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THE ROLE OF BLOOD TRANSPORT
PROTEINS IN ADAPTATION REACTIONS
TO EXTREMELY UNCOMFORTable
CONDITIONS OF THE NORTH
AND THE ARCTIC

Introduction. The risk of adaptation 
failure is caused by stress and depletion 
of the body's functional reserves when 
exposed to adverse factors. Based on 
changes in the parameters of the hepa-
tobiliary, immune, antioxidant and lipid 
transport systems that provide adaptive 
and compensatory adjustments, an as-
sessment of the state of adaptability is 
carried out and the risks of disruption 
of physiological adaptation mechanisms 
are determined [39]. 

The influence on the human body of 
a complex of unfavorable factors in the 
northern and arctic territories is accom-
panied by a restructuring of the internal 
environment of the body and is mani-
fested by changes in the physiological 
parameters of the blood system. A shift 
in the parameters of the blood system to-
wards lower or higher values relative to 
the regional normal limits is a criterion for 
the risk of failure of adaptation, which in 
turn is caused by the tension of the im-
mune, metabolic and endocrine regulato-
ry mechanisms [9].

It has been esTableished that residents 
of the North experience a predominantly 
decrease in albumin concentration and 
a change in the content of other protein 
fractions, including α2-macroglobulin, ce-
ruplasmin, transferrin, and immunoglob-
ulins [8,41].

The purpose of this review is to inte-
grate data on the role of blood transport 
proteins in adaptation reactions to un-
comforTable and extremely uncomforT-
able conditions of the North and Arctic of 
the Russian Federation.

The role of transferrin, haptoglobin, 
immunoglobulins and lipid transport 
complexes in adaptation reactions to 
the conditions of the North and the 
Arctic. In conditions of high latitudes, the 
development of hypoxia is due to oxygen 
deficiency and rarefaction of the air. With 
the development of a hypoxic state, hy-
poxia-induced factors (HIFs) are activat-
ed. Subsequently, in response to the low 
oxygen content in the blood, the activa-
tion of HIFs increases the transcription of 
various genes that ensure adaptation to 
hypoxia at the cellular and systemic lev-
els [23,32]. 

HIF-1 controls an increase in eryth-
ropoietin levels, erythropoietic activity 
and hemoglobin synthesis. HIF-1 has 
been shown to regulate the expression of 
genes involved in iron metabolism: hap-
toglobin, transferrin, transferrin receptor 
(TfR). In addition, HIF 1 is involved in 
the regulation of metabolism and cellular 
metabolism. Thus, the regulation of HIFs 
target genes is aimed at ensuring optimal 
oxygen delivery, regulating metabolism 
and maintaining cell survival in hypoxic 
conditions [24,35]. 

Activation of erythropoiesis in the in-

habitants of the North and the Arctic, 
including due to the effect of low tem-
peratures on the body. During adaptation 
to cold, along with the intensification of 
erythropoiesis, an increase in oxygen 
consumption indicates a metabolic re-
structuring with the preferred use of lipid 
oxidation as an energy substrate. Acti-
vation of lipid metabolism causes an in-
crease in the oxygen demand of tissues 
[32].

With an increase in the intensity of 
erythropoiesis in the conditions of the 
North and the Arctic, there is a need 
for binding and transport of free iron by 
transferrin and heme iron by haptoglobin. 
An increase in the intensity of erythropoi-
esis in the inhabitants of the European 
North and the Arctic is evidenced by an 
increase in the concentration of trans-
ferrin, a membrane and free receptor for 
transferrin [9,30,37].

The main function of transferrin is the 
transport of iron and ensuring the effec-
tiveness of erythropoiesis by maintaining 
the survival, proliferation, and differenti-
ation of erythroid cells [27]. An increase 
in blood concentrations of transferrin and 
receptors for this transport protein is as-
sociated with an increase in erythrocyte 
aggregation, with a 1.5-1.7 times higher 
frequency of cell aggregation in Arctic 
residents [26].

Intensification of erythropoiesis, an in-
crease in transferrin levels occurs both in 
residents of high latitudes and highlands. 
When adapting to low oxygen levels in 
high-altitude, high-latitude conditions, ac-
tivation of HIF-1 and an increase in trans-
ferrin content is a mechanism of physi-
ological compensation for a decrease in 
the availability of Fe and O2. However, 
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upregulation of transferrin promotes in-
creased thrombosis and platelet aggre-
gation. In residents of the Himalayan 
highlands, high levels of transferrin in the 
blood cause hypercoagulation, increas-
ing the level of thrombin and factor XIIa 
while reducing antithrombin activity [22]. 
Increased thrombus formation at elevat-
ed transferrin concentrations is associat-
ed with the severity of COVID-19 disease 
and the need to sequester released iron 
when cells are damaged by the viral par-
ticle [7].

The increase in transferrin content in 
the blood is due, among other things, to 
its role in maintaining immunological re-
activity. Transferrin supports cell prolif-
eration by providing immunocompetent 
cells with the necessary amount of iron. 
Lymphocytes affected by antigen or mi-
togen express IL-2 receptors (CD25) 
and trigger the expression of transferrin 
receptor (CD71) in a certain cell cycle, 
which is a sign of lymphocyte activation 
and proliferation [9].  

The main function of haptoglobin is to 
ensure the binding of free hemoglobin 
during the destruction of red blood cells 
in the circulation. The need for hemoglo-
bin binding in the conditions of the North 
and the Arctic is due to an increase in 
damage to circulating erythrocytes as a 
result of activation of lipid peroxidation 
(POL) of erythrocyte membranes, de-
pletion of antioxidant protection, and a 
decrease in the energy supply of erythro-
cytes [14,15,32]. 

In conditions of hypoxia, activation of 
lipid peroxidation processes is accompa-
nied by disorganization and damage to 
the erythrocyte membrane. The integrity 
of the erythrocyte membrane is a mem-
brane barrier that preserves the intra-
cellular placement of hemoglobin. The 
destruction of erythrocytes in the blood-
stream (intravascular hemolysis) under 
hypoxia is accompanied by the release 
of erythrocyte ATP and hemoglobin in the 
bloodstream. Free hemoglobin under-
goes oxidative degradation to heme or 
irreversibly binds to haptoglobin [12,16].

The entry of haptoglobin into the in-
travascular space to neutralize free he-
moglobin and the rate of excretion of 
the formed haptoglobin–hemoglobin 
(Hp‒Hb) complex upon binding to the 
CD163 receptor of macrophages for sub-
sequent heme cleavage depends on the 
structure and size of molecules of hap-
toglobin phenotypes: Hp 1-1; Hp 2-1; Hp 
2-2. Thus, the size and molecular weight 
of Hp 1-1 is much smaller, which deter-
mines greater mobility when entering the 
bloodstream. Hp 1-1‒Hb complexes are 
more efficiently absorbed and removed 

than Hp 2-2‒Hb complexes. Thus, Hp 
1-1 has great antioxidant and anti-inflam-
matory properties [36].

Variation in the frequency of hapto-
globin types may determine the suscep-
tibility of population groups to certain 
diseases. For the European population, 
Hp 2-1 is most common, 2-2 is less com-
mon, and Hp 1-1 is the lowest. The Нp1 
allele has been studied most fully in the 
Russian population, which is character-
ized by a large frequency variation with a 
latitude variability of 0.17-0.51. Thus, low 
Hp1 frequencies are typical for the pop-
ulation of the circumpolar zone and the 
territory of the European North [3]. 

However, there is inconsistency in the 
data on the association of diseases with 
the type of haptoglobin. The relationship 
between the incidence of stroke in people 
with diabetes and the type of haptoglo-
bin is ambiguous [20,25]. The study by 
Eriksson M.I. did not esTableish an as-
sociation of haptoglobin type with small 
vessel disease of the brain (SVD), which 
is contrasted with data on the association 
of Hp1 type with SVD in type 1 diabetes 
mellitus [19]. The content of haptoglobin 
increases in colorectal cancer and gas-
tric cancer [13,18]. It should be noted 
that for statistically significant results of 
the relationship of diseases with the type 
of haptoglobin, it is necessary to take into 
account that patients are most often bur-
dened with several diseases [36]. 

During intravascular destruction of red 
blood cells, the formation of the Hp-Hb 
complex is aimed at preventing oxidative 
stress. Compared with systemic circu-
lation, binding of free hemoglobin in the 
central nervous system occurs to a lesser 
extent, due to low production of haptoglo-
bin by oligodendrocytes and astrocytes, 
as well as minimal CD163-mediated 
clearance of the formed Hp-Hb complex-
es by microglia. Increased levels of hap-
toglobin, Hp-Hb in the brain cause faster 
absorption of iron by the brain parenchy-
ma and macrophages with a decrease in 
the neuroinflammation cascade [45].

Damage-related proteins (DAMPs), 
including haptoglobin, capable of initi-
ating an effector immune response, are 
being considered in order to combat the 
development of cancer and autoimmune, 
neurodegenerative diseases. Haptoglo-
bin has been shown to play an important 
role in the activation of dendritic cells, 
their expression of specific markers and 
Th1-associated proinflammatory cyto-
kines. When stimulated by haptoglobin, 
the migration of dendritic cells to the 
lymph nodes and interaction with CD4+ 
and CD8+ lymphocytes leads to the acti-
vation of their effector functions [21].

In the process of adaptation to the 
conditions of the North and the Arctic, 
prolonged stress on the regulation of 
immune homeostasis leads to a change 
in the reactivity of the immune system, 
causing the risk of disruption of adaptive 
rearrangements and determining the ten-
dency to transition acute inflammatory 
processes into chronic ones [9].

To assess the effect of adverse fac-
tors, including climatogeographic ones, 
on immunological reactivity, it is infor-
mative to determine the state of cellular 
and humoral immunity by determining the 
content of subpopulations of lymphocytes 
(CD), serum immunoglobulins (IgA, IgM, 
IgG, IgE), circulating immune complexes 
(CIC) and cytokines [39]. 

Clarifying the general patterns of 
changes in human immunological reac-
tivity in the conditions of the North and 
the Arctic, determining the reserve and 
compensatory capabilities of immune ho-
meostasis in specific conditions or in con-
nection with certain factors, makes it pos-
sible to identify the risks of disruption of 
adaptive restructuring with the selection 
of the most optimal strategies to prevent 
the transition to a state of pre-disease, 
chronization of pathological processes 
and oncogenesis [33].

Thus, in Arctic conditions, when deter-
mining the subpopulations of CD10+ and 
CD71+ lymphocytes, an assessment of 
the adaptability of the immune system is 
carried out. In addition, it has been es-
Tableished that increased cell-mediated 
cytotoxicity of lymphocytes in people 
living in the Arctic territory is associated 
with a reduction in the reserve capa-
bilities of the regulation of the immune 
system with the risk of the formation of 
functional deficiency of T-lymphocytes, 
disimmunoglobulinemia, deficiency of 
phagocytic protection, causing the early 
development of environmentally depen-
dent immunodeficiency’s, tendency to 
chronic diseases [33,34]. 

The cell-mediated cytotoxic activity of 
CD8+, CD16+ lymphocytes are a reserve 
mechanism of immune defense in case 
of deficiency of mature CD3+ T-lympho-
cytes in the extremely unfavorable con-
ditions of the North and the Arctic. How-
ever, the increased cytotoxic activity of 
lymphocytes causes an increase in the 
content of tissue damage products and 
cell destruction in the circulation. After 
the cytolysis reaction by lymphocytes, 
an increase in the number of antigenic 
determinants in combination with immu-
noglobulins indirectly indicates the pres-
ence of non-metabolized cell residues 
[28,42]. 

Residents of the North and the Arctic 
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may have different variants of an immune 
imbalance in the content of immunoglob-
ulins in the blood. Negative shifts on the 
part of the immune system in adapting 
to the adverse climatic conditions of the 
North are a decrease in the blood con-
tent of T-lymphocytes (CD3+) and the 
concentration of IgA. With a deficiency 
of lymphocytes with a molecule of the 
associated signal transduction complex – 
CD3+, there is a decrease in the activity 
of the humoral response of IgG and IgA 
or a predominant predominance of IgM 
content. A decrease in IgA levels, along 
with high IgM concentrations, occurs 
when humoral immune defense factors 
are stressed, including in conditions of 
contrasting photoperiodic of the Northern 
and Arctic territories [9].

It has been shown that the depress-
ing effect on humoral immunity also oc-
curs in conditions of hypoxia in the high-
lands. Thus, in children and young men 
living near the middle Elbrus mountains 
(1850 m above sea level), a decrease in 
IgA and IgM levels was recorded with a 
return to baseline levels with long-term 
adaptation. A study of the main immunity 
indicators of permanent residents of the 
mountainous regions of the Tien Shan 
and Eastern Pamirs (2100-2600 m above 
sea level) revealed a decrease in the 
synthesis of IgA, IgM and IgG [4,40].

The functional activity of lymphocytes, 
including antibody-forming cells, is due 
to their metabolic program and energy 
supply. In hypoxia, the metabolism and 
functions of immunocompetent cells are 
inhibited. When HIF is activated under 
hypoxic conditions, the energetic repro-
gramming of B lymphocytes for glycolytic 
metabolism manifests itself in a deteri-
oration in the production of high-affinity 
IgG [29,46].

An increase in the concentration of 
immunoglobulins in the inhabitants of 
the North and the Arctic suggests their 
protective and adaptive effect. Under 
unfavorable climate conditions, the spec-
trum of antigenic structures significantly 
increases and expands, causing the ac-
tivation of antibody production. An in-
crease in the synthesis of immunoglobu-
lins is aimed at maintaining homeostasis 
of the body in changing conditions of the 
external and internal environment, pro-
viding directed transport of the substance 
or substrate that caused their formation 
and immune complexes to places of dis-
posal and clearance [9,42].

In order to provide energy for adaptive 
and compensatory reactions, metabolic 
processes are rearranged with activation 
of lipid metabolism. The assessment of 
biochemical parameters of lipid metabo-

lism (total cholesterol, triglyceride levels, 
LDL, HDL, atherogenicity coefficient) 
complements information about the adap-
tive capabilities of the body based on the 
analysis of the metabolic component of 
the functional reserves of the body. For 
people living in unfavorable conditions of 
the North and the Arctic, a change in the 
lipid transport system is characterized 
by the formation of dyslipedemia with an 
increase in the level of total cholesterol, 
triglyceride levels, LDL and a decrease 
in HDL. The occurrence of energy im-
balance and disruption of metabolic ho-
meostasis when exposed to unfavorable 
factors on the human body is a manifes-
tation of disadaptation. The indigenous 
inhabitants of the North, who adhere to 
a traditional way of life and type of diet, 
have the most favorable lipid metabolism 
profiles. Strengthening protein-lipid me-
tabolism and minimizing carbohydrate 
metabolism contributes to a high degree 
of adaptation to extreme climatic and 
geographical factors [5,6,7,17].

Shifts in lipid metabolism indicators re-
flect the mobilization of energy resourc-
es in response to the complex action of 
adverse factors. When mobilizing the 
body's reserves, a decrease in HDL lev-
els causes insufficient compensation for 
dyslipidemia [44]. Thus, residents of the 
North and the Arctic are characterized by 
a high risk of developing disorders in lipid 
metabolism, manifested by a decrease 
in the anti-atherogenic protection of the 
body.

The decrease in HDL levels is due 
to the dysfunction of lipid transport par-
ticles, which occurs during the reorgani-
zation of lipid components and changes 
in the proteome during modification or 
substitution of the main apolipoprotein A-I 
(ApoA-I). Thus, an increase in the blood 
content of acute phase proteins (serum 
amyloid A, haptoglobin, ceruplasmin, fi-
brinogen, α1-antitrypsin), components of 
the complement system (C3, C4A, C4B, 
C9) leads to a competitive substitution of 
ApoA-I in HDL.

In conditions of high latitudes, human 
adaptation to adverse conditions is an 
extremely complex process that requires 
the restructuring of the body not only to a 
complex of climatic and geographical fac-
tors, but also to the influence of industrial 
working conditions. Changes in lipid me-
tabolism indicators are informative under 
various unfavorable working conditions. 
It was found that workers of a machine–
building enterprise with an increased lev-
el of vibration and noise have increased 
levels of atherogenic lipids (total choles-
terol, LDL) and decreased levels of antia-
therogenic HDL, which is associated with 

stress of the functional state of the body. 
At an oil refinery, workers exposed to 
the chemical factor showed an increase 
in concentrations of total cholesterol, 
LDL with a lower level of HDL. When ex-
posed to electromagnetic fields of indus-
trial frequency, employees were found 
to have an increase in the level of total 
cholesterol, LDL, and atherogenic index  
[11,31,43].

The changes and information content 
of hematological, biochemical, immuno-
logical parameters are shown when the 
body is exposed to various unfavorable 
factors, including climatic and geographi-
cal factors [1,2,8,10,38,41,47].

Conclusion. So, the effect of the com-
plex of unfavorable climatic conditions of 
the northern and Arctic territories causes 
a sufficiently high voltage regulation of 
metabolic processes, creating a signifi-
cant need for transportation with the ac-
cumulation of metabolic products in the 
blood, endogenous metabolites [9].

Insufficient utilization and excretion 
of various waste products from the body 
is an unfavorable factor. The need for 
binding and transport for subsequent 
clearance is due to the accumulation of 
non-utilized components of cellular dam-
age, destruction with excessive cytotoxic 
activity of lymphocytes with an increase 
in blood concentrations of circulating im-
mune complexes.

The change in the content of the com-
ponents of the blood proteome is aimed 
at maintaining the optimal functional state 
of the body under specific conditions. The 
level of blood proteins must be consid-
ered in conjunction with immunological 
parameters to analyze the direction of 
changes in metabolism, homeostasis and 
determine the risk of adaptation failure.

In unfavorable, extremely unfavorable 
conditions of the North and the Arctic, 
there are risks of disruption of adapta-
tion against the background of impaired 
effectiveness of clearance and utilization 
mechanisms through phagocytosis. Un-
der these conditions, the need for trans-
port proteins increases, ensuring effec-
tive binding, transport and utilization of 
various waste products, including trans-
ferrin, haptoglobin, immunoglobulins and 
HDL.

Thus, the determination of blood pro-
tein content is informative in assessing 
the adaptive capabilities of the body. A 
change in the proteome displays infor-
mation about changes in the human body 
under the influence of adverse factors, 
including climatogeographic factors. The 
relationship of blood transport proteins is 
important for characterizing the state of 
the body and evaluating the intersystem, 
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intersystem relationship in the adaptation 
process.

The work was carried out within the 
framework of the program of fundamen-
tal scientific research on the Laboratory 
of regulatory mechanisms of immunity 
of the Institute of Physiology of Natural 
Adaptations of the N. Laverov Federal 
Center for Integrated Arctic Research of 
the Ural Branch of the Russian Academy 
of Sciences "Mechanisms of interaction 
of systemic and local immune reactions 
in persons working in the Arctic (Barents-
burg village arch. Svalbard, village Revda 
and Lovozero of the Murmansk region)", 
state registration No. 122011800217-9.

1. Du X. [et al.]. Alterations of human plas-
ma proteome profile on adaptation to high-al-
titude hypobaric hypoxia. J Proteome Res. 
2019; 18(5):2021-2031. doi: 10.1021/acs.jpro-
teome.8b00911

2. Kuzmina L.P. [et al.]. An assessment of 
lipid metabolism indicators in working exposed 
to electromagnetic field of industrial frequency. 
International Scientific Research Journal. 2021; 
11: 167-171.

3. Balanovskaya E.V., Balanovsky O.P. The 
Russian gene pool on the Russian plain. Moscow: 
Publishing House “Luch”, 2007. 416 p.

4. Berova O.M. Immunological aspects of the 
body's response to hypoxia in different age peri-
ods. Penza State University. University proceed-
ings. Medical sciences. 2007; 1: 83-91.

5. Buyak M.A. [et al.]. omparative analysis 
of biochemical blood parameters in residents of 
the Yamalo-Nenets Autonomous Okrug living in 
various territories. Public Health and Life Environ-
ment. 2009; 4: 17-19.

6. Darenskaya M.A. Peculiarities of metabolic 
reactions in indigenous and migrant population of 
the North and Siberia. Acta Biomedica Scientifica. 
2014;(2):97-103.

7. Shikalova I.A. [et al.]. Disorder of iron 
metabolism as a universal pathogenetic factor 
in damage to organs and systems in Covid-19.  
Russian Sklifosovsky Journal of Emergency Med-
ical Care. 2021; 10 (2): 259-267.

8. Dobrodeeva L.K., Lupachev V.V. The im-
mune status of the crew of the Northern Shipping 
Company. In: Human immunological reactivity in 
the North. Arkhangelsk: Publishing House of the 
AGMA Center, 1993: 16-21.

9. Dobrodeeva L.K., Samodova A.V., Karyak-
ina O.E. Interrelations in the immune system. 
Ekaterinburg: Publishing House Ural Branch of 
the Russian Academy of Sciences, 2014. 200 p.

10. Timasheva G.V. [et al.]. Early diagnostic 
and prognostic criteria for health disorders in 
chemical workers. Russian Clinical Laboratory 
Diagnostics. 2020;65(12): 750-756.

11. Demina I.D. [et al.]. Evaluation of the in-
fluence of production factors on lipid metabo-
lism in industrial workers. Laboratory Service. 
2012;(2):2629.

12. Chumakova S.P. [et al.]. Features of the 
physiology of erythrocytes. Hemolysis and eryp-
tosis. Russian journal of hematology and transfu-
siology. 2018; 63(4): 343-351.

13. Kovaleva O.V. [et al.]. Galectin-3, hapto-

globin and proangiogenic factors in gastric can-
cer. Molecular medicine. 2022; 20(4): 28-34.

14. Golubeva M.G. Osmotic resistance of 
erythrocytes, methods of determination and cor-
rection, value at different pathologies. Uspehi 
sovremennoj biologii. 2019; 139(5): 446-456.

15. Golubeva M.G. The role of haptoglobin in 
protecting the body from the toxic effects of extra-
cellular hemoglobin. Uspehi sovremennoj biologii. 
2023; 143(2): 114-122.

16. Gromov A.A., Kruchinina M.V., Kruchinin 
V.N. Hemostasis and lipid profile features in the 
North. Atherosclerosis. 2019; 15(3): 62-77.

17. Gyrgolkau L.A., Shcherbakova L.V., Iva-
nova M.V. Blood lipid levels and frequency of dys-
lipidemia at the native people of Chukotka. The 
Siberian scientific medical journal. 2011; 31(5): 
79-83. 

18. Mariño-Crespo Ó. [et al.]. Haptoglobin 
expression in human colorectal cancer. Histol 
Histopathol. 2019; 34(8): 953-963. doi: 10.14670/
HH-18-100.

19. Eriksson M.I. [et al.]. Haptoglobin gen-
otype and its relation to asymptomatic cerebral 
small-vessel disease in type 1 diabetes. Acta 
Diabetol. 2023; 60(6): 749-756. doi: 10.1007 /
s00592-023-02059-2.

20. Syreeni A. [et al.]. Haptoglobin genotype 
does not confer a risk of stroke in type 1 diabetes. 
Diabetes. 2022; 71(12): 2728-2738. doi: 10.2337/
db22-0327.

21. Torres A. [et al.]. Haptoglobin induces 
a specific proteomic profile and a mature-as-
sociated phenotype on primary human mono-
cyte-derived dendritic cells. Int J Mol Sci. 2022; 
23(13):6882. doi: 10.3390/ijms23136882.

22. Li M. [et al.]. Hypoxia and low temperature 
upregulate transferrin to induce hypercoagulabil-
ity at high altitude. Blood. 2022; 140 (19): 2063-
2075.

23. Zhukova A.G. [et al.]. Hypoxia-inducible 
factor (HIF): structure, function and genetic poly-
morphism. Hygiene & Sanitation. 2019; 98(7): 
723-728.

24. Mylonis I. [et al.]. Hypoxia-inducible fac-
tors and the regulation of lipid metabolism. Cells. 
2019; 8(3): 214-230. doi: 10.3390/cells8030214.

25. Edwards O. [et al.]. Influence of hapto-
globin polymorphism on stroke in sickle cell dis-
ease patients. Genes. 2022; 13(1): 144-159. doi: 
10.3390/genes13010144.

26. Dobrodeeva L.K. [et al.]. Intercellular inter-
actions in peripheral venous blood in practically 
healthy residents of high latitudes. BioMed Re-
search International. 2021; 2021: 11 p.

27. Fouquet G. [et al.] Iron-loaded transfer-
rin potentiates erythropoietin effects on eryth-
roblast proliferation and survival: a novel role 
through transferrin receptors. Experimental 
Hematology. 2021; 99: 12-20. doi: 10.1016/j.ex-
phem.2021.05.005.

28. Kabbani M.S., Sergeeva T.B., Shchegole-
va L.S. Cell-mediated cytotoxicity (phenotype of 
cd8 and cd16) in immune response. New studies. 
2021:36-43.

29. Kierans S.J., Taylor C.T. Regulation of 
glycolysis by the hypoxia-inducible factor (HIF): 
implications for cellular physiology. Journal of 
Physiology. 2021; 599(1): 23-27. doi: 10.1113/
JP280572.

30. Kim L.B. Oxygen transport during human 
adaptation to Arctic conditions and cardiorespira-
tory pathology. Novosibirsk: Science, 2015. 216 p.

31. Lebedeva E.N. [et al.]. Lipid and adipokine 
profile in oil refinery workers. Vestnik of the Oren-
burg state university. 20. 15; 9(184):92-95.

32. Nagibovich O.A. [et al.]. Mechanisms of 
hypoxia in Arctic zone of Russian FederationBul-
letin of the Russian Military Medical Academy. 
2016; 2(54): 202-205.

33. Sergeeva T.B. [et al.]. Method for assess-
ing the adaptedness of the immune system by the 
level of human lyphoproliferation in the Arctic con-
ditions: patent 2757754 Russian Federation; ap-
plication date 17.07.2020; published: 21.10.2021, 
Bulletin No. 30. 17 p.

34. Shashkova E.Yu. [et al.]. Method for 
identifying increased cell-mediated cytotox-
icity of lymphocytes in people in Arctic condi-
tions: patent 2753693 Russian Federation No. 
2020124876; application date 17.07.2020; pub-
lished 19.08.2021, Bulletin No. 23. 13 p.

35. Mingxiao L., Haiquan S. The role of hy-
poxia-inducible factor 1α in hepatic lipid metab-
olism. Journal of Molecular Medicine. 2023; 101: 
487-500.

36. Naryzny S.N., Legina O.K. Haptoglobin as 
a biomarker. Biomedical Chemistry. 2021; 67(2): 
105-118.

37. Patrakeeva V.P., Dobrodeeva L.K., Ge-
shavec N.P. Relationship of changes in hemato-
logical indicators of peripheral blood with transfer-
rin concentration and CD71+ lymphocyte count. 
Siberian Journal of Life Science and Agriculture. 
2022; 14(1): 419-434.

38. Larina I.M. [et al.]. Post-translation oxi-
dation modifications of blood plasma proteins of 
cosmonauts after a long-term flight. Part II. Hu-
man Physiology. 2021; 47(4): 91-102.

39. Rakitskii V.N., Iudina T.V., Saarkoppel L.M. 
Development of the problem of integral estimation 
of the functional state of working people. Labora-
tory Service. 2013; 3: 6-9.

40. Soburov K.A. Peculiarities of immune re-
activity of permanent residents of mountain re-
gion. Ulyanovsk Medico-biological Journal. 2011; 
4: 69-76.

41. Startseva O.N. Features of laboratory 
parameters of lipid, protein, and carbohydrate 
metabolism in visiting residents of the Far North: 
abstract for the degree of Candidate of Biological 
Sciences: 14.00.46 - clinical laboratory diagnos-
tics. St. Petersburg, 2008. 23 p.

42. Stavinskaya O.A., Dobrodeeva L.K., Pa-
trakeeva V.P. Association between blood concen-
trations of cytotoxic CD8+ cells and lymphocyte 
apoptosis in healthy humans // Human Ecology. 
2021; 9:4-10.

43. Ivanov A.A. [et al.]. The combined effect of 
industrial chemical factors and labor intensity on 
the lipid spectrum of blood in different categories 
of workers at an oil refinery. Bulletin of the Rus-
sian military medical academy. 2005;1(14):286-
289.

44. Olesova L.D. [et al.]. The frequency of lipid 
metabolism disorder among the indigenous popu-
lation of the Arctic zone of Yakutia. Yakut medical 
journal. 2018; 2: 30-34.

45. Griffiths S. [et al.]. The role of haptoglobin 
and hemopexin in the prevention of delayed ce-
rebral ischaemia after aneurysmal subarachnoid 
hemorrhage. Neurosurgical Review. 2020; 43(5): 
1273-1288. doi: 10.1007/s10143-019-01169-2.

46. Titova O.N., Kuzubova N.A., Lebedeva 
E.S. The role of the hypoxia signaling pathway in 
cellular adaptation to hypoxia. Russian medical 
inquiry. 2020; 4: 207-213.

47. Zaitseva N.V., Zemlyanova M.A. Disorders 
of serum proteomic profile in residents of area infl 
uenced by metallurgic industrial releases. Rus-
sian journal of Occupational health and industrial 
ecology. 2016; 12:1-5.

References


