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ABSTRACT

Polyamines (putrescine, spermidine and spermine) as well as y- and a-synucleins are cur-
rently the subject of a special comprehensive study due to their direct influence on the formation
of neoplastic processes.

This review article presents informative data on the role of aliphatic polyamines (putrescine,
spermidine, spermine) in the induction of a number of oncological diseases with their localiza-
tion in the digestive and urinary systems. Aspects related to the synthesis and aggregation of
y-synucleins into malignantly reborn cells have been discussed. The article provides information
on the possible prevention of further growth of malignant cells, by inhibiting enzymatic processes
responsible for the polyamine synthesis.

In case of prolonged persistence of Helicobacter Pylori in the stomach, an enhanced synthesis
of polyamines and cumulation in situ of oligo- and aggregated gamma synucleins occurs in mu-
cous membrane cells. It is possible that all of the abovementioned factors in total directly and/or
indirectly have a stimulating effect on the processes of the malignancy of gastric mucosal cells.

The subject of special discussion was the latest literature data, according to which, under the
conditions of Helicobacter Pylori persistence in the digestive tract organs, in the gastric mucosal
cells an enhanced synthesis of putrescine occurs, high concentrations of which can have a co-
carcinogenic effect on normally functioning target cells. From a qualitatively new point of view,
the fact of cumulation in malignantly reborn cells of an aggregated gamma synuclein, which was

found during Helicobacter Pylori infection, should be considered.

Keyworps: gastric cancer, poliamines, gamma synuclein, Helicobacter Pylori.

The 45-year studies have revealed modulating ef-
fect of polyamines on reparative-proliferative pro-
cesses in the tissues of various origins in mammals.

Impaired metabolism of polyamines (putrescin,
spermidine and spermine) in epithelial and mesen-
chymal tissues is frequently observed as a provok-
ing factor which causes hyperplastic processes in
parenchymal organs as well as in organs of immu-

nogenesis. At the same time, it is a well-known
fact, that hyperplastic processes are considered to
be the risk factors both for the occurrence of ma-
lignant tumors and for the transformation of be-
nign tumors into malignant ones.

Polyamines (putrescine, spermidine and sperm-
ine) as well as y- and a-synucleins are currently the
subject of a special comprehensive study due to

CI1E THIS ARTICLE AS:

Avagyan S.A., Zilfyan A.V., Muradyan A.A., Gazaryan

H.V. (2022).Potential significance of aliphatic polyamines,

a-synucleins and Helicobacter Pylori in diagnostics and prognosis of some malignant tumors. The New Armenian
Medical Journal, 16(4): 41-53, https://doi.org/10.56936/18290825-2022.16.4-41

ADDRESS FOR CORRESPONDENCE:
Stepan A. Avagyan, PhD;

Scientific Research Center, Yerevan State Medical University after M. Heratsi

2 Koryun Street, Yerevan 0025, Armenia
E-mail: namj.ysmu@gmail.com,
Tel.: (+374 93) 58-86-97

41



Avacyan S.A. et al.

THE NEW ARMENIAN MEDICAL JOURNAL, VOI.16 (2022), 4, p. 41-53

their direct influence on the formation of neoplas-
tic processes. Many advanced scientists began
their fundamental researches at the end of the last
century [Volkov N et al., 1983; Jensen J et al.,
1987; Moulinoux I, 1989 a, b; Sarhan S et al.,
1989; Quemener V, 1990; Seiler N et al., 1990]
having their considerable input in studying the role
of polyamines in the pathogenesis of malignant
neoplasms. Thus, it was found out that in increased
cell proliferation under normal conditions, and es-
pecially in malignantly regenerated cells, rather
high concentrations of polyamines are determined
in their cytoplasm [Janne J et al., 1978; Volkov N
et al., 1983; Moulinoux I, 1989b; Sarhan S et al.,
1989]. Introduction of polyamines to cell culture
medium, where proliferation processes were previ-
ously inhibited, markedly restored their mitotic ac-
tivity. In this regard, in our opinion, the study of
Sarhan S. and co-authors (1989), where poly-
amines from “exogenous” medium are shown to
accumulate exclusively in tumor cells, deserves
special attention. Equally informative research
carried out by Seiler N. and co-authors (1990) re-
vealed that feeding laboratory animals with food
deprived of polyamines as well as introducing in-
hibitors of polyamine biosynthesis into food, sig-
nificantly inhibits proliferative processes in malig-
nant neoplasms induced in rats.

Particular attention should be paid to the fact
that both red blood cells in patients suffering from
various malignant diseases and the red blood cells
of laboratory animals with induced neoplastic pro-
cess are characterized by significantly elevated
polyamine levels [Moulinoux | et al., 1984 a,b;
1987]. The presence of noticeably significant high

] concentrations of polyamines in
the cytoplasm of erythrocytes has
currently no clear explanation, es-
pecially since mammalian eryth-
rocytes lack ultrastructure respon-
sible for synthetic processes. In
our opinion, the assumption of
Moulinoux 1.P. and colleagues
(1984 a, b) is of particular inter-
est, according to which red blood

To overcome it

is possible, due to the

uniting the knowledge and

will of all doctors in the world

cells characterize the polyamine levels which are
released by cancer cells. Meanwhile, Quemener V.
(1990) put forward another hypothesis, according
to which erythrocytes can act as a “polyamine re-
serve” for cancer cells in mammals.

The fact that high polyamine content is found
not only in cancer cells, but in erythrocytes either
suggests broad prospects for both the early diagno-
sis and prognosis of malignant diseases by study-
ing polyamines in the erythrocytes of patients’
blood, since there is a direct correlation between
high concentrations of polyamines in cancer cells
and red blood cells.

Malignant neoplasms still have the highest rates
in morbidity and mortality worldwide. Every year,
millions of new cancer cases are recorded all over
the world, with the most common being breast can-
cer, prostate cancer, colorectal cancer, lung cancer,
malignant neoplasms of the reproductive organs,
etc. According to the summary data of recent years,
presented in a review article by Wallace H.M.
(2009), the treatment effectiveness of malignant
diseases varies significantly, depending on the type
of tumor. Thus, with a five-year survival rate for
breast cancer, the rate of successful therapy is 80-
90%, it makes up 45-55% for colorectal cancer, but
is much lower for lung cancer, constituting 5-15%.

As we have indicated above, the new highly in-
formative data appear periodically, indicating the
important role of polyamines in the pathogenesis
of many malignant diseases. In this regard, certain
amendments, concerning the peculiarities of poly-
amine metabolism and their cumulation in malig-
nantly reborn cells, are accordingly made to the
general treatment scheme of oncological diseases
(often in the form of “protocols”). Wallace H.M.
(2009) who is one of the polyamine theory found-
ers, therein considers four fundamental criteria
that should be taken into account when studying
various aspects related to the role of polyamines in
the induction of cancer: 1. Polyamines are essen-
tial for cell growth; 2. The concentration of poly-
amines increases significantly in malignantly re-
born cells; 3. Ornithine decarboxylase should be
considered an oncogene (co-oncogene); 4. Inter-
ventions, associated with the inhibition of poly-
amine synthesis prevent the cancer cell growth.

It’d hardly be an exaggeration to say that all the
attempts to find new means of symptomatic and
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pathogenetic therapy of malignant neoplasms, related
to the polyamine metabolism disruption, are based on
the tenets mentioned in the paragraphs above.

Polyamine content in malignant human cells is
several times higher than in the parent normal
cells. In this respect, indicators that are presented
in the studies of Kingsnorth A. N. and co-authors
(1984 a, b) appear to be very demonstrative. Breast
cancer cells thus contain 4-6 times more poly-
amines than it is found in normal breast cells. A
similar pattern is also observed in colon cancer, in
which the content of polyamines in malignantly re-
generated cells is 3-4 times higher than in normal
colon cells. Along with the high level of poly-
amines in cancer cells, the activity of ornithine de-
carboxylase, the fundamental enzyme which con-
verts ornithine to putrescine, also increases. High
levels of polyamines (putrescine, spermidine and
spermine) and high supported liquid membrane ac-
tivity are observed in certain hyperplastic pro-
cesses, benign and malignant tumors localized in
the organs of the gastrointestinal tract and repro-
ductive system [Luk D, Baylin S, 1983; Garewal H
et al., 1988; Verma A, 1990; Fernandez C et al.,
1995; Jeon J et al., 2003; Bassiri H et al., 2015].

Thera is a considerable amount of information
about the role of aliphatic polyamines in the induc-
tion of papilloma in numerous internal organs and
tissues. A number of papillomas are determined to
be of viral origin. The aspects associated with sub-
tle enzymatic mechanisms which ensure the inclu-
sion of polyamines in normal and hyperplastic
cells and the interaction of the same enzymatic
processes with the human papilloma virus 18 types
(HPV 18) are discussed in a highly informative
study of a number of authors [Jeon J et al., 2003].
The studies have been conducted in vitro and in
vivo. The target of enzymatic research was to the
study of transglutaminase 2 (T Gas 2) i.e. one of
enzyme families which “catalyzes protein modifi-
cation by means of polyamine introduction into
substrates and the formation of protein crosslinks”.
Transaminase 2 has been found to interact with on-
coprotein E7 of HPV 18. At the same time, accord-
ing to the authors, the capability of this enzyme to
inactivate another HPV16E7 type of human papil-
lomavirus indicates the high prevalence of HPV16
in cervical cancer.

There are also some researches of a consider-

able interest, aimed to study aliphatic polyamines
as risk factors in inducing cervical cancer associ-
ated with sexual behavior. Thus, Fletcher S. and
co-authors (1991) studied the effect of aliphatic
polyamines, identified in seminal fluid, upon the
cell cycle as well as ploidy of cervical cells and
“primary” epithelial cells, cultured from cervical
biopsy samples. The cell growth processes were
not impaired, however, in a number of samples,
signs of hypodiploidy or hyperdiploidy were ob-
served, depending on the concentration of sperm-
ine and spermidine in the seminal fluid. The au-
thors believe that there is an interaction between
polyamines of seminal fluid and the DNA of uter-
ine mucous cells, which leads to the ploidy
changes, which is often fraught with the develop-
ment of dysplasia. Clinicians and first of all on-
cologists and sexopathologists should pay special
attention to the fact that the pathogenesis of cervi-
cal cancer is conditioned not only by the persis-
tence of the human papilloma virus in situ. It is a
known fact that seminal fluid is relatively rich in
putrescine, spermidine and spermine. A number of
authors [Fernandez C et al., 1995] attempted to
identify the role of seminal fluid polyamines as co-
factors in the development of cervical cancer. The
researches of many authors are based on the well-
known fact, that aliphatic polyamines (putrescine,
spermidine and spermine) undergo oxidation by
polyamine oxidase and diamine oxidase, with the
formation of oxygen radicals, hydrogen peroxide
and reactive aldehydes, which apparently can
cause cytotoxic, mutagenic and immunosuppres-
sive in situ effects on the cervical mucosa. Accord-
ing to the results, the authors came to a quite rea-
sonable conclusion that high levels of polyamine
oxidase and diamine oxidase in the cervical mu-
cosa should be considered as increased risk factor
for cervical cancer, especially in cases with high
concentrations of putrescine spermidine and
spermine detected in the seminal fluid. At the same
time, some authors are quite right to assume that
“papilloma-virus infection might synergize the ef-
fects of polyamine oxidation, suppressing apopto-
sis in uterine mucosa cells, carrying potentially
oncogenic mutations, which leads to the survival
and proliferation of transformed cervical cells”, in
other words, resulting in their malignancy.

Some aspects concerning the role of aliphatic
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polyamines in the origin of papilloma are also pre-
sented in the studies [Koza R et al., 1991]. Under
the conditions of experiment, the authors induced
epidermal papilloma in mice DM-1 by a single di-
methylbenzanthracene application. It was found,
that simultaneously with an increase in the activity
of ornithine decarboxylase, the levels of putrescine
and spermidine in the same neoplastic tissue
sharply increase in papilloma (compared with the
control indicators). As the authors note, despite the
fact that the epidermis normally contains a large
amount of ornithine, the level of the latter in the
reborn epidermis with papilloma, exceeds the orig-
inal by 70 times. According to the authors, under
the conditions of the papilloma development, con-
trol over local processes ensuring the biosynthesis
of specific polyamines is lost, as a result of which
the processes of proliferation and differentiation of
epithelial tissue are impaired. Some authors deter-
mined the polyamine content and ornithine decar-
boxylase activity in the colon mucosa with adeno-
matous polyps and without in situ hyperplastic
process development [McCarrity T et al., 1990]. In
biopsy specimens, obtained by colonoscopy with
the presence of adenomatous polyps in the mucosa,
the content of putrescine increased markedly and
at the same time high ornithine decarboxylase ac-
tivity was determined (compared to the control
group). Approximately the same indicators were
determined in the rectum mucosa in both groups.
The authors believe that in situ detection of ali-
phatic polyamine (putrescine, spermidine and
spermine) levels and ornithine decarboxylase ac-
tivity i.e. in biopsy specimens of the mucous mem-
brane of the rectum should be considered as infor-
mative criteria to determine the course of adeno-
matous polyps of the mucous colon and their ma-
lignancy risk degree. A number of researchers
[Mitchell M et al., 1997] determined the levels of
polyamines and ornithine decarboxylase activity
in the cervix with its specific areas as a choice for
biopsy: in the mucosa, subject to intraepithelial
neoplasia and adjacent regions where epithelial
cell structure was relatively preserved, i.e. did not
morphologically differ from that characteristic of
normal mucosa. It was found that indicators of the
polyamine levels - putrescine, spermidine and
spermine and the activity of ornithine decarboxyl-
ase in the regions of epithelial neoplasia were

much higher than in adjacent areas, in which epi-
thelial cell structure was preserved. Kim Y.T. and
co-authors (2005) presented some data on diagnos-
tic significance of polyamines, particularly in pre-
dicting the risk of metastases to the lymph nodes in
squamous cell carcinoma of the cervix. There are
informative data on the role of aliphatic poly-
amines and ornithine decarboxylase in the induc-
tion of benign and malignant tumors of the pan-
creas [Dunzendrofer U, Russel D, 1978; Feuer E et
al., 1999; Simoneau A et al., 2001]. In pancreatic
cancer the level of aliphatic polyamines — putres-
cine, spermidine and spermine in the pancreas is
undoubtedly very high. Moreover, it is known that
ornithine decarboxylase is overexpressed in pros-
tate tissue [Simoneau A et al., 2001]. It is notewor-
thy that even in benign prostate diseases, the ali-
phatic polyamine content and the activity of orni-
thine decarboxylase are much higher than in be-
nign tumors localized in other organs [Dunzendro-
fer U, Russel D, 1978; Derens B et al., 2000].

Highly informative data on the shifts in the poly-
amine system, considered as objective criteria for the
diagnosis and prognosis of a number of malignant
tumors are presented in the researches many authors
[Lipton A et al., 1975; Rudman D et al., 1979; Gar-
nica A et al., 1982; Osswald H et al., 1986; Saydjari
Retal., 1989; Lawton F et al., 1990].

A number of authors [Lawton F et al., 1990] ex-
amined 39 patients with ovarian cancer to determine
polyamine in the urine. Of the total number of pa-
tients, 20 patients were resistant to chemotherapy. In
resistant patients, high rates of putrescine and sperm-
ine fractions were revealed in the urine. In other
cases, when the therapy was effective, high spermi-
dine levels were simultaneously determined in the
urine in addition to high levels of putrescine and
spermine. Researches by Liu R. and other authors
(2012) prove the important role putrescine might
play in paraclinical diagnostics of malignant neo-
plasms. In the plasma of healthy volunteers and pa-
tients with a number of malignant tumors, the content
of diaminopropane, putrescine, spermidine and
spermine was determined by high-performance col-
umn chromatography. As the study results showed,
rather high indices of the above-named polyamines
were determined in the plasma of patients with ma-
lignant neoplasms as compared to the values recorded
in the plasma of healthy volunteers. The authors
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came to the conclusion that observed spectrum of
polyamines should be considered as diagnostic crite-
ria in the clinical trials for malignant tumors. Uehara
N. and others (1980) came to the similar output in
determining erythrocyte levels of spermidine and
spermine in patients with malignant tumors, consid-
ering the levels of these polyamines as markers of the
activity of the pathological process. Horn Y. (1982)
investigated 190 patients with various malignant tu-
mors over a relatively long time, with strict adher-
ence to the conditions of the relevant protocols. Tak-
ing into account the active and inactive phase of the
cancer course, the levels of putrescine, spermidine
and spermine in the urine of the patients were deter-
mined. The authors concluded that the serial determi-
nation of polyamine levels in the urine might have its
clinical application for monitoring a number of onco-
logical diseases.

While studying metastatic tumors of the gastro-
intestinal tract, different levels of specific poly-
amines (putrescine, spermidine and spermine)
were found in the urine of patients, depending on
the nature and location of tumors in the abdominal
cavity and pelvic area [Lipton A et al., 1975]. As
noted by the authors, spermidine and spermine in-
dices determined in rather high concentrations
among the patients observed, turned out to be more
informative. A noteworthy fact is that shifts in the
polyamine content in the urine of the patients suf-
fering from various forms of lymphomas can serve
as additional diagnostic criteria in “Hodgkin’s” vs.
“non-Hodgkin’s” lymphomas [Thyss A et al.,,
1982]. Thus, in Hodgkin’s disease, certain patterns
of specific polyamine shift in urine were not be de-
tected. Meanwhile, these consistent patterns were
revealed in other forms of lymphomas, which
made it possible to assess the significance of the
polyamine shifts as the chemotherapy positive ef-
fect estimate. Researches carried out by Uehara N.
and others (1980) also deserve some attention. In
various oncological diseases Uehara N. et al. de-
termined the polyamine levels not in urine and
plasma, but in erythrocytes. The authors assume
that relatively high levels of spermidine and sperm-
ine in erythrocytes in patients with malignant tu-
mors (as compared with erythrocytes in the blood
of healthy volunteers) might be clinical markers of
the pathological process severity. The important
role of specific representatives of the polyamine

system in the induction of the tumor process was
pointed out in the experimental studies, carried out
by a group of authors [Russel D et al., 1974]. The
most informative and fundamental research in
terms of studying the role of polyamines in a wide
range of oncological diseases was the one carried
out by a group of authors [Russel D et al., 1974,
1975; Russel D, 1977]. In all the above studies, the
key idea that stands out is that levels of polyamine
excretion in urine are considered to be cancer
monitoring criterion on the one hand, and an early
cancer detection test on the other hand. Based on
the fundamental researches in this field, the au-
thors propose a hypothesis that polyamines should
be observed as clinical indicators to monitor the
treatment of malignant tumors, herewith, spermi-
dine only can be considered a “marker of tumor
cell death” while putrescine appears to reflect the
“proliferative behavior” or “growth fraction” of a
tumor [Russel D et al., 1975]. There is also a dia-
metrically opposite opinion regarding the changes
in the content of polyamines in the cerebrospinal
fluid and serum, observed as diagnostic criteria for
neoplastic growth in brain structures. Fulton D.S.
and co-authors (1982) studied the polyamine con-
tent shifts in the cerebrospinal fluid of patients
with malignant tumors and in a number of neuro-
logical diseases, in which there were no signs of
neoplastic growth in the hypophysis. In a compara-
tive analysis of cerebrospinal fluid samples, sig-
nificant changes in the content of putrescine and
spermidine were not found. Approximately the
same indicators of polyamines under study were
determined in all the groups observed. The authors
conclude that shifts in the content of the studied
polyamines cannot be considered as diagnostic cri-
teria for the development and course of neoplastic
processes in the hypophysis.

The search for effective agents that suppress
polyamine synthesis in a number of oncological
diseases was aimed at inhibiting specific enzymes,
directly involved in the general cascade of reac-
tions in charge of the step-wise synthesis of spe-
cific polyamines - ornithine decarboxylase, adeno-
sylmethionine decarboxylase [Stanek | et al., 1992;
Seiler N, 2003].

Ornithine decarboxylase in mammals acts as
the only “launcher” enzyme for the formation of
putrescine from ornithine, as indicated previously.
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That is why the researches in practical oncology,
aimed to find new effective means of inhibiting the
activity of ornithine decarboxylase [Metcalf B et
al., 1978] appeared to be the most productive. Ac-
cording to Meyskens F.L. (1999) the most effec-
tive blocker of this class of drugs is the “irrevers-
ible” ornithine decarboxylase inhibitor i.e.
a-difluoromethyl-ornithine (DFMO).

Wallace H.M. (2009) notes that the twenty-year
experience in DFMO testing was a precondition
for searching and developing polyamine analogues
in oncology that should compete with endogenous
polyamines (putrescine, spermidine and spermine)
by inhibiting the activity and biosynthesis of orni-
thine decarboxylase. The studies of Boiko I. V. and
co-authors (1998) on the therapeutic efficacy of
DFMO in the “treatment” of cervical intraepithe-
lial neoplasia are, in our opinion, of considerable
interest. Boiko I. V. studied the effect of DFMO on
the expression of epidermal growth factor, which
is known to be a marker of cervical intraepithelial
neoplasia progression. As shown in the research
results, the localization of epidermal growth factor
is limited to the basal layer of the epidermis in the
normal (control) epithelium, whereas in case of
cervical intraepithelial neoplasia, the expression of
epidermal growth factor was more common and
spread to other, more superficial layers of the epi-
dermis. The DFMO application for therapeutic
purposes in cervical intraepithelial neoplasia lim-
ited significantly the distribution of epithelial re-
ceptors to the epidermal growth factor. This al-
lowed the authors to conclude that the progression
of cervical neoplasia is associated with spatial dys-
regulation of the epidermal growth factor, which
can be reversed by using DFMO. The considerable
therapeutic efficacy of DFMO was revealed in the
researches of a number of authors [Mitchell M et
al.,1998] in complex therapy of the patients with
grade Il cervical intraepithelial neoplasia. The use
of DFMO was accompanied by a decrease in sper-
midine/spermine tissue index and an increase in
the level of ornithine in the plasma of the patients
with cervical neoplasia. According to the authors,
the use of DFMO for therapeutic purposes in vari-
ous increasing doses did not cause toxic disorders
in patients with I11 severity degree of cervical neo-
plasia. The efficacy of DFMO application was also
revealed in the complex treatment of multiple ad-

enomas, which prevented significantly the risk of
colorectal neoplasia [Laukaitis C et al., 2011].
Based on previously conducted experimental and
clinical studies (including their own research), the
scientific elaboration of Bassiri H. and co-authors
(2015) on the use of specific doses of DFMO in the
neuroblastoma complex therapy in children de-
serves great attention. The noteworthy fact is that
the symptomatic and pathogenetic therapies of a
number of oncological diseases are carried out due
to the increasing use of endogenously active sub-
stances or their synthetic analogues, since it is the
endogenous biological factors that, under the con-
ditions of impaired in situ metabolism, largely de-
termine the nature and features of many oncologi-
cal diseases.

The embryonic proteoglycan EPOM developed
by a leading scientist, Honored worker of science of
Armenia, a foreign member of the Russian Acad-
emy of Sciences, professor Mkrtchyan L.N. is now-
adays widely applied in practical oncology as an
effective prophylactic factor in a number of onco-
logical diseases. There is also another approach in
which a “low polyamine diet” is recommended for
cancer patients. In his review article Wallace H.M.
(2009) notes some positive results achieved by
Moulinoux group in Rennes by using a similar diet
in hormone resistant prostate cancer [Cipolla B et
al., 2003; 2007]. This approach is believed to be
highly promising in oncology, since currently the
“low polyamine diet” has not found its proper use as
an “auxiliary symptomatic therapy” in the treatment
of malignant neoplasms. The assumption we have
put forward is highly valid, since the levels of poly-
amines in numerous food and alcohol products vary
within rather wide limits.

Along with numerous social factors, adherence
to the correct diet, balanced in nutrients containing
proteins, fats and carbohydrates is one the factors
that contribute to the high quality of life. The com-
bination of natural food products with various pre-
servatives, flavor compounds, natural ingredients
being replaced with the artificial ones, as well as
the introduction of food additives have an unfavor-
able effect on human health.

The polyamine (primarily putrescine) content
in food products most commonly used by people in
many countries around the world has not been the
subject of a special study so far. Consequently, we
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consider it appropriate to introduce a table of pu-
trescine content in some food products (Table)
based on generalized results found by researchers
from different countries, which are summarized in
a highly informative report [Ali M et al., 2011].

As seen in the table, the content of putrescine in
various food products is far from being equivalent.
Among vegetables and greens, thus relatively high
indices of putrescine were recorded in sauerkraut,
fried potatoes, green pepper; among fruits - in or-
anges, tangerines, lemon, and also in orange juice.
In other fruits such as cherries, bananas, kiwi and
apples, much lower (almost minimal) indicators of
putrescine were found. Very low rates of putres-
cine were detected by means of liquid chromatog-
raphy in meat products, such as ground beef, beef
liver, salami, bacon as well as in a number of do-
mestic animals, chicken, duck and turkey. While
speaking about fish products, high content of pu-
trescine was found in raw cod and the highest level
of putrescine among amphibians was found in
crab. Red and white wines have relatively low lev-
els of putrescine content.

Polyamine system studies, from the point of
food safety, should be carried out among all the
age groups, taking into account peculiarities of nu-
trient intake among rural and urban population.

The suggested scientific and methodological
approach seems to be quite reasonable, since the
“harmful” effect of a frequent (if not to say every-
day) use of large quantities of food products con-
taining high concentrations of putrescine hasn’t
been yet determined.

The fact that relatively high concentrations of
putrescine stimulate hyperplastic processes exclu-
sively in all organs and tissues of mammals (in-
cluding humans) has been found by fundamental
and applied research over the last 15-20 years. In
this regard, it is necessary to note an important
point, that tumor cells have the ability to “absorb”
polyamines, contained in the nutritional products,
as well as polyamines produced in bacteria persist-
ing in the gastrointestinal tract of higher mammals
[Kalac P, Krausova P, 2005; Ali M et al., 2011].
Moreover, there is certain information on the links
between the high level of polyamines (especially
putrescine) and the risk of malignant diseases
[Catros-Quemener V et al., 2003]. Taking into ac-
count the fact that high putrescine levels in mam-

T4BLE

The putrescine content
in various food products (mg/kg or mg/l)

Product name Put

Researchers
(publication authors)

Vegetables

Fermented cabbage

146.0 Kalas P. et al., 1999

Green pepper 54.7 Nishibori N. et al., 2006
Ketchup 52.5 Kalac P. et al., 2002
Crispy fried potatoes 40.2 Bardocz S. et al., 1995
Leek 24.5 Nishimura K. et al., 2006
Potato (cooked) 21.6 Bardocz S. et al., 1993
Celery 17.1 Nishibori N. et al., 2006
Garlic 13.1 Cipolla B.G. et al., 2007
Spinach 12.9 Kalac P. et al., 2002
Tomatoes 10.6 Okamoto A. et al., 1997

Potato (fresh) 9.7 Bardocz S. et al., 1993

Red pepper 2.3 CipollaB.G. et al., 2007
Fruits. Fruit juice
Orange 137.0 Eliassen K.A. et al., 2002
Tangerine 122.0 Eliassen K.A. et al., 2002
Orange juice 85.0 Eliassen K.A. et al., 2002
Lemon 41.0 Nishimura K.et al., 2006
Banana 15.3 Lavizzari T. et al., 2006
Raisins 10.0 Cipola B.G. et al., 2007
Apple juice 5.1 Saaid M. et al., 2009
Cherry 1.6 Nishibori N. et al., 2006
Kiwi 1.2 Cipolla B.G. et al., 2007
Apple 1.0 Bardocz S. et al., 1993
Meat products
Ground beef 8.9 Bardocz S. etal., 1993
Chicken, duck, turkey 2.9 Bardocz S. et al., 1993
Beef liver 1.0 Nishimura K. et al., 2006
Salami 0.5 CipollaB.G. et al., 2007
Beckon 0.3 Cipolla B.G. et al., 2007
Seafood
Crab 122.0 Eliassen K.A. et al., 2002
Cod (raw) 28.0 Bardocz S. et al., 1993
Crayfish 0.1 Cipollo B. G. et al., 2007
Tuna (fresh and No Veciana-Nogues M.T.
canned) etal., 1997

Milk products
0.3 Bardocz S. et al., 1995

Eggs (chicken)

Milk (cow) 0.1 Bardocz S. et al., 1993

Mayonnaise 0.1 CipollaB. G. etal., 2007

Butter No Cipollo B. G. et al., 2007
Wine

Red wine 5.1 Nishimura K. et al., 2006

White wine 3.5 Nishimura K. et al., 2006
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mals should be considered a risk factor for the in-
duction of many oncological diseases, the research
on the definition of putrescine in foods that are
periodically and strategically consumed by urban
and rural populations is, in our opinion, extremely
promising.

As a part of the problem discussed in this chap-
ter, oncologists have a broad prospect in terms of
an extraordinary, but quite reasonable, in our opin-
ion, treatment tactics i.e. subsidiary means of
“symptomatic therapy” of malignant diseases,
based on the diets with the lowest possible poly-
amine content.

o -Synuclein is the one among the synuclein
family which is most frequently expressed in tumor
cells in a wide range of oncological diseases. o
-Synuclein, also referred to as “breast carcinoma
specific gene 1-BCSGI” was originally cloned by
filtering breast cancer cells. Subsequent studies
showed that a-synuclein is not equally expressed
in different types of cancer, especially at the late
stages. It was herewith rarely expressed in healthy
tissues of the perifocal regions (non-neoplastic ad-
jacent tissues). Patients with a-synuclein-protein-
positive breast cancer are characterized by lower
survival rate as compared with patients without
signs of a-synuclein expression. In addition, recent
studies have shown that over-expression of
a-synuclein can stimulate proliferation, invasion
and metastases of malignant cells in breast cancer.

a-Synuclein can also disrupt the normal mitotic
division, leading to multinucleation and faster
growth of breast cancer cells. a- and B-Synucleins
are also expressed in some types of cancer: in 75%
cases of astrocytoma, in 38% cases of oligoden-
droglioma and 76% cases of medulloblastoma. It
was found that at least one type of synuclein is ex-
pressed in 80% of cases in ovarian cancer mean-
while the expression of all three types of synucle-
ins was simultaneously observed in 42% of cases.

Colorectal cancer is the third most common
malignant neoplasm and the third leading cause
of cancer death worldwide. Conventional meth-
ods of treatment by means of surgical invasion
and adjuvant therapy obviously result in the im-
provement in the patient’s condition and survival
increase. However, about 50% of patients die
within 5 years because of metastases or the dis-
ease relapse. In addition, tumor invasion and me-

tastases to regional lymph nodes are important
factors in the colorectal cancer prognosis deter-
mination [Fernandez C et al., 2004].

a- and B-Synuclein expression in colorectal
cancer has not been systematically studied. How-
ever, recent researches suggest that o- and
B-synucleins are expressed in colorectal cancer as
well, that also allows to consider them to be bio-
markers for the disease severity assessment.

To sum up the above-mentioned literature data,
one might be come to the following conclusion.

Firstly, the study of aliphatic polyamines (pu-
trescine, spermidine and spermine) and a-synuclein
in erythrocytes and plasma is a very promising ten-
dency in modern oncology, since it is aimed at
identifying relatively informative criteria for early
diagnosis of malignant tumors.

Secondly, indicators of polyamine levels in the
erythrocyte and plasma should obviously be con-
sidered objective criteria in the assessment of the
malignant tumor treatment effectiveness.

Thirdly, in high-precision studies such as high-
performance liquid chromatography, aliphatic
polyamines (putrescine, spermidine and spermine)
must be obligatorily observed in complex, since
each of the above-named polyamines must be
given a specific role, both in early diagnosis and
prognosis of malignant tumors.

Fourthly, a special attention should be given to
the shifts in spermidine content, since the latter
can be considered as an objective marker i.e.
“killer factor” in cancer cell destruction.

The role of polyamines and gamma synuclein in
Helicobacter Pylori infection in the gastric cancer
pathogenesis is the subject of extensive study in
modern oncology and gastroenterology.

Approximately half of the world’s population is
infected with H. pylori, and most colonized people
develop coexisting chronic inflammation [Peek R,
Blaser, 2002].

The relationship between H. pylori and gas-
tric cancer has been a subject of controversy for
years. However, several studies have now pro-
vided clear evidence that H. pylori infection sig-
nificantly increases the risk of stomach cancer
[Uemura N. et al., 2001].

Among infected people, peptic ulcer develops
in approximately 10%, gastric adenocarcinoma in
1-3%, and lymphoma associated with mucosa-as-
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sociated lymphoid tissue in 0.1% [The EUROGAST
Study Group, 1993; Stolte M, 2002; Peek R, 2006].

Eradication of H. pylori significantly reduces the
risk of gastric cancer in infected people without pre-
cancerous lesions [Wroblewski L et al., 2010].

The effect of H. pylori products on macro-
phages leads to increased regulation of the argi-
nase Il enzyme [Gobert A et al., 2002]. Helico-
bacter pylori induces macrophage apoptosis by
activation of arginase Il and the induction of orni-
thine decarboxylase, which leads to an increase in
the level of polyamines [Chaturvedi R et al., 2004].
Induction of polyamine oxidase 1 by Helicobacter
pylori causes macrophage apoptosis by hydrogen
peroxide release and mitochondrial membrane de-
polarization [Cheng Y et al., 2005]. Helicobacter
pylori-induced macrophage apoptosis requires ac-
tivation of ornithine decarboxylase by c-Myc
[Gobert A et al., 2002; Wroblewski L et al., 2010].

Some studies have found out a strong correla-
tion between the expression of SNCG in primary
tumors and distant metastases in many types of
cancer, including cancer of the esophagus, stom-
ach and large intestine [Lipton A et al., 1975].

Neuronal protein synuclein-gamma (SNCG)
expression was found out to increase in gastric
cancer, especially in metastatic tissues [Wang Y,
2014]. After analyzing the relationship between
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