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Abstract. Relevance. As medical research develops, more and more attention is being paid to the study of elemental
changes in cancer patients not only as a marker of the disease, but also as a possible complication of the disease. The aim was
to study changes in the level of essential and toxic trace elements in patients who have undergone antitumor therapy (AT) for
malignant neoplasms (MN). Materials and Methods. As part of a retrospective monocenter study, a group of 214 patients from
the Russian Field Medical and Rehabilitation Research Center aged 4 to 17 years was formed. All patients were in remission after
the completion of antitumor treatment: 107 patients with hemoblastosis and 107 with solid tumors. The age of the participants
ranged from 4.2 to 17.6 years, with an average age of 11.4 years. For a comprehensive assessment of the elemental status in
children, hair and blood serum were used, measurements were carried out by mass spectrometry after mineralization of the
samples. Results and Discussion. The results of the study of hair samples and blood serum showed that the elemental profile
of patients after AT has both similar patterns and distinctive features depending on the histological type of tumor. Conclusions.
Patients with solid tumors had a higher accumulation of toxic metals compared to samples taken from patients with tumors of
the hematopoiesis organs. Nevertheless, no serious specific changes in elemental homeostasis were observed depending on the
histological structure. The results obtained emphasize the importance of careful monitoring of homeostasis parameters to prevent
the development of complications of antitumor therapy associated with elemental homeostasis.

Keywords: trace elements, macronutrients, essential elements, toxic elements, the element status, elemental imbalance,
carcinogenesis, solid tumors, tumors of the hematopoiesis system, hair, the serum, late effects, inductively coupled plasma mass
spectrometry
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Introduction

The modern theory of carcinogenesis is attracting
more and more attention to the role of elemental changes
in the induction of tumor growth [1]. In particular,
associations of essential and toxic chemical elements
with several types of malignant neoplasms have
been identified [2]. In studies devoted to the role of
elemental changes in experimental or clinical models,
toxic elements are most associated with carcinogenic
activity [3, 4]. In addition, the imbalance of the main
elements contributes either to the metabolic restruc-
turing of proteins, providing activation or inhibition
of enzymatic reactions, affecting the permeability of
cell membranes [5, 6], or to changes in the cellular
microenvironment and immune status [7], which can
also modulate the progression of cancer. Some organic
and inorganic compounds of essential elements, such as
selenium (Se) or zinc (Zn), can affect the redox status
of cells [8, 9], provoking the formation of reactive
oxygen species (ROS), interfering with proapoptotic
signaling pathways [10], an appropriate amount of ROS
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can promote carcinogenesis and support transformation
and proliferation of tumor cells [11].

Unfortunately, antitumor therapy (AT) has limited
selectivity, and its components can cause various early
and late metabolic complications. The direct cytotoxic
effect of chemotherapeutic drugs and radiation therapy,
along with potential iron overload as a result of repeated
transfusions, can lead to adverse effects on the nerv-
ous, cardiovascular, and urinary systems. On the other
hand, nutritional deficiency and metabolic homeostasis
disorders are accompanied by clinical changes in the
form of osteoporosis, nutritional deficiency, etc. Spe-
cific disorders of the elemental composition of tissues
(Figure) are also observed in patients after AT [12, 13].

In particular, after treatment, there may be an
excessive accumulation of toxic elements that can be
considered as possible carcinogens, which directly
leads to disruption of mitochondrial function, cell
growth processes, and DNA damage [14]. It has also
been shown that changes in the concentration of
certain essential elements can affect oxidative stress
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Macronutrients

Essential trace
elements

Conditionally toxic
elements

Elemental
homeostasis

Fig. The components of elemental homeostasis (elemental portrait) of a person

and suppress or enhance proliferative processes due
to a violation of the redox balance [15]. Many ele-
ments show a correlation with oxidative stress in the
blood of cancer patients [16, 17], therefore, excessive
accumulation of individual elements affecting the
redox status of tissues can be considered as a factor
associated with oncogenesis. Based on this, the ele-
mental imbalance after AT should be considered as
a significant factor preventing or provoking cancer
recurrence. The available data indicate a possible
specificity of the elemental status in patients with
tumors of various histological origin. For example,
tumors of hematopoietic tissue differ from solid
tumors not only in the variant of cell differentia-
tion, but also in other related features: biochemical
and tissue atypism, metastatic activity, signaling
pathways, etc. [18], which can affect metabolism
in different ways, contributing to the appearance of
specific biomarkers of the disease [19]. Features of
the microenvironment associated with the activation
of matrix metalloproteinases [20], the distribution
of metals in tissues due to their participation in ion
transport [21], and their action as cofactors [22],
changing the elemental composition of the malignant
neoplasms MN bio substrate. In modern literature,
the profile of microelements and macronutrients often
appears as a possible application point for target-
ed diagnosis, treatment or prevention of MN [23],
however, it is necessary to take into account the his-
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tological affiliation of the tumor and the features of
AT in this type of neoplasm. In this study, we sought
to identify the specifics of the elemental changes
after AT, depending on the histological structure of
the tumor. Increased attention should be paid to the
detection of carcinogenic elements: cadmium (Cd),
nickel (Ni), arsenic (As), beryllium (Be), and chro-
mium (Cr), which are already known and described
in the literature [24]. The non-invasiveness and
speed of the screening method using the analysis of
chemical elements in blood serum and hair make it
very promising in oncology.

Research objectives

To compare the elemental composition of biological
substrates, such as hair and blood serum, depending
on the histological types of tumors in children and
adolescents who were in remission after completion
of antitumor therapy (AT).

Materials and methods

Ethical standards
The study was developed and conducted in accord-
ance with the requirements of the Helsinki Declaration
and its later amendments. Before being included in
the study, the informed consent of the parents of the
examined children was obtained.
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Research design

The one-cent cross-sectional retrospective study
included patients of the Russian Field Clinical Research
and Rehabilitation Center of the Dmitry Rogachev
National Medical Research Center for Pediatric He-
matology, Oncology and Immunology in 2019-2021
(Moscow, Russia), these were children and adolescents
of both sexes aged 4 to 17 years.

The study group consisted of 214 children in re-
mission of MN (malignant neoplasms), of which 107
were patients (group 1) who had completed treatment
and were in remission according to the International
Classification of Diseases version 10 (ICD) with disease
codes C 91, C 92; C 81-84 and 107 patients (Group
2) who received AT according to regarding solid tumors
with disease codes according to ICD C 22-C 76, with
the exception of tumors of the central nervous system.
The age of the children and adolescents included in the
study ranged from 4.2 to 17.6 years. The average age
was 11.4 years. The duration of MN remission ranged
from 2.6 to 8.0 years, with an average of 3.9 + 1.1 years.
The treatment of hemoblastosis included BFM, MB, and
DAL-HD protocols. Treatment of solid neoplasms was
carried out in accordance with international protocols
recommended in the clinical guidelines for the treatment
of hypertension in children by the Russian Ministry of
Health (SIOP, EURAMAOS, etc.). The structure of the
cytotoxic agents used excludes the use of the studied
chemical elements in patients included in the study.

Criteria for inclusion in the study: (I) confirmed
remission of malignant tumors in accordance with ICD
10: C 91; C 92, C 81-84, C 22-76; (II) patients under
the age of 18; (III) signed informed consent by parents of
children <14 years old and adolescents > 14 years old.

The exclusion criteria were: (I) the patient’s somatic
or psychological condition that prevents participation
in the study, (IT) eating habits (including a vegetarian
diet), (IIT) metal implants (including dental fillings
made of amalgam), (IV) surgical and traumatic diseases,
(V) acute inflammatory and infectious diseases. The
presence of any of these factors led to the exclusion of
the patient from the study.

The control group was based at the Center for Bi-
otic Medicine (Moscow, Russia). The study included
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213 children aged 4 to 17 years without a history of
cancer and other chronic somatic diseases. In addi-
tion, all participants in the control group reported that
they had not consumed drugs containing macro- and
microelements during the last year before the study.
The appropriate exclusion criteria were applied to
the participants of the control group.

Sample collection and preparation

Bio substrates were used for a comprehensive
mass spectrometry assessment: hair and blood serum.
Only the proximal sections of the strands, which are
less susceptible to exogenous contamination, were used
for the study. Sample preparation included washing
and microwave treatment procedures to remove con-
taminants. Hair samples were degreased with acetone
(Chimmed, Russia) for 10—15 minutes, washed three
times with deionized water with a concentration of
18.2 MQ-+cm (Labconco Corp., Kansas City, Missouri,
USA) and dried at 60 °C. Dry hair samples were kept
in Teflon tubes with 5 ml of concentrated (65%) nitric
acid (Sigma-Aldrich Co., St. Louis, Missouri, USA)
for 20 minutes at a temperature of 170-180 °C. Hair
samples were also acid-treated using a microwave
oven in the Berghof SpeedWave-4 DAP-40 system
(Berghof Products + Instruments GmbH, 72800 Eh-
ningen, Germany) at a frequency of 2.46 GHz with
a power of 1450 watts. Distilled deionized water
with a total volume of 15 ml was then added to the
resulting solutions. The resulting solution was used
for subsequent ICP-MS analysis.

Blood samples were taken from the ulnar vein
using Vacutest tubes (Greiner Bio-One International
AG, Austria) with blood clotting activator. The serum
was obtained by centrifugation of blood for 10 min
at 1800 rpm. The analysis was performed only on
blood serum samples, in which no signs of hemolysis
were found. All samples were diluted 1:15 with an
acidified (pH = 2.0) diluent containing (by volume)
1-butanol 1% (Merck KGaA, Darmstadt, Germany),
Triton X-100 0.1% (Sigma-Aldrich, Co., St. Louis,
Missouri, USA) and HNO3 0.07% (Sigma-Aldrich,
Co., St. Louis, Missouri, USA) in distilled deionized
water.
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ICP-MS analysis (inductively coupled plasma
mass spectrometry)

The content of macro- and microelements in hair
and blood serum, including Na, P, K, Mg, Ca, Al,
As, Be, Co, Cr, Cu, Fe, Hg, I, Mn, Ni, Pb, Se, Sn,
V, Zn, Li, Mo, Rb, T1, Cd, Bi, B were determined
using inductively coupled plasma mass spectrometry
(ICP-MS) on a NexION 300D device (PerkinElmer
Inc., Shelton, CT 06484, USA) equipped with an
ESI SC-2 DX4 autosampler (Elemental Scientific
Inc., Omaha, NE 68122, USA). The use of Dynamic
Reaction Cell (DRC) technology has eliminated most
of the polyatomic interference in the system. The
system was calibrated using a universal set of data
collection standards (PerkinElmer Inc., Shelton, CT
06484, USA), diluted with distilled deionized water
(acidified with 1% HNO3) to final concentrations
of 0.5, 5, 10 and 50 micrograms/l. 10 micrograms/l
of yttrium solution prepared from a single-element
standard of pure yttrium (Y) (PerkinElmer Inc.,
Shelton, CT 06484, USA) was used as an internal
online standard prepared on a matrix containing 8%
1-butanol (Merck KGaA, Darmstadt, Germany),
0.8% Triton X-100 (Sigma-Aldrich, Co.), 0.02%
tetramethylammonium hydroxide (Alfa-Aesar,
Ward Hill, Massachusetts 01835 USA) and 0.02%
ethylenediaminetetraacetic acid (Sigma-Aldrich,
St. Louis, Missouri, USA).

Laboratory quality control

Laboratory quality control was carried out using
a control analysis of GBW09101 certified human
hair reference material (Shanghai Institute of Nuclear
Research, Shanghai, China) and ClinCheck plasma
control (batch 129, levels 1 and 2, RECIPE Chemi-
cals + Instruments GmbH, Germany). The recovery
rates of all analyzed trace elements were in the range of
90-110%. In addition, the values obtained for all metals
and metalloids were within the limits that, according
to the estimates of the manufacturer of the reference
samples, were acceptable. The laboratory also partici-
pates in the External quality assessment system in the
field of occupational medicine and the environment
(EMAS OELM).

ONCOLOGY

Statistical analysis

The search and calculations of statistically sig-
nificant deviations in the elemental status of patients
were carried out using the Jupyter Notebook software
development environment in Python 3.9. The algorithm
was based on open source libraries: Pandas, NumPy
and Pingouin.

The nature of the data distribution was assessed
using the Shapiro-Wilk criterion. The significance
of the intergroup differences was assessed using the
nonparametric Mann-Whitney test for data with an
abnormal distribution. The boundaries of the median
(Me) and interquartile range (IQR) were also calculated
to compare the statistical significance of the observa-
tions. The difference between the values in the groups
was considered significant at p < 0.05.

Results and discussion

The trace element composition in patients with
tumors of the hematopoietic system was characterized
by a significant decrease in the content of Co, Mn, I,
Fe, Al, Ni, Pb (p-value <0.05). It is noteworthy that
an elemental imbalance with a predominantly reduced
concentration in the hair was detected significantly
more often in the cohort of patients with tumors of the
hematopoiesis system than in the group of solid tumors.

In patients with solid tumors, the spectrum of man-
ifestations of the elemental composition in the hair is
different: reduced values of Na, P, Mg at unchanged
concentrations of Ca and K. As for trace elements, the
Mn level decreased significantly (p-value < 0.05), and
the concentration of V, Cr, I, Sn, Se, Co, on the contrary,
increased (Table 1).

Blood serum, as a biochemical active substrate, is
represented by a wide variety of elements. In the sam-
ples of patients with MN of the hematopoietic system,
an increase in the content of trace elements Al, Mn, Ni,
V, T1, Cu, Zn, Fe, B, Bi and a decrease in the content of
Co, Rb, Mo (p-value <0.05) was observed. Deviations
from the control values were observed for metals of the
toxic and essential groups: increased levels of P, Al, Mn,
Ni, V, Tl, Cd, Be, Bi (p-value <0.05) and decreased
values of Co, Cr, Rb, Mo in solid tumors (Table 2).
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Hair elemental status according to the main diagnosis

Table 1

Me(Q1-Q3) Tumors

elemlrzet]:,eug/g of the hemat?poietic tissues P-value Me(Q1 ?3218637“)(1 tumors P-value Me(Q1 ‘Q(i):(;;Jg;m' group
(n=107)
Al 3,632(2,303-5,398) 0.0291 4,51(3,05-7,57) 0.524 4,202(2,839-6,882)
As 0,029(0,020-0,044) 0.846 0,029(0,018-0,041) 0.582 0,029(0,019-0,046)
Be 0,00048(0,0001-0,001) 0.146 0,0003(0,0002-0,0009) 0.161 0,00039 (0,0001-0,0007)
Co 0,0089(0,004-0,014) 0.039 0,015(0,007-0,027) 0.0102 0,0105 (0,006-0,016)
Cr 0,123(0,059-0,241) 0.553 0,835(0,469-0,90) 0.000 0,1291 (0,082-0,269)
Cu 11,007(8,69-14,47) 0.805 11,98(9,38-15,51) 0.064 10,76(8,74-13,76)
Fe 12,86(9,01-18,21) 0.0008 16,73(12,62-26,04) 0.372 17,038 (11,28-24,02)
Hg 0,089(0,03-0,15) 0.083 0,108(0,05-0,18) 0.668 0,1145(0,05-0,18)
I 0,341(0,21-0,55) 0.029 0,793(0,33-1,64) 0.004 0,4776(0,26-0,94)
Mn 0,241(0,15-0,43) 0.000 0,343(0,19-0,68) 0.041 0,4702(0,22-1,52)
Ni 0,148(0,101-0,239) 0.015 0,173(0,118-0,407) 0.959 0,173(0,132-0,282)
Pb 0,293(0,155-0,651) 0.0001 0,533(0,235-1,12) 0.325 0,566(0,268-1,33)
Se 0,4704(0,382-0,56) 0.003 0,441(0,381-0,572) 0.044 0,409(0,369-0,491)
Si 23,3(14,2-36,66) 0.152 23,13(12,99-34,86) 0.099 25,45(17,94-36,35)
Sn 0,092(0,054-0,238) 0.104 0,167(0,087-0,472) 0.030 0,1208(0,07-0,282)
\Y 0,025(0,015-0,047) 0.111 0,045(0,026-0,08) 0.000 0,021(0,013-0,035)
Zn 175,84(128,94-216,16) 0.217 179 (127-227) 0.373 189,63 (153,1-225,61)
Table 2
Serum elemental status according to the main diagnosis
Trace elements, the’:\/l l?e(r?'\l\_'t?)il-irelftirz(:ir:szfes P-value Me(Q1—QS)_SoIid tumors P-value Control group (n=213)
Hg/g (n=38) (n=38)
Al 0,0338(0,024-0,095) 0.0003 0,0336(0,027-0,036) 0.0003 0,0151(0,008-0,024)
As 0,0018(0,001-0,001) 0.98 0,0016(0,001-0,002) 0.66 0,0018(0,001-0,006)
Be 0,00004(0,000-0,00007) 0.052 0,0001 (0,00007-0,0001) 0.0000 0,00001 (0,000-0,00002)
Co 0,00069(0,0005-0,0009) 0.0000 0,00062 (0,0004-0,0008) 0.0000 0,0054(0,001-0,011)
Cr 0,0026(0,001-0,002) 0.1 0,0025(0,001-0,002) 0.01 0,0351(0,001-0,13)
Cu 1,196(1,093-1,386) 0.0002 1,079(0,99-1,24) 0.11 0,991(0,9-1,082)
Fe 2,59(1,78-3,574) 0.0000 1,69(1,44-1,845) 0.06 1,37(1,153-1,699)
Hg 0,00018(0,0001-0,0001) 0.72 0,00018 (0,0001-0,0001) 0.29 0,00018 (0,0001-0,0001)
I 0,059(0,051-0,069) 0.78 0,058(0,053-0,067) 0.47 0,05(0,052-0,066)
Mn 0,0024(0,001-0,003) 0.0000 0,0018(0,001-0,002) 0.02 0,0014(0,001-0,001)
Ni 0,0054(0,003-0,006) 0.0000 0,0051(0,003-0,006) 0.0000 0,0019(0,001-0,002)
Pb 0,0005(0,0002-0,001) 0.57 0,0004 (0,0002-0,001) 0.46 0,0005 (0,0004-0,0007)
Se 0,084(0,072-0,098) 0.57 0,091(0,073-0,099) 0.68 0,087(0,08-0,095)
Sn 0,0001(0,00006-0,0004) 0.46 0,0001 (0,00003-0,0001) 0.07 0,00017 (0,0001-0,0002)
Vv 0,0029(0,0004-0,004) 0.0000 0,00525 (0,0005-0,006) 0.0000 0,00008 (0,0000-0,0004)
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Ending table 2
Trace elements, th:A heegr%ll_t%?o?;?;?ir:szls P-value Me(Q1 _03)_80“(:' tumors P-value Control group (n=213)
ee (n=38) (n=38)

Zn 1,809(1,636-1,981) 0.0000 1,12(0,967-1,54) 0.25 1,09(1,013-1,21)

Li 0,0014(0,0009-0,001) 0.8 0,0014 (0,0008-0,002) 0.46 0,0014 (0,0009-0,001)

Mo 0,0009(0,0006-0,001) 0.0005 0,00095 (0,0007-0,001) 0.0002 0,0015(0,001-0,001)

Rb 0,169 (0,134-0,22) 0.0088 0,187(0,161-0,227) 0.03 0,251(0,191-0,35)

Tl 0,00002(0,000-0,00003) 0.03 0,00002 (0,000-0,00002) 0.003 0,00001 (0,000-0,00001)

Cd 0,00002(0,000-0,00007) 0.21 0,00008 (0,000-0,0001) 0.0066 0,00002 (0,000-0,00003)

Bi 0,00002(0,000-0,00002) 0.004 0,00001 (0,000-0,00002) 0.018 0,000006 (0,00-0,0000)

B 0,0531(0,023-0,082) 0.018 0,0202(0,011-0,037) 0.53 0,0242(0,012-0,033)

In addition, we presented a table that more clearly
shows a statistically significant change in concentration

in all three analyzed biosubstrates depending on the
histological nature of the tumor (Table 3).

Table 3
Changes of elemental status depending on substrate and tumor nature (p < 0.05)
Significant change in Tumors of the hematopoietic tissues Solid tumors
the concentration of
elements Hair Serum Hair Serum
4 Se Al, Mn, Ni, V, Tl, Cu, Zn, Fe, B, Bi V, Cr, |, Sn, Se, Co Al, Mn, Ni, V, Tl, Cd, Be, Bi
v Al, Co, Fe, I, Mn, Ni, Pb Co, Rb, Mo Mn Co, Cr, Rb, Mo

Note: signs ' and 1" denote elements with statistically significant (p < 0.05) change in concentration.

In this study, the levels of 23 trace elements in
blood serum and hair were compared in 107 patients
after chemotherapy with tumors of hematopoietic
tissues and 213 healthy individuals in the control
group, as well as in 107 patients after AT with solid
tumors and 213 healthy individuals in the control
group. The results showed that significant changes in
the concentration of trace elements were observed in
both groups of patients. Thus, in the cohort of patients
who completed treatment of hematopoietic tumors,
higher concentrations of Al, Mn, Ni, V, Tl, Cu, Zn,
Fe, B, Bi (p<0.05) in the blood serum were found,
but lower concentrations of Co, Rb, Mo (p <0.05) in
blood serum. In addition, in the same patients, a higher
content of Se (p<0.05) and a lower content of Al,
Co, Fe, I, Mn, Ni, Pb (p <0.05) were found in the
hair. In addition, patients treated for solid tumors had
higher serum levels of Al, Mn, Ni, V, Tl, Cd, Be, Bi
(p<0.05) and lower serum levels of Co, Cr, Rb, Mo
(p<0.05) However, higher levels of V, Cr, I, Sn, Se,

ONCOLOGY

Co (p<0.05) and lower levels of Mn (p < 0.05) were
found in the hair.

The results obtained confirm the presence of an
imbalance of trace elements in patients with cancer,
including in the period after the end of the sweat. The
elemental imbalance was slightly different depending on
the type of neoplasm, although the trends were similar.
The trends in the concentration of chemical elements in
the blood serum of patients in both groups partially co-
incided: an increase in the content of manganese (Mn),
aluminum (Al), vanadium (V), nickel (Ni), thallium (T1)
and a decrease in the content of magnesium (Mg), co-
balt (Co), rubidium (Rb) and molybdenum (Mo). The
concentration of Mn in hair decreased in both solid and
hematopoietic tumors; the concentration of Se increased
similarly (Table 3).

Trace elements with significant changes can be
divided into 2 categories: essential trace elements and
toxic trace elements [25]. It is known that exposure to
certain toxic elements contributes to the development of
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MN, affects the processes associated with mutagenesis
(apoptosis, proliferation, neoplastic transformation) [26],
therefore, their increased content can be considered as
a factor of unfavorable prognosis of the disease [27].

In our study of patients with tumors of the hemato-
poietic system, we observed changes in the content of
toxic elements in the levels of Al, Be, Cd, T1, Bi, and
Pb. Changes in the levels of Al, Tl, Cd, Be, and Bi in
the hair and blood serum of patients with solid tumors
were also detected.

A number of publications have shown that high
serum levels of aluminum (Al) are also characteristic
of patients with breast tumor tissue, but there is no
evidence that this is directly related to carcinogenic
effects [28]. No information was found on an increase
in Al levels in the hair and blood serum of patients with
tumors of the hematopoiesis system.

It cannot be excluded that the increase in thallium
(T1) content is a consequence of previously realized
mechanisms of carcinogenesis. Tl can carry out carcino-
genic activity by interfering with important processes,
replacing potassium, in particular, in the (Na+/K+)-AT-
Pase. However, the antitumor role of thallium salts has
been described and shown in individual cell cultures
[29]. Participation in oncogenesis is confirmed by the
effectiveness of Tl-scintigraphy for detecting malignant
tumors such as breast cancer and lymphoma [30].

It was also reported that bismuth-Bi (BisBAL NPs)
nanoparticles obtained from the bis (p-aminophenyl)
compoundlumazine can inhibit the growth of TNF
cells, and the effectiveness directly depends on the
dose used [31]. This is an important discovery because it
suggests that BisBAL nanoparticles may have potential
as a targeted therapy for breast cancer, specifically
targeting tumor cells without affecting healthy tissues.
Interestingly, our data showed a decrease in serum Bi
levels after completion of the AT. Lead (Pb) exposure
is also associated with various health risks, including
harmful effects on the nervous system, reproductive
system, and kidneys [32]. However, the relationship
between lead exposure and the development of AT is
less obvious. It should be noted that our data indicate
a low level of Pb in the hair of patients with tumors of
the hematopoiesis system.
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In addition, a group of patients with solid tumors
had elevated concentrations of cadmium (Cd) and beryl-
lium (Be), which the International Agency for Research
on Cancer (IARC) has recognized as carcinogens for
humans or animals. Numerous studies have shown that
chronic exposure to these metals is associated with the
development of solid tumors [33, 34]. This may be
due to their ability to disrupt the repair of nucleotide
fragments, which leads to genome instability [35] and
subsequent tumor growth. Notably, high levels of Cd
and Be were found only in the blood serum of patients
with solid tumors. Patients from the group of tumors
of the hematopoiesis system were characterized by the
absence of changes in the content of these toxic metals
in the blood serum.

It has been reported that significant deviations from
the norm in the content of essential elements may be the
cause of toxicity due to homeostasis disorders. Among
the essential trace elements in the group with tumors of
the hematopoietic system, changes in the levels of Se,
Mn, Ni, V, Cu, Zn, Fe, B, Co, I, Rb, Mo, as well as V,
Cr, 1, Sn, Se, Co, Mn, Ni, V, Co, Rb, Mo was found in
the group with solid tumors. The described significant
elemental imbalance in the blood serum in the group
with tumors of hematopoietic tissues largely coincides
with the data obtained by other authors.

Thus, we found similar patterns of increased serum
levels of Fe, Cu, and Ni, known from previous studies
[36, 37]. It has been found that nickel (Ni) can stimu-
late the proliferation of cancer stem cells through the
NADPH oxidase/ROS-dependent mechanism [38]. It
has also been reported that high Ni levels have been
associated with breast cancer, and this may be a risk
factor for carcinogenesis [39]. Some authors note the
predominance of epigenetic modulation in nickel car-
cinogenesis, which may include changes in histone
acetylation, methylation, ubiquitation, and changes in
DNA methylation affecting gene expression [40]. In
addition, Ni may be involved in the hypoxic signaling
pathway leading to nickel-induced carcinogenesis, since
Ni has been found to be a strong inducer of HIF-1a
protein and an activator of HIF-dependent transcription
[41], which may provide conditions for resistance to
apoptosis. Although nickel (Ni) and iron (Fe) are very
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similar and can alter each other’s metabolism [42],
the effects of Fe are more based on the regulation of
oxidative stress and subsequent carcinogenesis [43].
Excess Fe, which is a cofactor of hematopoietic cell
proliferation, can also stimulate the growth of tumor
cells [44]. Caroline L. et al. It has been shown that in
patients with acute leukemia, the level of iron in the
blood serum is increased [45].

Copper (Cu) is a trace element that plays an im-
portant role in the functioning of the cellular substrate.
Elevated serum Cu levels may increase oxidative stress
associated with the PI3K/Akt metabolic pathway, which
may be a beneficial factor for the development of on-
cogenic processes [46], and this is consistent with our
results, since serum Cu levels were elevated in patients
with hematopoietic tumors. Numerous studies have
unequivocally confirmed a significant increase in Cu
levels both in tumors and in the blood serum of cancer
patients, which is significantly higher than in healthy
people [47]. So, LiY. et al. It has been shown that an
increased level of copper in the blood serum increases
the risk of colorectal cancer, therefore, a high level
of copper in the blood serum can be considered as an
indicator of a risk factor for the development of the
disease [48].

We can also note a higher concentration of vanadi-
um (V) in the blood serum compared to the control. V
can affect many enzyme systems, such as phosphatases,
ATPases, peroxidases, ribonucleases, protein kinases,
and oxidoreductases, and a number of animal cancer
models have shown that vanadium provides protection
against all stages of carcinogenesis [49]. V promotes
cellular instability, in some cells, induces tyrosine kinase
phosphorylation and, thus, can affect oncogenesis [50].
Due to its physiological duality, V becomes toxic in
excessive amounts and probably has procancerogenic
properties [51].

Numerous studies have shown that a number of
boron (B) derivatives have proven effective in fighting
cancer [52]. Various types of compounds and structures
in B have the ability to inhibit the progression of MIN
and are associated with a decrease in the incidence of
various types of cancer. B exhibits its antitumor effects
by participating in the regulation of specific molecular
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mechanisms, such as induction of apoptosis and cell
cycle arrest [53]. However, many aspects of this effect
remain unclear. We found an increase in serum B levels
in patients with hematopoietic tumors.

In addition, in patients with solid tumors, the
concentration of chromium (Cr) in the blood serum
was lower than in patients with hematopoietic tumors.
Carcinogenesis associated with Cr(VI) is described in
the literature and includes mutational inactivation of
P53, base substitutions in A/T pairs, and double missense
mutations [54]. Cr(VI) belongs to the first group of
carcinogens. In patients with solid tumors, changes
in the Cr content were observed in the hair and blood
serum, while the Cr content in the serum decreased and
in the hair increased. Zekavat et al. It was shown that
serum Cr levels decreased after completion of combined
chemotherapy [55], which is consistent with our results.
In the same study, a decrease in the concentration of
manganese (Mn) in the blood serum was recorded. On
the other hand, Diez et al. Higher Mn levels have been
found in patients with lung cancer [56]. Our results
indicate a decrease in Mn levels in the hair, but the
level of Mn in the blood serum is increased compared
to the control group. Mn** induces apoptosis in cells and
participates in the antitumor immune response through
the cGAS-STING signaling pathway, which means it is
usually characterized by antitumor action [57].

Iodine (I) is one of the main antioxidants. Anti-
tumor, antiproliferative, and cytotoxic effects of I in
cancer have been described [58]. We found a decrease
in the level of I in the hair in the group of patients with
tumors of the hematopoiesis organs and an increase in
the level of I in the blood serum in the group of solid
tumors.

Tin (Sn) compounds also have the described anti-
tumor properties. Sn-DBPTF-1 has been reported to be
effective against cancer or oncogenic cell lines because
Sn-DBPTF-1 (dibenzylphosphinoyl dithioformate) It can
induce apoptosis and double-stranded DNA breaks [59].
It is noteworthy that we found an increased level of Sn
in the hair of patients with solid tumors.

Also pay attention to the general patterns of
decreasing levels of Co, Rb, Mo in blood serum in
patients with both solid and hematopoietic tumors.
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Cao G.H. et al. It was reported that the cobalt (Co)
content in hair and blood serum in patients with
stomach cancer was lower than in healthy people
in the control group [60]. The introduction of Mo
compounds promotes apoptosis and the formation of
reactive oxygen species, which demonstrates their
potential use for the treatment of metastatic cancer
cells [61]. The case-control study conducted by
Yetisgin F. and co-authors. Studies have shown that
Co levels were elevated in the group of patients with
myeloproliferative neoplasms [62]. Several studies
have shown that Co(II) ions are genotoxic due to the
formation of reactive oxygen species and inhibition of
DNA repair [63]. It is also worth noting the discovery
of Wang X. and co-authors. that Rb levels correlate
with a lifetime risk of cancer, which may be related
to possible involvement in the etiology of MN [64].

Special attention should be paid to the effects of
trace elements such as selenium (Se) and zinc (Zn),
since they are considered to have the maximum anti-
tumor effect among trace elements. The Zn level was
assessed as a marker for predicting the response to
perspiration. It has also been reported that zinc defi-
ciency is common in hematopoietic and solid tumors
[65]. Apparently, this relationship can be explained
by the properties of zinc to inhibit MT expression and
additionally induce an increase in ROS content [66].
Some studies show that impaired redox activity can
lead to the progression of tumor growth by affecting
signal transduction pathways that cause the expression
of anti-apoptotic genes regulating cell death [67, 68].
However, redox-active trace elements can be useful
in AT. Thus, Se-based compounds are considered as
chemotherapeutic agents that mediate the activation of
apoptosis receptors expressed on the cell surface and
the production of ROS, which leads to necrosis [69].
Increased Se levels in hair contradict the data of other
studies on decreased Se levels in patients with leukemia
and lymphoma [70].

Since our study considered the delayed effects
of AT, an increase in Se levels can be interpreted as
a violation of the elimination process. In addition,
essential trace elements may have therapeutic appli-
cations when used synergistically with AT, especially
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due to their ability to modulate the toxicity of therapy
and promote the restoration of healthy tissues [71,
72]. It is important to take this into account, since
an imbalance of essential trace elements can lead to
impaired immune function, an increased risk of side
effects of AT, and a deterioration in the quality of life
of patients [72-74].

Our study has some limitations, such as the num-
ber of participants, the lack of measurement of the
elemental profile before the start of treatment, and the
lack of follow-up after measuring the elemental status
after the start of the AT, which makes it impossible to
accurately determine whether the apparent violations
of the elemental status are caused by the disease or
treatment. Our goal was not to study the relationship
between the elemental imbalance caused by AT and
metabolic disorders associated with the tumor process.
This should be evaluated in subsequent studies.

Conclusions

Thus, we found a statistically significant difference
between the content of elements in blood serum and
hair in patients with different histological structures
of the tumor and in the control group. As clinical data
accumulate, it is advisable to take into account metabolic
changes in the levels of essential and toxic elements.

Our data indicate that neoplasms of the hemato-
poiesis system are characterized by more pronounced
changes in the composition of essential elements in hair
and blood serum, and solid tumors exhibit a more pro-
nounced accumulation of certain toxic metals compared
to tumors of the hematopoiesis system. However, no
significant or specific differences were found between
the groups. Depending on the type of tumor and treat-
ment, a more differentiated approach to nutritional
support may be required.

Further research is needed to assess the causes of
the elemental imbalance, the associated toxic effects,
and the possible role of nutritional support as supportive
therapy. It is necessary to study the long-term effects
of AT on changes in the homeostasis of trace elements
and the associated deterioration of general health, the
effects of treatment and the risk of tumor recurrence.
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AneMeHTHbI roMeocTas y ieTeil U NOAPOCTKOB NOC/ie 3aBepLUeHUs
NPOTUBOOMNYXOJIEBOM Tepanuu 3/10KayeCTBeHHbIX HOBOO6pa3oBaHU

E.B. KykoBckas®? ', T.A.JIo6aeBa>? X A®. Kapemun'

T.B. KopobeitnukoBa>* ~, A.I. Pymsannes' ~, A.B. CKanbHbIIH>*
! HayuHbIl LIeHTP MeIULIMHBI U peabunuTauuu «Pycckoe mnosie», HallmoHanbHbIN MeJULIMHCKUAN UCCIe[0BaTeNbCKUM LIEHTD
JIeTCKOM reMaTo/IOTUH, OHKOJIOTMY ¥ UMMYHojioruu uM. [Imutpus Porauesa, e. Mockga, Poccutickas ®@edepayust
2 POCCHICKHI YHUBEPCUTET JpY>KObl HAPOZIOB, 2. Mockea, Poccuiickas ®edepayus
3 MepumHckuii yauBepcuter MITMIMO-ME/]], 2. OduHyogo, Mockogckas obnacmsb, Pocculickasi @edepayus
4 ITepBbIii MOCKOBCKMI TOCY/|apCTBEHHBIM MeMLIMHCKWH yHUBepcuTeT uMeHH V.M. CeueHoBa (CeueHOBCKUI YHUBEPCHUTET),
2. Mockea, Poccutickas ®@edepayus

< lobaeva.t@yandex.ru

AnHoTapmsa. AkmyaibHocmb. I1o Mepe pa3BUTHS MeIULIMHCKUX UCCJ/IeZI0OBAHUM Bce DOJIbIlle BHUMaHUS yIesieTcst
W3YYeHHI0 3/IeMEeHTHBIX U3MeHeHUH Y OHKOJIOTMYeCKHX OOJTBHBIX He TOJIBKO Kak Mapkepa 3abos1eBaHuUs1, HO U KaK BO3MOXKHOTO
0CJI0)kKHeHus1 3abosieBaHus. Llesiblo IAHHOTO MCC/Ie/[OBAHUS SIB/ISIETCS U3yUeHHe U3MeHeHUH YPOBHS 3CCEeHI[Ua/IbHBIX U TOK-
CHMYHBIX MUKDO3JIEMEHTOB Y Mal{MeHTOB, MPOLIe/IINX POTHUBOOIyX0/eByt0 Tepanuio (IIOT) o noBozy 3/10KaueCTBEHHBIX
HoBooOpa3zoBanuii (3HO). Mamepuasb! u MemoObl. B paMKax NpoBe/ieHs1 peTPOCIIEKTUBHOTO MOHOLIEHTPOBOT'O UCC/Ie/I0BaHMUs
ObL1a chopMupoBaHo Tpymna u3 214 namyeHToB JeueOHO-peabUMUTaLMOHHOTO HAyYHOTO IieHTpa “Pycckoe mose” B Bo3pacte
oT 4 po 17 net. Bce nanueHTsl HAXOAWIMCH B COCTOSIHUM PeMUCCHUU 110C/Ie 3aBeplieHus IPOTUBOOILYX0/1eBOro jeueHus: 107
YyesioBeK — 10 MOBOAY reMo6s1acTo30B U 107 — co/muIHBIX ortyXosel. Bo3pacT yuacTHUKOB cocTaBisin oT 4,2 ao 17,6 ner,
cpennuii Bo3pact — 11,4 roga. [71s1 KOMITIIEKCHOM OLIeHKH 3/1IEMEHTHOTO CTaTyca y JieTel NCIo/b30BaHbl OMocyOCTparhl (BOIOCh
U CbIBOPOTKA KPOBH), U3MepeHUsl TPOBO/IW/IN METO/[0M MacC-CIIEKTPOMETPHH TI0C/Ie MUHepanru3auy o0pasioB. Pe3yabmambl
u obcyscoeHue. Pe3ynbTaThl MCC/Iel0BaHKs 00PA3LiOB BOJIOC U CIBOPOTKY KPOBH MTOKA3a/IM, YTO 3/IEMEHTHBIHM MPOQUIIL MaljieHToB
nocre ITOT umeeT Kak CXOAHBIE 3AaKOHOMEPHOCTH, TaK U OTJIMUUTE/IbHBIE 0COOEHHOCTH B 3aBUCUMOCTH OT T'MCTOJIOTHUECKOTO
THIA OMyX0/u. Bbigodbl. Hallu iaHHbIe MOKAa3bIBak0T, UTO Y MaLMeHTOB C COMMAHBIMU OMyX0JIsiMUA Habmoganock Hosee BEICOKOE
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HaKOT/IeHWe TOKCUYHBIX METaJUIOB M0 CPaBHEHHUIO C 00pa3LiaMy, B3SIThIMHU y TIALIUEHTOB C OMYXOJISIMHA OPraHOB KPOBETBOPEHMSI.
Tem He MeHee, cepbe3HBIX CrieL{(hueCcKUX N3MeHeHHH 371eMeHTHOrO TOMe0oCTasa B 3aBUCHMOCTY OT TMCTONIOTYeCKON CTPYKTYPhI
He Habroganock. ITomyueHHbIe pe3y/bTaThl MOAYePKUBAIOT BaKHOCTD TIIATeIEHOTO MOHUTOPHHTA TTapaMeTPOB TOMeOCTasa st
TIpeZlOTBpAllleHUsI Pa3BUTHsI OC/I0KHEHUM NIPOTHBOOITYX0/IeBOM Teparuy, CBsI3aHHbIX C 3/IeMEHTHBIM FOMEOCTa30M.

KoueBble c/10Ba: MUKpPO3/IeMEeHTbI, MaKpO3/IeMeHThbl, 3CCeHL{Ma/IbHbIe 3/IeMeHTb], TOKCUUHbIE 3/1IEMEHTbI, 3/1eMeHTHbIN
CTaTyc, 37IeMeHTHbIH AncbasaHc, KaHLleporeHes, COMMAHbBIE OITYX0JIH, OITyX0/I1 CUCTEMbI KDOBETBOPEHHS, BOJIOCH, CHIBOPOTKA,
no3gHYe 3¢ deKThl, MacC-CIIEKTPOMETPHSI C UHAYKTUBHO CBSI3aHHOM T1a3MOi

Hudopmarnus o punancupoBanuu. Pabota npodrHaHcHpoBaHa MUHHCTEPCTBOM HayKU 1 BhICLIETro 06pa3oBanHus Poccuiickoi
®denepaliii B paMKax roCyJjapCTBeHHOM TOAIeP/KKU CO3[aHUsI U Pa3BUTHS UCCIe0BaTeNbCKUX LIEHTPOB MUPOBOTO YPOBHS
«Indpooii buoaK3aliH 1 MepcoHaIM3UPOBaHHOe 3paBooxpaHeHue» Ne 075-15-2022-304.

Bknaz aBTopos. E.B. J)KykoBckasi — aHanu3 JaHHBIX, HaMvcaHye U pefakTupoBanue; T.A. JlobaeBa — yyacTrie B 3KCTIIEPUMEH-
TasbHOM paboTe, aHanM3 JaHHBIX, HaTlMCaHKe TekcTa craTbu; A.D. KapennH — yJacTve B 3KCTiepUMeHTaTbHOU paboTe, aHanu3
nanHbix; T.B. KopobeliHHKOBa — yJacTHe B 3KCIIePUMeHTaNbHOM paboTe, aHanu3 AaHHbIX; A.T. PyMsHIIEB — KypHUpOBaHHe
nipoekTa; A.B. CKa/bHBIN — aHa/IN3 JaHHBIX, HalMCaHWe 1 peJjaKTUPOBaHUe TeKCTa CTaThby. Bce aBTOpHI BHEC/IM 3HAUNTE/IBHBIN
BKJIa/| B TIOATOTOBKY PYKOTIMCH, TIPOUYUTA/IN U YTBEPIUIN OKOHUATE/TbHYH0 BEPCHUIO Nepe] myO/IuKaliuei.

HNuadopmanus 0 KOHGIUKTe HHTepecoB. ABTODHI 3asBJISIFOT 00 OTCYTCTBHUM KOH(IMKTOB UHTEPECOB. ABTOPHI IOTYUHIN
MHMCbMEHHOe COTJIacHe POZIMTesiel ¥ OTIeKYHOB JieTeld M MO/IPOCTKOB Ha MyO/IMKaLUIo pe3y/bTaToB UCC/IeJOBaHUS B TaHHON
Hay4HOU CTaTbe.

dTuueckoe yrBepxxaeHue. ViccienoBatnue 06110 pa3paboTaHo v MPOBE/IEHO B COOTBETCTBUM € 07j00peHreM KomuTeTa o 3THke
HarmoHanbHOTO MeMIIMHCKOTO UCCIIe[I0BATeIbCKOTO LIEHTPA IeTCKOM reMaTo/IOrii, OHKOJIOTUU M UMMYHOJIOTHY UM. [IMUTpUst
Porauesa (T. Mockga, Poccust) ¥ COOTBETCTBOBAJIO TpeOoBaHMsIM X e/TbCHHKCKOM JleK/1apariii U 6osiee MO3JHMX MOMPABOK K HeM.

BiarogapHoCcTH — HENPUMEHUMO.

NudopmanuoHHoe corsiacue Ha myonukanuio. [lepes BK/IOUeHHEM B UCC/IeZioBaHHe ObUIO TIOMy4eHO 100pOBONBHOE
HMH(OPMUPOBAHHOE COIVIacCHe POAUTeell WK ONleKyHOB 00C/Ie[0BaHHBIX /leTell Ha yJyacTHe B MCC/Ief0BaHMH U MyOIHUKALHIO.
ITocrynuna 17.02.2025. Ilpunsra 17.03.2025.
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