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Changes in homeostatic balance of the body, primarily at the cellular-molecular level, are a relevant research object in funda-

mental and applied studies. They can be eligible indicators for predicting negative effects under exposure to chemical risk factors. 
The aim of this study was to substantiate markers of a transformed plasma proteomic profile in children. These mark-

ers should have prognostic value and an evidence-based association with combined aerogenic exposure to metal oxides 
(copper and nickel oxides used as an example). We propose an innovative methodical approach based on plasma proteomic 
profiling that includes the following: identification of identical proteins and genes encoding their expression; quantification 
of indicators within the ‘identical protein – a chemical concentration in blood’ system; prediction of negative effects as per 
indicators of homeostasis destabilization at the cellular-molecular level under chronic aerogenic exposure to chemicals. The 
proposed algorithm was tested by comparing changed proteins and peptides identified in plasma proteomic profiles of chil-
dren exposed simultaneously to nickel and copper oxides in ambient air in actual conditions and small rodents under ex-
perimental combined and isolated exposure to the analyzed chemicals in levels equal to real ones. 

Long-term aerogenic exposure simultaneously to copper and nickel oxides was established to create elevated nickel and 
copper levels in blood of exposed children substantiated as markers of exposure. They were up to 2.4 times higher against the 
same indicators in unexposed children and reference levels as well. The results of field observations were verified by elevated 
levels of the same chemicals in blood under experimental modeling of an equivalent combined exposure performed on biological 
models. APOBEC1 complement factor (the А1CF gene) was substantiated as an identical proteomic marker based on plasma 
proteomic profiling in experimental and field investigations. It has an evidence-based association with markers of exposure 
(nickel and copper simultaneously identified in blood). Lower expression of this protein under persistent combined aerogenic 
exposure to nickel and copper oxides makes it possible to predict such a negative effect as modification of low density lipopro-
teins with further induction of atherosclerotic changes in vessels, the latter being a risk factor of cardiovascular diseases. 

Keywords: proteomic markers, markers of exposure, children, biological model, the А1CF gene expression, prediction 
of negative effects. 
 

 
 Zemlyanova M.A., Zaitseva N.V., Koldibekova Yu.V., Peskova E.V., Bulatova N.I., Stepankov M.S., 2023 
Marina A. Zemlyanova – Doctor of Medical Sciences, Chief Researcher with the duties of the Head of the Department 

of Biochemical and Cytogenetic Methods of Diagnostics; Associate Professor at the Department of Microbiology and Virology 
(e-mail: zem@fcrisk.ru; tel.: +7 (342) 236-39-30; ORCID: http://orcid.org/0000-0002-8013-9613). 

Nina V. Zaitseva – Academician of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor, Scientific 
Director (e-mail: znv@fcrisk.ru; tel.: +7 (342) 237-25-34; ORCID: http://orcid.org/0000-0003-2356-1145). 

Yulia V. Koldibekova – Candidate of Biological Sciences, Senior Researcher, Head of the Laboratory for Metabolism and 
Pharmacokinetics at the Department for  Biochemical and Cytogenetic Diagnostic Techniques (e-mail: koldibekova@fcrisk.ru; 
tel.: +7 (342) 237-18-15; ORCID: http://orcid.org/0000-0002-3924-4526). 

Ekaterina V. Peskova – Junior Researcher at the Laboratory of Biochemical and Nanosensory Diagnostics of the 
Department for Biochemical and Cytogenetic Methods of Diagnostics (e-mail: peskova@fcrisk.ru; tel.: +7 (342) 237-18-15; 
ORCID: https://orcid.org/0000-0002-8050-3059). 

Natalya I. Bulatova – Researcher at the Laboratory of Biochemical and Nanosensory Diagnostics (e-mail: 1179815@mail.ru; 
tel.: +7 (342) 236-80-18; ORCID: https://orcid.org/0000-0003-3392-9097). 

Mark S. Stepankov – Junior Researcher at the Laboratory of Biochemical and Nanosensor Diagnostics (e-mail: 
stepankov@fcrisk.ru; tel.: +7 (342) 237-18-15; ORCID: https://orcid .org/0000-0002-7226-7682). 

 



M.A. Zemlyanova, N.V. Zaitseva, Yu.V. Koldibekova, E.V. Peskova, N.I. Bulatova, M.S. Stepankov 

Health Risk Analysis. 2023. no. 1 128 

It is important to investigate changes in 
homeostatic balance of the body at the ear-
liest stages in their development, primarily 
at the cellular-molecular level. This is a 
promising area in both fundamental and ap-
plied research [1]. Proteomic analysis en-
riches theoretical knowledge on cellular-
molecular mechanisms of negative effects 
thereby increasing the predictive potential 
of diagnostics when it comes down to some 
non-communicable diseases. Searching for 
informative molecular markers is a priority 
trend in fundamental research in the Rus-
sian Federation1. New knowledge on modi-
fication of etiopathogenesis of diseases 
caused by exposure to risk-inducing factors 
provides solid scientific grounds for identi-
fying conditions, causes, occurrence, pre-
vention and reduction of health risks and 
health harm [2].   

Mechanisms of negative effects can be 
modified due to interaction between chemi-
cal risk factors and some genes that modu-
late expression of certain proteins responsi-
ble for providing functional activity  
of molecular-biological processes [3]. Ho-
meostasis transforms at the cellular-
molecular level against the persisting modi-
fying effects produced by chemical factors 
and this leads to negative health outcomes 
thereby increasing a risk of a disease2. 
Analysis of genes coding for proteins that 
are influenced by chemical factors gives an 
insight into changes in biological functions 
and molecular networks occurring under 
chemical exposures. Investigation of such 
genetic-chemical interactions is a powerful 
information resource eligible for obtaining 
and developing knowledge about etiology 
and molecular mechanisms that underlie 

modification of processes associated with 
exposure to chemical risk factors [4, 5].    

Proteins have a key role in providing vi-
tal activity of cells and the body as a whole. 
So, identified qualitative and quantitative 
changes in them can be potentially informa-
tive for the earliest detection of negative ef-
fects able to induce further substantial func-
tional disorders of critical organs and  
systems.     

Therefore, at present the most promis-
ing studies focus on searching for proteomic 
markers and their combinations as potential 
molecular targets. They reflect the func-
tional state and characteristics of mecha-
nisms with etiopathogenetic motivation as a 
response to chemical exposures. Identifica-
tion of genetic-chemical interactions be-
tween expression of a protein marker and 
exposure factors makes it possible to predict 
negative health outcomes. This gave 
grounds for formulating the aim of the pre-
sent study, which continues the research cy-
cle performed by the Federal Scientific 
Center for Medical and Preventive Health 
Risk Management Technologies. The cycle 
concentrates on using ‘omic’ technologies 
for substantiating informative molecular-
cellular markers of negative effects [6, 7].  

The aim of the present study was to 
identify markers of a transformed plasma 
proteomic profile in children. These markers 
should have prognostic value and an evi-
denced association with combined aerogenic 
exposure to metal oxides (copper and nickel 
oxides used as an example) 

Materials and methods. We applied 
an innovative methodical approach to iden-
tify and substantiate molecular protein 
markers changes in which were associated 

__________________________ 
 
1 Programma fundamental'nykh nauchnykh issledovanii v Rossiiskoi Federatsii na dolgosrochnyi period (2021–2030 

gody): Rasporyazhenie Pravitel'stva Rossiiskoi Federatsii ot 31.12.2020 № 3684-r [The program of long-term fundamental 
research in the Russian Federation (2021–2030): the RF Government Order issued on December 31, 2020 No. 3684-r]. Konsul-
tantPlus. Available at: https://www.consultant.ru/document/cons_doc_LAW_373604/ (January 21, 2023) (in Russian). 

2 Drozdova Е.V., Dudchik N.V., Sychik S.I., Shevlyakov V.V. Integrated toxicity assessment of environmental factors 
and objects using alternative biological test models: methodology and technology. Minsk, Transtekhnika Belorussian Scientific 
Research Institute of Transport Publ., 2017, 216 p. (in Russian). 
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with exposure to airborne copper and 
nickel oxides. The approach included the 
following stages: 

– confirming actual aerogenic exposure 
based on identifying the relevant indicators 
within the ‘chemical levels in the air – 
chemical levels in biological media’ system; 

– comparing protein stains with statisti-
cally significantly different intensities based 
on proteomic plasma profiling and identifi-
cation of distinguished proteins; 

– identifying proteins and peptides that 
were identical as per the results of experi-
mental and field studies under combined ex-
posure to the analyzed chemicals; 

– quantifying parameters of cause-effect 
relations between identical proteins and  
peptides and chemical levels in biological 
media; 

– predicting negative health outcomes 
based on building and analyzing a biotrans-
formation molecular matrix of identical pro-
teins together with identifying their func-
tions, biological processes and expression in 
tissues. 

The suggested algorithm was tested by 
comparing changed proteins and peptides 
identified in proteomic plasma profiles of 
children under actual combined exposure to 
airborne nickel and copper oxides and small 
rodents (a biological model) under experi-
mental combined and isolated exposure 
equivalent to actual levels of the analyzed 
chemicals in the air.  

The experimental studies were per-
formed on female Wistar rats. Twenty four 
animals were divided into 4 groups, 6 rats in 
each: the test group No. 1 was exposed to 
isolated standard nickel oxide in a dose equal 
to 0.38 mg/kg; the test group No. 2 was ex-

posed to isolated copper oxide in a dose 
equal to 1.23 mg/kg; the test group No. 3 
was exposed to a combination of copper and 
nickel oxides in the aforementioned doses; 
the group No. 4 was a reference one kept un-
der the same conditions as the test groups 
but without any exposure to the analyzed 
chemicals. The animals in the experiment 
were exposed to doses of chemicals equiva-
lent to the actual chronic aerogenic exposure 
considering animals’ body weight and spe-
cies peculiarities. Blood samples were col-
lected from the rats 24 hours after the expo-
sure. Blood was taken from the sublingual 
vein in a volume of 3 cm3. 

The experiments were performed in con-
formity with the European Convention for 
the Protection of Vertebrate Animals used 
for Experimental and Other Scientific Pur-
poses (ETS No. 123)3 and the requirements 
fixed by the Ethics Committee of the Federal 
Scientific Center for Medical and Preventive 
Health Risk Management Technologies. 

Plasma proteomic profiles were identi-
fied for 45 children aged 4–7 years. Twenty-
five of them lived under long-term exposure to 
airborne nickel oxide (0.0034 mg/(kgday)) 
and copper oxide (0.0016 mg/(kgday)) and 
were included in the test group; the remain-
ing 20 children were not exposed to the ana-
lyzed chemicals (the reference group). Chil-
dren were included into the test group in 
case they had elevated ( 1.2 Rfl) cooper and 
nickel levels in blood; levels of the analyzed 
chemicals equaled minimal or reference val-
ues in blood of the children from the refer-
ence group (nickel Rfl = 0.01 mg/dm3, cop-
per Rfl = 0.9 mg/dm3)4.  

The children were examined in confor-
mity with the ethical principles stated in the 

__________________________ 
 
3 European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific 

Purposes (ETS No. 123); the edition of the СЕD Protocol No. 170 dated December 02, 2005. Strasbourg, 1986, 11 p. 
Available at: https://www.biosoil.ru/files/docs/bioethics/info/European%20Convention%20for%20the%20Protection%
20of%20Vertebrate%20Animals%20used%20for%20Experimental%20and%20Other%20Scientific%20Purposes.pdf 
(February 01, 2023). 

4 Clinical guide to laboratory tests. In: N.W. Tietz ed.; V.V. Men’shikov translation from English. Moscow, 
YuNIMED-press Publ., 2003, 960 p. (in Russian). 



M.A. Zemlyanova, N.V. Zaitseva, Yu.V. Koldibekova, E.V. Peskova, N.I. Bulatova, M.S. Stepankov 

Health Risk Analysis. 2023. no. 1 130 

Declaration of Helsinki (64th WMA General 
Assembly, 20135) provided that their legal 
representatives gave their voluntary in-
formed consent to their participation in the 
study. All the studies conformed to the re-
quirements fixed by the Ethics Committee of 
the Federal Scientific Center for Medical and 
Preventive Health Risk Management Tech-
nologies (the Meeting Report No. 1 dated 
February 04, 2021). 

Copper and nickel levels in blood were 
identified in conformity with the Methodical 
guidelines MUK 4.1.3230-146 using Agilent 
7500cx mass spectrometer (Agilent Tech-
nologies, USA).  

Analysis of plasma proteomic profile 
included sampling, two-dimensional electro-
phoresis in polyacrylamide gel7, analysis of 
two-dimensional electrophoretogram, spot-
ting out significant protein stains as per their 
intensity, mass-spectrometric analysis per-
formed with UltiMate 3000 chromatographer 
(Germany) and ABSciex 4000 QTRAP tan-
dem mass spectrometer with Nanospray 
3 ionization source (Canada). Proteins were 
identified based on the UniProt8 database 
with the selection as per Homo Sapience 
taxon and Rattus norvegicus taxon. Genes 
coding for identified proteins were estab-
lished using the HUGO Gene Nomenclature 

Committee database (HGNC)9 and The Rat 
Genome Database (RGD)10. Biological func-
tions of proteins were described using The 
Gene Ontology11; data on phylogenetics and 
functional genomics were taken from the 
PhyloGenes12; the obtained data on protein 
expression in tissues were analyzed using 
Tissue expression database13 and The Human 
Protein Atlas14. Data about probable etiopa-
thogenetic mechanisms of predicted negative 
health outcomes associated with chemical 
exposures were obtained and analyzed by 
using Comparative Toxicogenomics15 and 
DisGeNET16. 

Indicator values identified in the exposed 
children were compared with the same indica-
tors in the unexposed ones; in the animal ex-
periments, the test groups were compared 
with the reference one. Descriptive statistics 
of quantitative variables was given with the 
mean value (M) and error of mean (m). Statis-
tical significance of differences between 
compared groups was determined with the 
Mann – Whitney test (U ≤ Ucr), the levels of 
significance being p ≤ 0.05. All the data were 
statistically analyzed with Statistica 10. 

Molecular markers of negative effects 
were substantiated based on created models 
of ‘chemical levels in blood – statistically 
significant intensity of a protein stain’ relation-

__________________________ 
 
5 WMA. Declaration of Helsinki – Ethical Principles for Medical Research Involving Human Subjects, 2013. Available 

at: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-
subjects/ (February 02, 2023). 

6 Methodical guidelines MUK 4.1.3230-14. Izmerenie massovykh kontsentratsii khimicheskikh elementov v biosredakh (krov', 
mocha) metodom mass-spektrometrii s induktivno svyazannoi plazmoi [Measurement of mass concentrations of chemical elements in 
biological media (blood, urine) with mass spectrometry with inductively coupled plasma]. Moscow, 2014, 32 p. (in Russian). 

7 PROTEAN i12 IEF System. Instruction Manual. Available at: https://www.bio-rad.com/webroot/web/pdf/lsr/literature/
10022069A.pdf (February 09, 2022); PROTEAN II xi cell. PROTEAN II xi 2-D cell. Instruction Manual. Available at: 
https://www.bio- rad.com/webroot/web/pdf/lsr/literature/M1651801.pdf (February 06, 2023); ReadyPrep 2-D starter Kit. Instruc-
tion manual. Available at: https://www.bio-rad.com/webroot/web/pdf/lsr/literature/4110009A.pdf (February 06, 2023). 

8 UniProt. Available at:  http://www.uniprot.org (February 06, 2023). 
9 The resource for approved human gene nomenclature: website. HGNC: HUGO Gene Nomenclature Committee. Avail-

able at: https://www.genenames.org/ (February 04, 2023).  
10 The Rat Genome Database (RGD). Available at: https://rgd.mcw.edu/rgdweb/homepage/ (February 06, 2023). 
11 Gene Ontology Resource. Available at: http://geneontology.org/ (February 06, 2023). 
12 PhyloGenes. Available at: http://www.phylogenes.org/tree (February 01, 2023). 
13 Tissue expression database. Available at: https://tissues.jensenlab.org/Search (February 06, 2023) 
14 The Human Protein Atlas. Available at: https://www.proteinatlas.org/ (February 06, 2023). 
15 Comparative Toxicogenomics. Available at: http://ctdbase.org/ (February 06, 2023). 
16 DisGeNET. Available at: https://www.disgenet.org/dbinfo (January 27, 2023). 
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ships. The latter were described with a multiple 
liner regression as per the formula (2): 

 0j j ij i
i

y b b x    (2) 

where yj is a dependent variable (intensity of 
the jth protein stain, int); 

xi is an independent variable, ith influenc-
ing factor (chemical level in blood, mg/dm3); 

b0j, bij are the model coefficients.  
Validity and relevance of the created 

models were compared with dispersion 
analysis using the Fisher’s F-test, determina-
tion coefficient (R2), and the Student’s t-test, 
the statistical significance being p ≤ 0.05. 

Results and discussion. Comparative 
analysis of copper and nickel levels in blood 
of the experimental animals established au-
thentic statistical differences between the 
groups. Isolated exposure to nickel created 
its levels in blood equal to 0.014 ± 0.002 
mg/dm3; this level was 0.008 ± 0.001 mg/dm3 
under combined exposure to both analyzed 
chemicals. These concentrations were 
2.9 times and 1.7 times higher accordingly 
than in the reference group (р = 0.001–0.012). 
Copper level in blood equaled 2.323 ± 
0.060 mg/dm3 under isolated exposure and  
2.006 ± 0.047 mg/dm3 under combined ex-
posure, being 1.5 times and 1.3 times higher 
accordingly than the same indicator in the 
reference group (р = 0.0001–0.002). Nickel 

and copper levels in blood were 1.2 times 
and 1.8 times higher accordingly under iso-
lated exposure than under combined one  
(р = 0.002–0.022).  

Actual simultaneous exposure to copper 
and nickel oxides created elevated blood 
levels of the analyzed chemicals in the ex-
posed children; these levels were 1.2–2.4 
times higher against the same indicators in 
the unexposed children (р = 0.032–0.033) 
and 1.2–1.3 times higher than the reference 
levels. The established and parameterized 
association of copper and nickel in blood and 
levels of these chemicals in ambient air 
(copper a0 = 0.515, a1 = 752.32; nickel  
a0 = 0.005, a1 = 145.36, р = 0.05) substanti-
ates copper and nickel levels in blood as 
relevant markers of aerogenic exposure. 

We compared the results obtained by 
densitometry of plasma proteomic profiles 
in the experimental animals under isolated 
and combined exposure to the analyzed 
chemicals. The comparison identified 8 pro-
teins identical in all the experimental 
groups (Table 1).  

We performed densitometry to study and 
compare proteins in plasma proteomic profiles 
of the exposed and unexposed children. As a 
result, we identified 20 stains with authenti-
cally different intensity and a proven associa-
tion with elevated nickel and copper levels in 
blood (Table 2). 

T a b l e  1  

Statistically significant proteins proven to be associated with experimental combined exposure  

Statistically significant proteins 
Isolated exposure Combined exposure 

No. 
copper nickel copper + nickel 

Validity of the model for 
‘chemical – intensity of a 
protein stain under com-
bined exposure’ relation-

ship  (р ≤ 0.05) 
1 2 3 4 5 

1. Telomerase protein  
component 1 - Telomerase protein 

 component 1 0.002 

2. Keratin, type II  
cytoskeletal 75 - Keratin, type II  

cytoskeletal 75 0.0001 

3. Peroxisomal 2,4-
dienoyl-CoA reductase - Peroxisomal 2,4-

dienoyl-CoA reductase 0.002 

4. Advillin - Advillin 0.019 
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E n d  o f  t h e  T a b l e  1  
 

1 2 3 4 5 

5. Cytosolic aldehyde 
 dehydrogenase 1 - Cytosolic aldehyde  

dehydrogenase 1 0.008 

6. - Elongation factor 1-γ Elongation factor 1-γ 0.001 
7. - Styrene carrier protein 2 Styrene carrier protein 2 0.002 
8. - Myosin-6 Myosin-6 0.002 
9. - Calcium-binding protein 7 Calcium-binding protein 7 0.002 

10. - Vesicular transporter 
SEC22В 

Vesicular transporter 
SEC22В 0.001 

Statistically significant proteins identified under both isolated and combined experimental exposure  
11. Hemoglobin subunit β-2 0.001 
12. Glycogen synthase, muscular 0.001 
13. CAP-GLY domain containing linker 4 0.002 
14. Vesicular transporter SEC22A 0.001 
15. Protein SDA1 homolog 0.003 
16. Transcription activator BRG1 0.001 
17. Ig kappa chain C region, allele 0.001 
18. APOBEC1 complement factor 0.006 

T a b l e  2  
The parameters of the multi-factor relationship between changes in intensity of a protein stain 

and simultaneous copper and nickel levels in blood of the exposed children   
The parameters of the ‘exposure marker (nickel and 

copper in blood) – proteomic marker (intensity of a pro-
tein stain)’ relationship No. Protein in a stain 

A change in 
intensity of a 
protein stain b0 Copper (b1) Nickel (b2) 

Determination 
coefficient (R2) 

Validity of 
differences 
(р ≤ 0.05) 

1. Sodium/hydrogen exchanger 2 Decline 5291.9 -1458 -54,723 0.24 0.013 
2. Protein 33 with a spiral coil  Decline 5245.2 -1202.9 -63,777.4 0.21 0.025 
3. Myotubularin Decline 1803 -1065.8 -39,425.8 0.23 0.016 
4. Coagulation factor V Decline 439.2 -270.6 -7449.8 0.19 0.032 

5. Ornithine decarboxylase an-
tizyme 2 Decline 1112.9 -616.7 -28,418.7 0.25 0.011 

6. RING finger protein unkempt 
homolog  Decline 2656.4 -821.9 -39,891.8 0.19 0.031 

7. Vitronectin Decline 3092.7 -1860.8 -40,674.4 0.16 0.059 
8. Centrosomal protein 290kDa Decline 2242.6 -830.3 -49,443.7 0.30 0.003 
9. Zinc finger protein 221 protein Decline 2989.8 -1496.5 -49,250.8 0.24 0.013 
10. Apolipoprotein A-I Decline 936.8 -660.6 1007.4 0.19 0.032 
11. ADAM-like, decysin 1 Decline 3739.1 -1020.1 -62,371.9 0.25 0.010 
12. Nuclear protein MDM1 Growth 1596.3 935.8 38,990 0.17 0.048 
13. APOBEC1 complement factor Decline 3581.2 -384.5 -11,137.7 0.13 0.017 

14. DNAJ homolog subfamily C 
member 3 Growth 2231.2 1747.2 63,004.9 0.24 0.013 

15. WD repeat protein 64 Growth 1014.9 768.6 44,043.7 0.22 0.019 

16. L-type beta-4 voltage-gated 
calcium channel subunit Decline 1391.3 -861.5 -22,471.4 0.25 0.010 

17. 
Leucine-rich repeats and im-
munoglobulin-0like domains, 
protein 3 

Decline 2531.7 -1032.3 -40,311.9 0.19 0.033 

18. Protein-glutamine gamma-
glutamyltransferase e Growth 394.6 -35.5 32,116.8 0.19 0.032 

19. Pyroglutamyl-peptidase 1-like 
protein Growth 1657.4 666.3 39,792.4 0.17 0.048 

20. Clathrin heavy chain 2 Decline 2605.8 -1031.1 -95,362.5 0.36 0.001 
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Figure. The spectrum of the SGPGLSGTQK peptide (APOBEC-1 complement factor)  

(SwissProt database) in a child’s plasma  

We performed comparative biotransfor-
mation analysis of phylogenetics of the identi-
fied proteins and genes coding for their ex-
pression under experimental and actual com-
bined exposure. As a result, we established 
one identical protein, APOBEC1 complement 
factor, and the orthologous A1CF gene encod-
ing it in the human body. The Figure provides 
the spectrum of the identical protein peptide. 

APOBEC1 complement factor is a vital 
component in the enzymatic complex. It modi-
fies mRNA of apolipoprotein B (ApoB), 
which is necessary for collecting low density 
lipoproteins (LDL) from lipids. In rats (Rattus 
norvegicus), APOBEC1 complement factor is 
widely spread in the liver [8], kidneys [9], in-
testines [10], thyroid gland, and the nervous 
system [11]. In the human body, this factor is 
expressed solely in GIT epithelial cells and 
small intestines [12, 13]. Several experimental 
studies have established that APOBEC-1 su-
per-expression in the liver reduces ApoB lev-
els effectively thereby regulating cholesterol 
metabolism [14]. Low A1CF gene expression 
is a reason why consumption of fats in high 
quantities is potentially hazardous for human 
health. As exogenous lipids are being ab-
sorbed, the ApoB level grows thereby induc-
ing increased synthesis of low density lipopro-
teins [15], which may lead to atherosclerotic 
changes in the vessels [14, 16]. 

We identified and estimated a multi-factor 
relationship (R2 = 0.19; b0 = 3581.2; b1 = -384.5; 

b2 = -11,137.7; р = 0.017) between a decline in 
intensity of the APOBEC-1 complement factor 
in plasma and elevated nickel and copper lev-
els as markers of exposure. This relationship is 
consistent with the results of research focusing 
on genetic-chemical interactions between the 
protein and analyzed chemicals. Exposure to 
copper and nickel has been shown to reduce 
the A1CF gene expression. This indicates the 
analyzed chemicals are able to modify mo-
lecular functions and biological processes of 
this protein [17]. Some experimental re-
search established that exposure to nickel 
caused elevated triglycerides and LDL levels 
in blood serum and this can have some nega-
tive effects on lipid metabolism as a whole 
[18]. Exposure to airborne copper can induce 
higher production of reactive oxygen species 
and oxidative stress. As a result, LDL oxida-
tive modification occurs; this induces a local 
immune response in vessel walls with subse-
quent atherosclerotic changes developing in 
them as a risk factor of cardiovascular dis-
eases [19–21]. 

Conclusion. Our research has established 
that long-term combined exposure to airborne 
copper and nickel oxides creates elevated cop-
per and nickel levels in blood of the exposed 
children. These levels are 1.2–2.4 times higher 
than the same indicators in the unexposed 
children and are also higher than the reference 
levels for these chemicals. Therefore, they are 
substantiated as marker of exposure. Results of 
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the field observations have been verified by 
1.7–2.9 times higher levels of the same chemi-
cals (against the reference group) established 
in experimental modeling of the equivalent 
combined exposure on a biological model 
(small rodents). We have substantiated  
APOBEC1 complement factor (the A1CF 
gene) as a proteomic marker identical under 
both experimental and actual exposure. It has a 
proven association with markers of exposure 
(simultaneous nickel and copper levels in 
blood). Declining expression of this protein 

under persistent exposure to airborne copper 
and nickel oxides makes it possible to predict 
developing negative health outcomes such as 
modification of low density lipoproteins with 
subsequent induction of atherosclerotic 
changes in the vessels, which are a risk factor 
of cardiovascular diseases. 
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