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Abstract

Polyamines (spermine and spermidine) play many important roles in cellular function and are supplied from the intestinal
lumen. We have shown that continuous high polyamine intake inhibits age-associated pathologies in mice. The mechanism
by which polyamines elicit these effects was examined. Twenty-four week old Jc1:ICR male mice were fed one of three
experimental chows containing different polyamine concentrations. Lifetime intake of high polyamine chow, which had a
polyamine content approximately three times higher than regular chow, elevated polyamine concentrations in whole
blood, suppressed age-associated increases in pro-inflammatory status, decreased age-associated pathological changes,
inhibited age-associated global alteration in DNA methylation status and reduced the mortality in aged mice. Exogenous
spermine augmented DNA methyltransferase activity in Jurkat and HT-29 cells and inhibited polyamine deficiency-induced
global alteration in DNA methylation status in vitro. In addition, increased polyamine intake was associated with a decreased
incidence of colon tumors in BALB/c mice after 1,2-demethylhydrazine administration; 12 mice (60%) in the low polyamine
group developed tumors, compared with only 5 mice (25%) in the high polyamine group (Fisher’s exact probability = 0.027,
p = 0.025). However, increased polyamine intake accelerated the growth of established tumors; maximal tumor diameter in
the Low and High groups was 3.8560.90 mm and 5.5061.93 mm, respectively (Mann-Whitney test, p = 0.039). Spermine
seems to play important roles in inhibiting age-associated and polyamine-deficient induced abnormal gene methylation as
well as pathological changes including tumorigenesis.
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Introduction

The polyamines spermine and spermidine (Figure 1) are

essential for cell growth and differentiation and have many

biological activities that may contribute to inhibition of age-

associated pathological changes, such as anti-inflammatory and

anti-oxidant properties, free radical scavenger activity and general

protection of the genome and cells from various harmful stimuli

[1,2,3,4,5,6]. Although enzymatic activity essential for polyamine

synthesis decreases with aging, cells can take up exogenous

polyamines, and the importance of dietary polyamines has

increasingly been recognized [7]. For example, long-term, but

not short term, increased consumption of polyamine-rich food has

been shown to gradually increase blood polyamine concentration

in humans and mice [8,9,10].

The present study was designed to follow up on our previous

study showing that polyamines, and especially spermine, specifi-

cally suppress the age-associated increase in expression and

activity of lymphocyte function associated antigen 1 (LFA-

1 = CD11a/CD18) in peripheral blood mononuclear cells [2].

LFA-1 is one of the membrane–bound proteins that play a crucial

role not only in cell adhesion but also in mediating cell-cell

interactions, and their enhanced expression results in an

augmented capability of cell adhesion and activation [11,12].

The adhesion and activation of immune cells mediates inflamma-

tion [13,14], therefore, the sustained overexpression of LFA-1 of

the immune cells, such as PBMCs, in the elderly [15,16] is

considered to contribute the progression of chronic inflammatory

diseases [2]. Chronic silent inflammation is implicated in many

age-associated diseases [17], and therefore, this finding of

suppression of age-associated increased pro-inflammatory status

(as indicated by increased LFA-1 expression) by polyamines

prompted us to further investigate the effects of polyamines on

age-associated pathological alterations.

Recent studies have shown that spermidine extends the lifespan

of yeast, flies, worms and human cells [18]. However, the

importance of polyamines appears to differ among organisms;

for example, mice lacking spermine synthase have a variety of

defects including significant growth retardation, a very short life

span, deafness, and neurological deficits [5,19]. Spermine is

needed for normal growth in mammals, but not in yeast or plants,

suggesting that spermine is more important for mammals than for

many other organisms [20]. Another interesting aspect of the

PLOS ONE | www.plosone.org 1 May 2013 | Volume 8 | Issue 5 | e64357



effects of dietary polyamines is that long-term administration of a

high polyamine diet (mixture of spermine, spermidine, and

putrescine) elevated blood spermine levels, but not spermidine

levels [8]. Moreover, the effects of spermine on LFA-1 suppression

were shown to be more potent than those of spermidine [2].

Therefore, in the present study, we employed spermine to

investigate the biological activities in vitro.

In the present study, we further examined whether the increased

polyamine intake actually suppress LFA-1 expression in aged mice.

In addition, in order to investigate the biological background that

may lead suppression of age-associated pathologies, we investigat-

ed the effect of spermine on methylation status of whole genome of

murine organs and cultured cell, because polyamine metabolism

has a close association with gene methylation. Moreover, the result

that spermine suppressed polyamine-deficiency induced global

alteration in DNA methylation status prompted us to test the

possible role of polyamine on inhibiting 1,2-dimethylhydrazine

(DMH) induced neoplastic growth in the large intestine of mice.

Materials and Methods

Experimental chows
The experimental design was approved by the Institutional

Review Board of Jichi Medical University, and all animal

procedures followed the Principles of Laboratory Animal Care.

Experimental chows were prepared by adding synthetic spermine

(Wako Pure Chemical Industries Ltd., Osaka, Japan), spermidine

(Sigma Chemical. Co., St. Louis, MO) and putrescine, a diamine,

to the base ‘‘ = low’’ experimental chow prepared by Nippon Clea

Co. (Tokyo, Japan). The concentrations (w/w) of spermine,

spermidine and putrescine were 0.002 %, 0.008 % and 0.002 %,

respectively, for the moderate polyamine chow (defined as

‘‘normal polyamine chow’’ in the previous report [9].), and

0.015 %, 0.06 % and 0.015 %, respectively, for the high

polyamine chow. Details of the composition of the three

experimental chows are shown in a previous report [9]. The

mixture was pelleted, and concentrations of spermine, spermidine

and putrescine as measured by high-performance liquid chroma-

tography (HPLC) were 143, 224 and 496 nmol/g for the low

polyamine chow, 160, 434 and 625 nmol/g for the moderate

polyamine chow, and 374, 1540 and 1075 nmol/g for the high

polyamine chow, respectively [9].

Animals
Eight-week-old male Jc1:ICR mice were purchased from

Nippon Clea Co. After 2 weeks of acclimatization, 4-5 mice per

cage were randomly divided into 3 groups (the High, Moderate

and Low polyamine chow groups), and housed in temperature-

controlled cages supplied with high efficiency particulate-arresting

filtered air. Mice had ad libitum access to standard rodent

laboratory chow until 24 weeks of age, and to the experimental

chow thereafter. Body weight was measured every other week at

10 am, and survival was checked every other day. When mice bred

for blood sampling reached 80 weeks of age, blood sampling was

performed to determine blood polyamine levels and LFA-1

expression levels. At the time of blood sampling, any diseased

mice, such as those that appeared debilitated or with obvious

tumors on the body surface or in the organs and tissues that may

affect blood polyamine levels were excluded. Blood was drawn

from the right atrium under pentobarbital anesthesia (60 mg/g

body weight). When mice bred for histological and genetic

examinations reached 88 weeks of age, the survival study was

concluded, and animals were euthanized to extract organs and

tissues. The kidney, liver, colon, heart and gastrocnemius muscle

were extirpated and examined histologically, and kidneys were

used for DNA methylation microarray analysis.

For experiments testing the effects of increased polyamine

intake on neoplastic growth, 4-week old male mice (BALB/c) were

housed in cages and had ad libitum access to standard laboratory

chow. After one week of acclimatization, the 80 mice were divided

into 2 groups: the high polyamine and low polyamine chow

groups. Half the mice in each group (20 mice) were administered

20 mg/kg body weight (BW) of DMH (2.0 mg/ml in PBS)

subcutaneously for 12 consecutive weeks while the remaining mice

were injected with the same volume of PBS. After 25 weeks of

experimental chow feeding (42 weeks of age), mice were

euthanized and examined for neoplasms, especially in the large

intestine.

Cell culture studies
To exclude the effects of cytotoxic substances (aldehydes and

hydrogen peroxide) produced by serum amine oxidase activity

present in fetal bovine serum but not in the human body, the

culture medium was supplemented with human serum. Jurkat and

HT-29 cells were used to test the effects of polyamines on DNA

methylation and DNA methyltransferase activity. Cells were

cultured in RPMI-1640 supplemented with 10 % heat-inactivated

human serum (Cosmo Bio Co., LTD., Tokyo, Japan) and 0.01 %

Penicillin-Streptomycin (Invitrogen Corp., CA, USA) at a

concentration of 3.06105 cells/ml for 72 hours. To deplete

polyamines, alpha-d, l- difluoromethylornithine hydrochloride

(DFMO) (ALEXIS Biochemicals Co., Lausen, Switzerland) was

added to the culture medium at a final concentration of 3 mM.

Our previous reports have shown that the biological activity of

spermine is more potent than that of spermidine, and that serum

spermine concentrations are significantly increased by increased

polyamine intake in humans. Therefore, spermine was used for

our experiments and was added to the culture medium containing

Figure 1. Metabolic pathway for polyamine synthesis, Dnmt
activity and gene methylation. SAM is a methyl donor, and dcSAM
inhibits Dnmt activity. ODC = Ornithine decarboxylase; AdoMetDC = A-
denosylmethionine decarboxylase; SAM = S-adenosylmethionine;
dcSAM = Decarboxylate S-adenosylmethionine; Dnmt = DNA methyl-
transferase.
doi:10.1371/journal.pone.0064357.g001
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DFMO at a final concentration of 500 mM. The final concentra-

tions of DFMO and spermine were shown in preliminary

experiments not to elicit any cytotoxic effects on cultured cells.

Determination of polyamine concentrations
Whole blood samples were stored at 280uC in EDTA-coated

tubes. To measure polyamine content, each sample was twice

thawed and sonicated for 5 min and centrifuged at 18,0006g for

10 min. Each supernatant (100 ml) was then transferred to a new

microfuge tube containing 20% trichloroacetic acid (100 ml) with

20 mM N-(3-aminopropyl) cadaverine used as an internal

standard. After centrifugation at 18,0006g for 10 min, each

supernatant was collected and stored at 220uC until measurement

by HPLC (HPLC, LC-20AB, Shimadzu Corporation, Kyoto).

Jurkat cells and HT-29 cells cultured for 72 hours were harvested

and washed three times in excess PBS(-) to remove extracellular

polyamines. One million cells were resuspended in 0.6 M

perchloric acid, and then degraded by sonication (Eyela Ultrasonic

Cleaner, 750 w, 30 sec, Tokyo Rikaikai Co. Ltd., Tokyo) and

vigorous vortexing. Three hundred microliters of dansyl chloride

containing 10 mg/ml acetone, 40 mM 1,7-diamninoheptane and

saturated sodium carbonate solution were added to the lysate.

After a 15 min of heat incubation at 70uC, 25 ml of proline

solution in water (100 mg/ml) and 500 ml of toluene were added.

The dried supernatant phase of the lysate was dissolved in 500 mM

acetonitrile.

Concentrations of spermine and spermidine were measured by

HPLC using Capcell Pak C18 MG (Shiseido Co. Ltd., Tokyo).

HPLC was carried out as described in previous reports [8,9].

Flow cytometry
A FACSCalibur flow cytometer (BD Biosciences) was used to

quantify CD11a expression in lymphocyte and monocyte popu-

lations. Thirty to fifty thousand cells gated in the lymphocyte and

monocyte light scattered regions were analyzed. A FACScan flow

cytometer (FACSCalibur, Japan Becton Dickinson, Tokyo, Japan)

with analysis software (CeELLQuest) was used for analysis.

Preparation of cells was carried out as described in a previous

report [2].

DNA methyltransferase (Dnmt) activity assay
The EpiQuik Nuclear Extraction Kit I and EpiQuik DNA

Methyltransferase Activity/Inhibition Assay Kits (Epigentek

Group Inc.) were used according to the manufacturer’s protocols

to measure Dnmt activity under various experimental conditions

in Jurkat and HT-29 cells. Briefly, extracted nucleic acids from

16107 cells were incubated with the kit assay buffer on cytosine-

rich DNA-coated plates for 1 h. 5-Methylcytosine antibody and

color development solution were added to the plate, and

absorbance was measured using a DTX 880 Multimode Detector

(Beckman Coulter Inc., CA, USA); Multimode Analysis Software

ver.3.2.0.5 (Beckman Coulter Inc.) was used for the analysis.

Methylation-sensitive Amplified Fragment Length
Polymorphism (MS-AFLP) array

The methylation array was performed as described in a previous

report [21]. For preparation of the Not I-Mse I MS-AFLP

template, 1 mg of genomic DNA was digested overnight at 37uC
with 5 units of the methylation-sensitive restriction enzyme Not I

(Promega, Madison, WI, USA) and 2 units of methylation-

insensitive Mse I (NE Biolabs, Beverly, MA, USA). Two pairs of

oligonucleotides were annealed overnight at 37uC to generate Not I

(59-CTCGTAGACTGCGTAGG-39 and 59-GGCCCCTACG-

CAGTCTAC-39) and Mse I (59-GACGATGAGTCCTGAG-39

and 59-TACTCAGGACTCAT-39) specific adaptors. The prod-

ucts were then amplified using the Gene Amp PCR System 9700

(Applied Biosystems). The primers used were: Not I: GACTGCG-

TAGGGGCCGC and Mse I: GATGAGTCCTGAGTAA. Cycle

parameters used were: 72uC for 30 sec and 94uC for 30 sec,

followed by 36 cycles of 94uC for 45 sec, 52uC for 45 s and 72uC
for 2 min, followed by 72uC for 10 min, then reactions were kept

at 10 uC. Products were purified using the QIAquick PCR

Purification Kit (Qiagen). Fluorescently-labeled probes were

prepared using the Bioprime labeling system (Invitrogen). The

products were labeled with CY5 Mix solution (dGTP, dATP,

dTTP, dCTP and CY5-dCTP) or CY3 Mix solution (dGTP,

dATP, dTTP, dCTP and CY3-dCTP) and then hybridized to an

array (Agilent Custom Array, Agilent Technologies Japan, Ltd.,

Tokyo, Japan). Background-corrected signals were used to

calculate the log2 ratio of the CY5 vs. CY3 channel for every

array feature.

The arrays were scanned using an Agilent G2565BA DNA

Microarray Scanner or by Hokkaido System Science Co. Ltd.

(Sapporo, Japan), and analyzed using MeV version 4.5. (The

arrays used for analysis were the Agilent MouseGenome for mouse

tissues, and Agilent HumanGenome for Jurkat cells, Dana-Farber

Cancer Institute, MA, USA).

Statistical analysis
Data were expressed as means 6 SD (standard deviation) of

several experiments indicated as n (number). Comparisons of three

groups of data were done using the Kruskal-Wallis test, and

comparisons between two groups of data were done with the

Mann-Whitney test. A p value less than 0.05 was considered to be

statistically significant. Survival times were estimated using the

Kaplan-Meier method. Comparison of survival between groups

was done using the Logrank analysis. Evaluation of tumor

formation was tested by Fisher’s exact probability test.

Results and Discussion

Figure 2 was created using the results of 4 individual

experiments combined from the present study and our previous

report [9]. Similar to the results of the previous study [9], the

lifespan of Jc1:ICR mice fed a high polyamine chow was greater

than that of mice fed moderate (Moderate) or low (Low) polyamine

chow (Figure 2) (Figure S1). Our previous study showed that the

inhibition of age-associated pathological changes was not due to

either the decreased food intake or to the associated attenuation of

body weight gain, because the body weight was similar among the

three groups of mice and the amount of food intake was even

greater in mice fed high polyamine chow [9].

Whole-blood polyamine levels in the Low group were similar to

those in the Moderate group [9], however whole blood spermine

concentrations in the High group were increased, with wide inter-

individual variation (range 3.40 – 18.80), significantly higher than

the Moderate and Low groups, or in young (24 weeks old) mice

(p = 0.018 vs. Low, p = 0.019 vs. Moderate, p = 0.006 vs. young

mice) (Figure 3a). Although spermidine concentrations in the High

group were increased with wide inter-individual variation (range

24.60 – 84.80), they were not significantly different from the

Moderate and Low groups, or from young mice (Figure 3a).

Similar to our previous study in humans [8], high dietary

polyamine intake in mice appears to increase blood levels of

spermine to a greater extent than spermidine.

The mean fluorescence intensities (MFIs) of CD11a in

lymphocyte and monocyte populations in the young, Low and

Polyamine Suppresses Abnormal Gene Methylation
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High groups were 73.9065.92, 112.62626.93 and 91.25612.32,

respectively, indicating an age-associated increase in LFA-1

expression (Figure 3b). Although CD11a MFIs in the Low and

the High groups were higher than in young mice (p = 0.004 vs. the

Low, and p = 0.025 vs. the High), no significant difference was

observed between the Low and High groups (p = 0.262). The

percentage of bright CD11a cells in the Low group

(10.1865.08%) was significantly higher than in young mice

(3.7061.03%) (p = 0.004), and the percentage of bright CD11a

cells in the High group (3.8460.99%) was significantly lower than

in the Low group (p = 0.039), and was similar to that of young mice

(p = 0.631). We have previously shown that spermine markedly

suppresses LFA-1 expression in human and that spermine potently

decreased the number of bright CD11a cells in vitro [2]; the present

study yielded similar results in the murine model.

At the organ and tissue level, the most significant age-associated

pathological changes were observed in the kidney [9]. Preliminary

AFLP analyses revealed differences in gene methylation status of

several organs between the High and Low groups, and these

differences were most significant in kidney. Hence, MS-AFLP was

performed using kidney. A kidney methylation microarray in aged

mice showed a widespread increase in demethylation and

methylation compares to young mice. This age-associated

enhancement of genome wide alteration in DNA methylation

status seemed to be suppressed by high polyamine intake

(Figure 3c) (Dataset S1).

In our previous study, blood spermine concentrations were

revealed to have an inverse association with LFA-1 expression in

healthy human volunteers, while spermidine had little association

with LFA-1 expression [2]. An in vitro study showed that although

spermidine has biological effects similar to spermine in mamma-

lian cells, the increased intracellular spermidine concentrations

were above physiological levels [2]. In addition, previous reports

have shown that the importance of polyamines appears to differ

among organisms, spermine being more important in mammals

than in lower organisms [5,19,20,22–24]. Considering these

Figure 2. Survival curve. The survival curve was created based on
the results of 4 separate experiments. There were significant differences
between the moderate and high polyamine chow groups (p = 0.010),
and between the low and high polyamine groups (p = 0.040). No
significant difference was found between the low and moderate
polyamine groups (p = 0.613).
doi:10.1371/journal.pone.0064357.g002

Figure 3. Blood polyamine levels, LFA-1 expression and methylation status. 3-a. Whole blood polyamine concentration. Polyamine
concentrations in whole blood samples from young (24 weeks) and aged mice (80 weeks) were measured by HPLC. * Spermine concentrations in
aged mice fed high polyamine chow were significantly higher than in the Low group or in young (24 weeks old) mice (p = 0.018 vs. Low, p = 0.006 vs.
young mice) Bars indicate means and standard deviations. 3-b. Effect on CD11a expression. # The percentage of bright CD11a cells in aged mice fed
high polyamine chow was significantly (p = 0.039) lower than in mice fed low polyamine chow, and was similar to that of young mice. Bars indicate
means and standard deviations. 3-c. Methylation status of kidney genes. MS-AFLP array analysis using a mouse DNA array is shown. Control samples
comprised a mixture of tissue from three young mice. Mean data of the log2 ratios of the values from 3 animals relative to the control samples are
shown. Positive figures indicate increased demethylation of samples relative to the control, and negative figures indicate increased methylation of
samples relative to the control. SPM = Spermine; SPD = Spermidine; Low polyamine = 80 weeks of mice fed low polyamine chow; High = 80 weeks of
mice fed high polyamine chow. Young mice = 24 week-old mice.
doi:10.1371/journal.pone.0064357.g003
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findings and the fact that increased spermine but not spermidine

was apparent after increased polyamine intake, we focused on the

effects of spermine in our in vitro studies.

As there were significant differences in the histological findings

between the High and Low groups, it is possible that the results of

the methylation array could be attributable to differences in cell

composition. To clarify the effects of polyamines on methylation

status, cultured cells were utilized. Inhibition of ODC activity by

DFMO decreased spermidine and spermine concentrations

(Figure 4a), and DNA methyltransferase (Dnmt) activity in Jurkat

cells (64.20628.60% of control, n = 6, p = 0.004) (Figure 4b).

DFMO treatment has been shown to increase levels of decarbox-

ylated S-adenosylmethionine (dcSAM) [25,26], which acts as a

competitive inhibitor of methylation reactions (Figure 1). Sperm-

ine supplementation increased both spermine and spermidine

concentrations (Figure 4a). Since polyamines have play a negative

regulatory role in adenosylmethionine decarboxylase (AdoMetDC)

synthesis [27,28], spermine supplementation may decrease

dcSAM. To wit, the supplementation in fact activated Dnmt

activity (p = 0.004, compared to DFMO treatment) (Figure 4b).

Increased Dnmt activity induced by 500 mM spermine supple-

mentation (126.90620.10%, n = 13) was also confirmed using

HT-29 cells. In accordance with previous studies in which the

inhibition of polyamine synthesis by an ODC inhibitor was found

to mediate hypomethylation of CpG islands in genomic DNA and

down-regulate Dnmt mRNA and protein expression [29,30,31],

DFMO treatment resulted in global alteration in DNA methyl-

ation status in Jurkat cells. Spermine supplementation inhibited

the polyamine-deficient associated global misregulation of DNA

methylation status (Figure 4c) (Dataset S2).

ITGAL, a gene that promotes expression of LFA-1, appears to

be one target of methylation alteration in response to polyamine

metabolism. Decreased Dnmt activity has been reported to be

associated with increased demethylation of ITGAL and increased

LFA-1 expression [32,33]. Our recent study showed that increased

Dnmt activity induced by polyamine supplementation is accom-

panied by increased ITGAL methylation and decreased LFA-1

expression [34]. It is known that aging is associated with decreased

polyamine synthesis [35,36], decreased Dnmt activity [37,38],

increased LFA-1 expression [15,32] and global alteration in DNA

methylation status [32,39]. These findings and the results of the

present study suggest that exogenous polyamines play an

important role in Dnmt activation, and Dnmt activity seems to

maintain the methylation status of the whole genome.

Global alteration in DNA methylation status associated with age

has been documented in many vertebrate tissues [39,40], and such

changes are considered a major cause of neoplastic development

and age-associated chronic diseases and fragility [41,42]. In the

present study, in association with inhibition of age-associated

pathological changes, inhibition of age-associated alteration in

DNA methylation status by increased polyamine intake was

accompanied by a decrease in the incidence of 1,2-dimethylhy-

drazine (DMH)-induced neoplastic development in BALB/c mice.

Tumor formation was found in 12 mice (60%) in the Low group,

while only 5 mice (25%) had tumors in the High group (Fisher’s

exact probability = 0.027, p = 0.025) (Figure 5). The average

number of tumors in mice with detectable tumor formation was

1.17 and 1.60 in the Low and High groups, respectively. Maximal

tumor diameter in the Low and High groups was 3.8560.90 mm

and 5.5061.93 mm, respectively (Mann-Whitney test, p = 0.039)

Figure 4. Polyamine concentration, Dnmt activity and methylation status. 4-a. Polyamine concentration in cells under various conditions.
DFMO treatment decreased, and spermine supplementation increased, concentrations of spermine and spermidine in Jurkat cells. Bars indicate
means and standard deviations. 4-b. Effects of polyamine on DNA methyltransferase activity. * DFMO treatment significantly (64.20628.60% of No
treatment cells, p = 0.004) decreased, and # spermine supplementation increased (p = 0.004) methyltransferase activities in Jurkat cells. Bars indicate
means and standard deviations. 4-c. Methylation status in Jurkat cells. MS-AFLP array analyses using a human DNA array are shown. DNA from
untreated Jurkat cells was used as a control. The log2 ratios of values relative to the control samples are shown. Positive figures indicate increased
demethylation of samples relative to the control, and negative figures indicate increased methylation of samples relative to the control.
SPM = Spermine; SPD = Spermidine.
doi:10.1371/journal.pone.0064357.g004
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(Figure 5). Thus, increased polyamine intake suppresses DMH-

induced tumorigenesis, but enhances growth of established

tumors. Neoplastic formation was not observed in control PBS-

injected mice fed either a Low or High polyamine diet. Increased

enzymatic activity required for polyamine synthesis is closely

related to neoplastic growth [43]. ODC is a target of oncogenes,

and ODC overexpression and the resultant increase in polyamine

levels in cells with properties of tumor cells, and in animals with

other genetic or epigenetic abnormalities promotes neoplastic

transformation [44,45,46]. These findings suggest a direct

involvement of polyamines in tumorigenesis. However, it has

been shown that oncogenic transformation does not occur when

wholly normal cells are targeted for ODC overexpression

[44,45,46]. Increased pro-inflammatory status with age enhances

oxidative stress, and increased exposure to oxidative stress leads to

epigenetic abnormalities such as global alteration in DNA

methylation status leading to neoplastic transformation. Therefore,

polyamine-induced suppression of pro-inflammatory status and

inhibition of global alteration in DNA methylation status seem to

play an important role in inhibiting neoplastic transformation.

Conclusions

This study, along with finding that healthy foods such as

soybeans are rich in polyamines and that healthy dietary patterns

such as the Mediterranean diet and Japanese food are associated

with increased polyamine content [47,48], supports the notion of a

positive contribution by dietary polyamines to human health and

longevity.

Supporting Information

Dataset S1 The result of methylation microarray of murine

kidney.

(XLS)

Dataset S2 The result of methylation microarray of Jurkat cells.

(XLS)

Figure S1 Survival curve in previous and present experiments.

Upper) The survival curve was created based on the results of 2

experiments of the previous study. Survival of the High group

seemed to be higher than the Low or the Moderate group,

however no significant difference was found. Lower) The survival

curve was created based on the results of 2 experiments of the

present study. While no significant difference was found, the

survival of the High group seemed to be higher than other 2

groups of mice.

(TIF)
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