metabolism.

POLYAMINE FUNCTIONS IN CANCER

Polyamines affect several carcinogeneous processes. In-
creased polyamine levels have been associated with increased
cell proliferation, while decreases in apoptosis and increases
in expression of genes affect tumor invasion and metastasis.
Oppositely, a decrease in polyamine levels is associated with
decreased cell growth, increased apoptosis, and decreased ex-
pression of genes affecting tumor invasion and metastasis (31,
32). This means that calculation of polyamine levels could be a
utilized as a valuable tool in forecasting the effectiveness of the
treatment.

A combination of SSAT, PAO, andpolyamine export leads to
very low or non-detectable levelsof acetyl polyamines, in nor-
mal cells. Nevertheless, acetylpolyamines are detected in high
concentrations in cancer cells and this provides an association
between alterations in polyamine metabolism and carcinogene-
sis (33, 34).

Ornithine decarboxylase, which is a critical enzyme in the
polyamine biosynthetic pathway, catalyzes ornithine’s con-
version into putrescine (35). ODC and polyamine levels are
frequently elevated in tumor tissues relative to their normal
counterparts (36, 37). DFMO was one of the first rationally de-
signed anti-cancer drugs, and was directed against ODC (38).
DFMO has been implemented in the establishment of the syn-
thesis and the catabolism of the polyamine pathways, in the
assessment of the polyamine-controlled mechanisms involving
cell proliferation and differentiation, in the inhibition of can-
cer cell growth, in the improvement of existing human cancer
therapies and in the development of new approaches in cancer
chemotherapy, and even in cancer prevention programs. DEMO,
however, has had dissatisfactory results in a majority of ther-
apeutic attempts to use it as single drug, but based on its low
toxicity, it may offer possible contributions in cancer chemopre-
vention. Numerous polyamine biosynthetic pathway drugs and
polyamine analogues are actually being tested in human cancer
patients. Up to now, the most successful in cell growth inhibition
are polymine (PA) analogues bis(ethyl)-analogues of Spm and
bis(ethyl)-analogues of Spd (39, 40). PA analogues regulate the
enzymes of biosynthesis down, reduce the PA pools, and thus
inhibit cell growth. These are subjected to individual and col-
lective evaluations, and are assessed in combination with other
anti-cancer drugs as well.

ANALYTICAL METHODS

Polyamines are interesting as biochemical markers of cancer,
since some types of malignant cell proliferation are related to
increases in cellular polyamine concentrations. Polyamine con-
centrations in human fluids normalize in patients after curative
operations and these levels can further increase in patients who
have proven tumor relapses and metastasis (41-45). In this con-
text, it is important to determine these amines in human fluids,
in order to screen for cancer screening, to assess effectiveness
of therapy, and to identify relapses.

A number of studies have been reviewed for the detection
of biogenic amines in biological fluids between 1975 and
2004 (46—48). In this manuscript, latest methods reported for
polyamines and polyamine analogs in cancer research are
reviewed.

N' N!2_diacetylspermine (DiAcSpm) and N ! N8-diacety-
Ispermidine (DiAcSpd) are minor components of human uri-
nary polyamine. Urinary polyamines analysis has demonstrated
that the excretion of these diacetylpolyamines, in particular, into
urine was frequently and markedly increased in association with
every type of cancer so far examined (49).
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Hiramatsu et al. (50) measured N' N'2-diacetylspermine (Di-
AcSpm) by ELISA in the urine of colon and breast cancer pa-
tients and compared the urinary DiAcSpm level with serum
levels of other established tumor markers. Consequently, Di-
AcSpm was found to be a more sensitive marker compared
to other established markers for colon and breast cancers and
showed that it can proficiently detect cancers at early clini-
cal phases. DiAcSpm was first detected and characterized by
HPLC fractionation followed by enzymatic detection in the
Kawakita et al. studies (51). More recently, however, antibod-
ies highly specific for DiAcSpm were prepared, and an ELISA
system applicable to determination of urinary DiAcSpm was es-
tablished. DiAcSpm was elevated in hepatocellular carcinoma,
nevertheless patients with liver cirrhosis also demonstrated con-
siderably higher levels of DiAcSpm. Enjoji et al. had exam-
ined the clinical significance of urinary DiAcSpm using the
ELISA system as a tumor marker for hepatocellular carcinoma
(52).

Clinical implications of diacetylspermine, a urine tumor
marker, were examined by comparing two conventional tu-
mor markers, serum carcinoembryonic antigen and carbohy-
drate antigen 19-9, in 125 patients with pancreatobiliary diseases
(53). The ELISA system was used for measuring diacetylsper-
mine. Consequently, urine diacetylspermine is found to be a
marker for pancreatobiliary carcinoma, which is as sensitive
and specific as serum carbohydrate antigen 19-9.

Using '"N-labded Ac,Spm as the internal standard, an ion-
spray ionization mass-spectrometric method for the identifica-
tion of NI )N 12-diacetylspermine (AcySpm) was developed (54).
Ac,Spm concentrations in the urine obtained from 17 cancer
patients measured by this technique directly correlated with the
ones measured by means of ELISA, demonstrating the effec-
tiveness of these two methods.

Stejskal et al. were investigaing diagnostic efficacy of di-
acetylspermine concentrations in the urine of individuals with
urinary bladder cancer (55). Urine samples were used from
36 patients with urothelial tumors of the urinary bladder and
from 30 patients with benign urological diseases. ELISA were
performed for diacetylspermine from urine. As a result, urine
N1,N 12-diacetylspermine was probably not a useful marker for
urinary bladder cancer.

Takahashi et al. analyzed the significance of the mea-
surement of urine di-acetyl spermine as a cancer marker
for colorectal cancer treatment (56). Urine and serum di-
acetyl spermine obtained from pre-operative and post-operative
colorectal cancer patients were measured by ELISA. Their
data showed that urine DiAcSpm predicted the progno-
sis after colorectal cancer surgery more exactly than serum
CEA.

The cloning and initial characterization of human PAO were
reported by Wang et al. (57).In homogenates, PAO activity was
examined by a fluorometric method that calculates the H,O,
generated due to oxidation of spermine by turning homovanil-
lic acid into a very fluorescent compound in the presence of
horseradish peroxidase.

Effects of polyamine depletion by a-difluoromethylornithine
on in vitro and in vivo biological properties of the 4T1 murine
mammary cancer cells were investigated by Jun et al. (58)
Polyamine depletion by DFMO has been shown to decrease
pulmonary and bone metastasis from human breast cancer cell
xenografts. HPLC was utilized for determining polyamine lev-
els. This research demonstrated that inhibition of polyamine
biosynthesis with DFMO noticeably suppressed in vitro prolif-
eration and invasiveness of the 4T1 murine mammary cancer
cell.

The inhibitory effect of ornithine decarboxylase (ODC) and
S-adenosylmethionine decarboxylase bi-antisense AdoMetD-
Cas (Ad-ODC-AdoMetDCas) virus on lung cancer cell A-549
were investigated by Qi-Feng et al. (59). An HPLC method was
used to determine the expression of the polyamine content in
A-549 cells. Ad-ODC-AdoMetDCas has a significant inhibitory
effect on proliferation and invasion of lung cancer cells and has
therapeutic potential for the treatment of lung cancer.

Mateva et al. reported a HPLC method with fluorescent
detection for simultaneous analysis of plasma and urine free
catecholamines, metanephrines, and polyamines without prior
treatment procedures via precolumn derivatization with Fmoc-
Cl. The proposed method for simultaneous analysis of CA, PA,
and MN is especially appropriate for early diagnostics of dis-
eases, where changes in concentrations of these substances are
expected to occur (60).

A single hollow fiber supported liquid membrane (SLM) ex-
traction technique of polyamines, which is followed by simple
pre-column derivatization with tosyl chloride and HPLC-UV
analysis, was explained by Dziarkowska et al (61). In order to
develop an SLM extraction method of polyamines from urine
and plasma, the transport of polyamines through supported lig-
uid membrane immobilized in a single hollowfiber were studied
in this study.

SAMA486A is an inhibitor of the polyamine biosynthetic en-
zyme S-adenosylmethionine decarboxylase (SAMDC). Siu et
al. (62) performed studies to characterize the toxicity profile
and the pharmacological behavior and to determine the max-
imum tolerated dose of SAM486A administered by a 1-h i.v.
infusion daily for 5 days every 3 weeks in patients with ad-
vanced cancer. SAM486A was detected using a HPLC method
with a UV detector monitoring at a wavelength of 230 nm.

Polyamines’ utility as biomarkers of the evolution of the
murine L5178Y lymphoma is reported in different body fluids,
cells, and tissues (63). Findings were also applied to anti-tumor
effect of Bursera fagaroides. Cation exchange HPLC was used
to determine the PA levels in urine, peritoneal cells, circulating
lymphocytes, spleenocytes, mesothelium, and liver of BALB/c
mice at days 10, 17, and 24 of tumoral evolution. PA levels were
also measured in urine from mice treated, intraperitoneally or
orally, with the hydroalcoholic extract of the bark of B. fa-
garoides. Spd and Spm urinary levels were not detectable, while
Pu increase in urine is the best biomarker to detect lymphoma
growth. Furthermore, Pu urinary levels decreased significantly
in mice treated intraperitoneally with B. fagaroides.
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Five cyclopropane-containing polyamine analogues, 7, 10,
18, 27, and 32, have been evaluated for their anti-neoplastic
activities against DU-145 human prostate cancer tumors im-
planted in nude mice (64). A HPLC fluorescence monitor was
used for polyamine analysis.

Arimural et al. (65) investigated involvement of polyamines
in evening primrose extract (EPE)-induced apoptosis in Ehrlich
ascites tumor cells. To determine the effect of EPE on intra-
cellular polyamines concentration, their levels were assayed by
HPLC using fluorescence dedector. The fluorescence was mea-
sured at excitation and emission wavelength of 365 and 455 nm,
respectively. The results showed that EPE caused a significant
decrease in putrescine, spermidine, and spermine levels within
30 minutes after the addition.

Deng et al. developed a HPLC method for the determination
of biogenic amines in human plasma of three healthy volunteers
and four cancer patients, based on the precolumn derivatization
with N-hydroxysuccinimidyl fluorescein-O-acetate (66). Weiss
et al. examined the correlation of ODC activity and polyamine
levels with tumor stage and grade in terms of sample recruitment
(67). In tissue samples from 64 patients with colorectal ade-
nocarcinomas, HPLC was utilized for determinig polyamines
levels. It is detected that polyamine content is correlated with
the tumor stage.

In the Inoue et al. study (68), a HPLC technique for the si-
multaneous determination of free and N-acetylated polyamines
in urine with fluorescence detection after pre-column
derivatization with 4- (5,6-dimethoxy-2-phthalimidinyl)-2-
methoxyphenylsulfonyl chloride was described. The fluores-
cent derivatives were separated on a reversed-phase col-
umn with a gradient elution utilizing water—acetonitrile—
methanol at 50°C and detected by fluorescence measurements at
318 nm (excitation) and 406 nm (emission). The detection limits
of the polyamines and N-acetylated polyamines were 0.7-4.5
fmol/injection.

HPLC assay with fluorescence detection was developed for
the determination of the polyamines putrescine, spermidine,
spermine in samples of human spinal cord, cerebellum, cere-
brospinal Xuid, skeletal muscle, and muscle microdialysates
without an extensive sample preparation (69). The pre-column
derivatization was performed with 9-fluorenylmethyl chloro-
formate. All polyamines were separated within 35 minutes. The
author stated that this assay is a useful tool in the ongoing search
for functions of polyamines in cancer research.

A HPLC method for simultaneous determination of amino
acids, polyamines putrescine, spermidine, spermine, cate-
cholamines, and metanephrines, in human body fluids was re-
ported (70). Acidic (pH = 2.1) and basic (pH = 8.4) ammonium
acetate buffers that contain varying amounts of dibutylamine
were used as eluents. Perchloric acid, which also acts as an ion-
pairing agent, was utilized for achieving a gradual increase of
pH of mobile phase.

Liquid chromatography-mass spectrophotometry (LC-MS)
analysis was developed to perform extractive carbamoylation of

polyamines for the investigation of their biological roles in both
urine and serum samples obtained from breast cancer patients
(71). This technique was utilized for monitoring the polyamine
concentration range in urine and serum samples obtained in
30 breast cancer patients and 30 age- and gender-matched nor-
mal controls. No significant difference between the urine of
breast cancer patients and the controls in urinary polyamine
levels was detected. Comparably, the concentrations of 1,3-
Diaminopropane, Put, Spm, and N —acetylspermidine levels in
serum were significantly increased in breast cancer patients.

A time-of-flight mass spectrometer with electrospray ion-
ization interface method to determine the concentrations of
spermidine and spermine in mammalian cells was described by
Samejima et al. (72). Data acquisition of one sample required
approximately 2 minutes. This method was successfully ap-
plied for the identification of lowered spermidine and spermine
contents in cultured cells under the inhibition of aminopropyl
transferases.

A reversed phase liquid chromatography—electrospray
ionization-tandem mass spectrometric method (RP-LC-ESI-
MS/MS) was developed to separate and detect polyamines (73).
Prior to MS/MS analysis, a complete chromatographic sepa-
ration of polyamines was achieved by a linear gradient elution
using heptafluorobutyric acid as a volatile ion-pair modifier,
and signal suppression was prevented by post-column addition
of 75% propionic acid in isopropanol to the column flow.

Byun et al. (74) were was designed to evaluate serum
polyamine levels along with operative conditions in both
pre- and post-menopausal BCa patients compared to healthy
subjects using a validated liquid chromatography—tandem mass
spectrometry (LC-MS/MS). Serum polyamines were higher in
pre-menopausal BCa patients, while those in post-menopausal
patients were similar to the controls. Also, all polyamine
levels decreased slightly in post-surgery patients and they were
comparable to healthy subjects. The result suggests that serum
polyamine levels correlate with estrogen levels, along with
menopausal status, due to the association of estrogen-induced
cell growth and ODC activity.

Simultaneous determination of MeCy5-OSu-derivatized
polyamines spermine, spermidine, cadaverine, and putrescine
based on the separation by capillary electrophoresis combined
with diode LIF detection has been accomplished by Fu et al.
(75). The analysis of polyamines in erythrocytes can be used
for studying the relationship between their changes and the car-
cinogenesis process involved in erythrocytes.

Liu et al. (76) reported separation and detection of cate-
cholamines and polyamines in PC-12 cell extracts by using
micellar electrokinetic capillary chromatography (MECC) with
UV absorption detection. The author stated that this technique
can be easily applied to polyamine-related anti-cancer drug
studies or clinical follow-ups after each dosage of these anti-
cancer drugs, since these drugs not only have great inhibition
on polyamine levels in blood, but also have a large influence on
catecholamine levels in blood.
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In the other report, electron-capture gas chromatographic
analyses of putrescine, cadaverine, and spermidine in rat hepatic
tissue was conducted after a 14-day administration of diamine
oxidase (DAO) inhibitor aminoguanidine (77). Polyamine levels
were measured using gas chromatography-electron capture de-
tection. Significant increases in putrescine concentration were
detected, but no such result was obtained in spermidine. In hep-
atic homogenates from aminoguanidine-treated rats, increased
concentrations of cadaverine was also present.

As co-factors in the growth of cervical cancer, the poten-
tial role of estrogen, androgen, and polyamine metabolism were
investigated by Lee et al. (78) Urine samples were obtained
from patients with benign cervical disease and cervical cancer
and from age-matched normal female subjects. An improved
and sensitive gas-chromatographic with nitrogen/phosphorus-
detection (GC/NPD) procedure was utilized for polyamine de-
termination. The significant role that high activity of PAO in
polyamine metabolism might play in the development of cervi-
cal cancer was detected.

The gas chromatography—mass spectrometry (GC-MS) in
selected ion-monitoring (SIM) method for simultaneous de-
termination of putrescine, spermidine, and spermine as N-
heptafluorobutyryl derivatives in hair samples was developed
by Li et al. They found that measuring hair polyamines may
assist in early diagnosis and prevention of cancer in patients
(79).

Paik et al. (80) investigated altered urinary PA levels from
three different cancer cases at different intervals during the
long-term week-day acupuncture treatments. Nine urinary PA
levels from 16 normal and three cancer patients with different
types of cancer were measured by GC-MS in SIM mode as N-
ethoxycarbonyl-N-pentafluoropropionyl derivatives. Their lev-
els measured at three follow-up stages for each patient were
then normalized to the corresponding normal group means and
plotted into star symbol patterns. The results showed that uri-
nary PA profiling analysis combined with star graphic analysis
appeared to be useful for monitoring metabolic changes induced
by long-term acupuncture treatments in cancer.

The metabolomic approaches for mining biomarkers of
women’s cancers based on GC-MS and liquid chromatography-
mass spectrometry combined with partial least squares-
discriminant analysis are described by Woo et al. (81). A
non-targeted metabolomic approach indicated that it is not only
useful for diagnostic tools and patient stratification, but may be
mapped on a metabolic network to reflect disease states.

CONCLUSION

Cancer has been among our greatest health concerns for ages.
With the improvements in biochemistry and analytical instru-
mentation, pre-cancer diagnosis has become a hot point of clin-
ical and pre-clinical research. Polyamines as cancer biomarkers
play an important role in cell proliferation, cell growth, and
synthesis of proteins and nucleic acids and have been seen con-
sidered as an interesting point for anti-cancer treatment. For

screening polyamines in serum, urine, and tissues, many dif-
ferent techniques have been developed. Generally, they are an-
alyzed through immunoenzymatic techniques, which are pop-
ular in bioanalytical laboratories. Polyamines do not absorb
UV-vis light since they are very polar compounds; polyamines
analysis in biological samples using classical analytical tech-
niques such as chromatography or capillary electrophoresis
need a lot of operation steps, which make them labor-and time-
consuming. In this context, for polyamines analysis it is neces-
sary to develop very simple, rapid, and cheap sample preparation
techniques. Because polyamines are found in extremely low
concentrations in biomatrix fluids and especially in urine, in-
creasing the sensitivity of detection is an important matter.
Therefore, hyphenated methods have been considered as a po-
tential way to increase sensitivity. Consequently, the need for
seeking new alternatives for polyamine analysis in cancer re-
search is obvious.
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