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Vitamin D and its influence on human immune system

This review presents modern domestic and foreign studies of vitamin D levels effect on the human immunée
system. Numerous data are presented on the participation of vitamin D in the regulation of immune
responses. In recent years, more and more attention has been paid to the problem of vitamin D deficiency“in
the body of patients with autoimmune diseases. The significance of vitamin D in immuné’regalation is
confirmed by the results of many experimental studies, clinical and epidemiological observations<that
demonstrate the relationship between low levels of the vitamin D and increased susceptibility toiwarious
infections, as well as the activity of the infectious process of viral, bacterial, and fungal etiologysgVitamin D
acts both directly and indirectly on immune cells such as B and T lymphocytesg@dendritic cells and
macrophages. The review focuses on the molecular mechanisms of activation of the immune respdnse under
the influence of vitamin D. Vitamin D exerts its effect through binding to the vitaminiP receptor (VDR),
which, in turn, together with other proteins, activates the transcription of protein{genes involyed in the body’s
immune response. In this regard, it is necessary to draw the attention of researchiers to the problem of the
daily intake of vitamin D, especially in a pandemic situation.

Keywords: vitamin D, calcitriol, vitamin D receptor (VDR),  ifinate, immunity, adaptive immunity,
autoimmune diseases.

In recent years, there has been a global trend ofideteriorationdin the health of the population, which is
associated with environmental disasters, deterioration ofyfoodyquality, an increase in viral infections, and
social instability in society. Currently, a specialplace in the development of various human pathologies is
given to VD, which is considered a multifunctional hermone'that regulates numerous processes in the human
body at the gene level [1-3].

The VD status in the human body is assessed by measuring blood levels of 25(OH)D, since its serum
concentrations are more stable and are leSsyinfluenced by hormonal mechanisms and by changes in calcium
and phosphorus levels, as compared to"I§25(OH)3Ds [4]. Most researchers agree that 25(OH) D levels below
10-12 ng/mL (25-30 nmol/L) represent clinical deficiency, which is considered a global health problem [5-7].

VD deficiency provokes thé development of diabetes mellitus (DM), cardiovascular diseases, multiple
sclerosis, and other autoimmunecWqdiseases, chronicity of infectious diseases such as tuberculosis and
periodontal disease [1, 8]; it is@ssociated with an increased risk of colorectal and bladder cancers, while for
breast, ovarian, and prostateiéancers, this association appears to be more controversial [9].

This review foeuses on the current data on the effect of VD on various parts of the immune system in
normal conditiong, asswell"as”in autoimmune diseases. The purpose of the review is to study the VD effects
on the mechanisms‘of both innate and acquired immunity.

VDgis a“Secosterol produced endogenously in the skin due to sunlight or obtained from the outside
(food; drugs),[.1-3J#In the human body, VD is hydroxylated. The first stage of hydroxylation occurs in the
livertand conyerts VD to 25-hydroxyVD (25(OH) D), also known as calcidiol. The second stage of
hydroxylationf occurs mainly in the kidneys (with the participation of the enzyme CYP27B1 —
a-hydroxylase), and its result is the synthesis of the physiologically active D-hormone, 1,25 dihydroxyVD
(1,25(0OH),D) [8]. The level of calcitriol in the blood is determined mainly by the activity of CYP27B1 in the
kidneys and the action of parathyroid hormone, it is tightly regulated by negative feedback, which is closed
by the inhibition of CYP27B1 by a high concentration of calcitriol itself and fibroblast growth factor 23.
Stimulation of the CYP24A1 enzyme also acts as a limitation in the formation of the active form of the
vitamin (24-hydroxylase), which converts calcitriol into an inactive, water-soluble form of calcitric acid,
which is subsequently excreted from the body with bile [10]. Immune cells also express CYP27B1 and are
able to convert a circulating in the 25(OH)D into 1,25(OH),;D in an autocrine and paracrine manner. It is
noteworthy that it is in immune cells such as macrophages and dendritic cells (DC), unlike kidney cells, that
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there are no negative feedback mechanisms, which makes it possible to produce very high, but local
concentrations of calcitriol for the needs of immunomodulation [11].

1,25(0OH).D; exerts most of its biological effects through the activation of the nuclear VD receptor
(VDR) transcription factor, which can lead to the activation of more than 1000 genes [12, 13]. In recent
years, scientists have scanned parts of the human genes that mediate the action of VD. These regions, called
VDRE (VD response elements), are adjacent to genes activated by the VDR protein complex [14].

Strong evidence from epidemiological data and laboratory and animal studies suggests that VD plays an
important physiological role in the normal functioning of the immune system. The evidence to date shows
that VD inhibits adaptive immunity but contributes to innate immunity. VD inhibits cell proliferation while
stimulating cell differentiation. However, the mechanisms of VD action on the immune system and its
therapeutic potential in pathology require further study. Prevention of VD deficiency helps not only to
optimize mineral metabolism, but also to reduce the risk of the formation of many chronic diseases [15].

The key to the wide-ranging effects of VD is intracellular 1-a-hydroxylase, whichispfound 1 cells
throughout the body. The exact role that VD plays in every cell is not yet clear, but res€archess are working
on possible mechanisms. There are two main effects of VD on immunity: increased immunify against
antigens and modulation of the autoimmune response. These actions of VD are achieyed through a variety of
mechanisms. Below is a basic explanation of the mechanisms as we understand themteday [16].

Liu et al. explained the mechanism of increased immunity against antigens [17].4Bley implemented a
series of experiments on human macrophages and showed that 25(OH)Dgisyconyerted intra-cellularly to
1,25(OH)2D in response to the interaction of a Toll-like receptor with a bactérial antigen. This interaction
activates the expression of 1-a-hydroxylase and cathelicidin genes. This results/in increased production of
cathelicidin, a bactericidal peptide, but only in the presence @f 25(OH)D or 1,25(OH).D. Cathelicidin is
effective against bacteria and viruses [18] such as herpes simplexql 9] and influenza [20]. They also showed
a dose-dependent effect of 25(OH)D in human serum. Serumseontaining higher levels of 25(OH)D (mean:
78 nmol/L) doubled cathelicidin gene expression comparedito seram with lower levels of 25(OH)D (mean:
22 nmol/L). This explains the use of circulating 25(OH)P fomjintracellular production of 1,25(OH).D, so the
person is not at risk of hypercalcemia due to high systemic levels of 1,25(OH),D. When this intracellular
mechanism is activated, the enzyme responsible for 1,25(OH).D catabolism is also activated, keeping the
production and catabolism of 1,25(OH).D completelygself=sufficient. This mechanism explains the role that
VD may play in other types of cells. Other ¢€ells are likely activated by a stimulus and, in the presence of
adequate 25(OH)D, express genes specifig to that cell’s function (e.g., T cells and cytokines).

VD prevents inflammation too much Bygblocking the interaction of immune cells through cytokines.
VD immune suppression has opened up niew possibilities for the therapeutic use of this substance and its
analogs for the control of autéimmune diseases, presumably associated with cytokine overproduction. VD
deficiency increases the risk of*déyelopifig autoimmune diseases. Among such diseases are type 1 diabetes
mellitus, multiple sclerosis{™ Systemi¢” lupus erythematosus, rheumatoid arthritis, chronic inflammatory
diseases of the gastrointestindl tfact. The anti-proliferative and differentiation-stimulating activity of VD
suggested a role for this hormene'in suppressing neoplastic processes (colon, breast, lung, pancreas, ovarian,
prostate cancer) [21] Censidering the aforementioned intracellular 1-a-hydroxylase, the effect of VD on
autoimmune disease oceurs through several mechanisms, each of which is specific to the cell it targets. VD
acts both direetly andhindirectly on several immune cells, including B and T lymphocytes, dendritic cells, and
macrophages. Tolymphocytes (T cells) play a central role in autoimmune diseases. When stimulated with
such antigens‘as tumor cells or viruses they produce inflammatory cytokines IFN-y, IL-2 and TNF-a. There
are twoltypes/of T-helpers: Thl and Th2. 1,25(OH).D directly suppresses proliferation of Thl cells and
decreasesthé production of their cytokines [22]. In mouse models, if VD is deficient or VDR is absent, Thl
effects are more pronounced [23, 24]. In vitro treatment with 1,25(OH).D suppresses Thl cell production
and promotes Th2 cell development [25]. The overall effect of T cells is to increase self-tolerance [26].
B lymphocytes (B cells) are also affected by VD. Cell cultures show some inhibitory effects of 1,25(OH).D
and 25(OH)D on B cell responses, including proliferation, cell differentiation, and immunoglobulin
secretion, especially IgG and IgM [27].

The effect of VD on innate immunity

The research was distributed roughly 25 years showing that 1,25(OH).D unequivocally stifles the
multiplication of the irresistible microorganism Mycobacterium tuberculosis (M. tuberculosis) in human
monocytes [28]. At that point, the physiological meaning of this was muddled. It was realized that patients
with tuberculosis (TB) regularly had an overproduction of 1,25(OH),D [29]. Be that as it may, this was not at
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first connected with the capacity of CYP27B1 monocyte movement to help intracrine killing of M.
tuberculosis. Rather, helpful organization of 1,25(OH).D or engineered non-calcemic analogs 1,25(OH).D
was relied upon to give the best channel to translational VD usage in patients with tuberculosis. Information
from Liu et al. displayed interestingly that the localized synthesis of 1,25(OH);D by monocytes is a
necessary piece of the normal innate immune function of these cells. Current works uncover in more detail
the instruments by which calcitriol improves the antimicrobial impact of macrophages and monocytes, which
are significant effector cells in the battle against microbes like M. tuberculosis.

Calcitriol builds the chemotaxis and phagocytic capacity of immune cells [11]. It should be noticed that
VD likewise actuates qualities encoding endogenous antimicrobial peptides — catalicidin and defensin-2,
which have antimicrobial action against numerous microscopic organisms, viruses and fungi [21].
Monocytes presented to M. tuberculosis show a solid acceptance of 1a-hydroxylase, or CYP27Bl, and the
VD receptor after acknowledgment of microbes by cost-like receptors, which prompts an adjustmment of
quality articulation for cathelicidin creation [17]. Notwithstanding cost-like receptor flagging, 1tawas\found
that different cytokines like interferon-y or IL-4 additionally influence the statement of" €YP27BT\[30].
Human cathelicidin (hCAP18), which is divided from IL-37 (the 37-buildup dynamic cationic peptide)and is
expanded in people in light of irresistible specialists. Its fundamental activity ig"the_destabilization of
microbial films, regarding which it has a lytic impact on microorganisms, viruses,@andsparasites [31].

In extreme diseases, the level of enrollment of granulocyte cells, for, example, neutrophils is
exceptionally high. Early discoveries recommended that neutrophils aregthejyprimary wellspring of
cathelicidin, yet current proof debates this guarantee because, although gneutrophilic granulocytes
communicate VDR, they do not seem to have CYP27B1, which keeps them from’ changing 25(OH)D into a
bioactive structure vital over to start articulation of the cathelicidin guality\[32].

Research results show that VD status directs antimicrobial froteintlevels, which might assume a basic
part in battling contamination. For instance, in cross-sectionalgiesear¢h, the degree of 25(OH)D in ill patients
with sepsis was fundamentally lower, and this is related telabatement in the grouping of the antimicrobial
protein cathelicidin [33].

It is currently realized that LL-37 is not the anain antibacterial objective for VD in monocytes. The other
antibacterial protein, B-defensin 2 (DEFB4), contains VDRE in an advertiser locale correspondingly to LL-
37 [34]. Late information has shown 1,25(OH).D -V:DRdacceptance of DEFB4 in mix with enactment of
another record factor, NF-kB. Acceptance ©f NF-kB after treatment of monocytes with cytokines, for
example, IL-1b [35] or as a result of motioning through the acknowledgment receptor of an intracellular
microbe, non-large diabetic 2 (NOD2) [36];\has been displayed to improve 1,25(OH).D-intervened
enlistment DEFB4. In addition, ¥D establishes a climate wherein monocytes kill microorganisms.
Monocytes treated with 1,25(@H);D, show an expanded degree of autophagy [37]. Autophagy and the
development of related autophagesomes®are significant as a system for the intracellular disconnection of
microorganisms and their peSulting ‘destruction by antibacterial proteins [38]. VD-intervened enlistment of
autophagosomes in monogcytes'is felated to an expanded limit with respect to intracellular obliteration of M.
tuberculosis, yet igintervenedythrough an expansion in LL37 record [39]. Ensuing investigations have shown
that steady with intteduetory investigations of LL-37 enlistment by intracrine M. tuberculosis, TLR2/1-
intervened autophagy enlistment seems to include acceptance of 25(OH)D digestion by means of CYP27B1
[40], recommendingthat this system would likewise be strong relies upon changes in VD status.

In"a new randomized controlled preliminary, VD3 supplementation of 100,000 IU month to month in
322¢solid4grown-ups did not diminish the rate of upper respiratory plot diseases [41], which might be
becausefof the/impediments of the exploration work, specifically the incorporation in the investigation of the
individualg,who had adequate blood VD level at pattern (mean 25(OH)D level 29 ng/ml). As opposed to this
review, a randomized controlled preliminary involving invigorated milk in 247 Mongolian kids with extreme
VD lack (standard mean 25(OH)D 7 ng/ml) recorded a huge decrease in the frequency of intense respiratory
contaminations more than a 3-month follow-up period [42].

Notwithstanding the immediate battle against organisms, monocytes and other antigen-introducing cells
(APCs) of natural resistance, specifically dendritic cells (DC), are significant focuses of the
immunomodulatory activity of VD. APCs are answerable for starting a versatile insusceptible reaction by
introducing antigens to T-and B-lymphocytes. They are additionally ready to adjust the resistant reaction by
sending either an immunogenic or a tolerogenic signal utilizing cytokines and the statement of costimulatory
atoms [43]. The consequences of different investigations have shown that calcitriol and its analogs can
change the capacity and morphology of DCs to instigate their more tolerogenic, youthful state [44]. Youthful
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DC:s are portrayed by a lessening in the level of class II significant histocompatibility mind boggling and the
outflow of k-animating atoms (CD40, CD80, CD86), which prompts a decline in antigen show, a reduction
in IL-12 emission and an increment in the development of tolerogenic IL-10. Calcitriol represses T-cell
cytokines, for example, IL-2 and IL-17, as well as cost can imagine receptors on monocytes [11]. The
utilization of high dosages of calcitriol in sound individuals — 1 pg two times per day for seven days,
prompts a huge diminishing in the degree of proinflammatory cytokines IL-6, orchestrated by fringe
mononuclear cells. All things considered, the blend of this large number of impacts causes the acceptance of
potential administrative T cells, which are significant for the control of the resistant reaction and the
improvement of auto-reactivity [45].

Dynamic and local VD, calcitriol, and cholecalciferol are equipped for instigating tolerogenic properties
in DCs since these cells likewise express the CYP27BI1 catalyst. Articulation of this compound permits them
to accomplish a high neighborhood convergence of dynamic types of VD, which are important for
immunomodulatory activity. The aftereffects of in vitro examinations are additionally,aipheld by the
consequences of studies on strains of mice taken out by the VDR and CYP27B1 qualities; showing ashuge
expansion in the quantity of mature DCs and impeded chemotaxis in them [11]. A new clinieal réviewavhere
95 patients got high dosages of VD or fake treatment notwithstanding standard TB tzéatment showed a sped-
up goal of fiery responses [46].

The effect of VD on adaptive immunity

VD has an improving impact on the working of vague protection instruments ‘and versatile resistance. It
is realized that, no matter what its inborn resistant action, VD can likewisé go@beut as a strong controller of
the versatile invulnerable framework [47]. One of the principal perceptions connecting VD to the versatile
safe framework was that T cells and B lymphocytes (B cells) express VDR [48], with these levels expanding
as T or B cells multiply. As a result, introductory investigations ofithe Tmpacts of VD on T cells zeroed in on
the capacity of 1,25(OH) 2D to stifle T cell multiplicatiomy, [49]. Nonetheless, resulting studies have
demonstrated that VD may likewise influence the aggregate of T eells, specifically by repressing Thl cells, a
subset of CD4+ effector T cells firmly connected with cell, invulnerable reactions [50]. Alongside this,
1,25(OH) 2D has likewise been displayed to potentiate Th2,cellsrelated cytokines, a subset of CD4+ T cells
related to humoral insusceptibility [51].

Also, ongoing works have affirmed the immediaté” impact of calcitriol on B-cell hematopoiesis,
including hindrance of their separation into m@mory cells and plasma cells, as well as advancing apoptosis of
immunoglobulin-delivering B-cells [11,,27].\Such control of B-cell initiation and expansion might be
clinically significant in immune system_illnesses since B cells that produce auto-reactive antibodies assume a
significant part in the pathophysiology of autoimmunity.

Versatile insusceptible Theellsiare additionally perceived as a significant objective for the immune-
modulatory activity of differenttypes ofiW'D. A new audit [52] proposed four expected instruments by which
VD might influence T cell workafoundationally coursing calcitriol;

« direct, intracrine transfermation of 25(OH)D to calcitriol in T cells;

* direct, paragring [impaet.ef calcitriol on T-cells because of the change of 25(OH)D to calcitriol in
monocytes or DCs;

« roundaboutimpact on antigen show to T-cells through nearby APCs animated by calcitriol.

Openness, to VD, prompts a change from a favorable to fiery to a more open-minded insusceptible
statusgCaleitriolisepresses multiplication and separation of Th and regulates their creation of cytokines [53].
Spe€itically; tteatment of T cells with calcitriol or its analogs represses the discharge of pro-inflammatory
cytokings Thl'(IL-2, IFn-y, cancer rot factor a), Th9 (IL-9) and Th22 (IL-22) [11] and along with
consequently advances the emission of mitigating Th2 cytokines (IL-3, IL-4, IL-5, IL-10) [51]. IL-17, which
produces Th17 cells, is likewise impacted by VD. Hindrance of Th17 movement assumes a significant part
in the treatment of immune system sicknesses, as has been displayed in a strain of mice with diabetes,
however not stoutness (nOD, non-obese diabetic mice) [54]. As of late, it was found that calcitriol
straightforwardly hinders the development of IL-17 at the degree of record of this cytokine; enacted human T
cells presented to calcitriol emit essentially lower levels of IL-17, [Fny and IL-21 [55].

VD and autoimmune diseases

World literature information demonstrates that the issue of VD lack is acquiring pandemic extents and
matches with an expansion in the pervasiveness of immune system illnesses. Regardless of whether this
reality demonstrates a causal connection between occasions involves broad discussion. A few immune
system infections (various sclerosis, type 1 diabetes mellitus, fiery gut sickness, rheumatoid joint
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inflammation) are occasionally and geologically reliant. Their commonness is higher in northern scopes and
is contrarily relative to UV light, which may by implication show the investment of VD in the indication of
these sicknesses [56, 57]. Consistently, a number of distributions given to the arrangement of VD in patients
with immune system sicknesses, the impact of prophylactic admission of VD on the danger of pathology and
remedial dosages of nutrients — on its course is developing. Right now, the relationship of VD lack with the
advancement of immune system sicknesses, for example, type 1 diabetes mellitus, various sclerosis,
rheumatoid joint pain, fundamental lupus erythematosus, foundational scleroderma, and incendiary gut
illnesses are being examined [58].

Various examinations done in creature models have shown a conspicuous reduction in safe movement
when VD or its metabolites are managed in mice with immune system illnesses [59]. Studies on patients with
immune system issues have not found correspondingly precise sustained results. Specifically, in the survey
articles by Kriegel et al. and Antico et al. committed to the examination of the degree of serum VD, and its
metabolites in various illnesses of immune system beginning, they got results @y eXeeptionally
heterogeneous, and on their premise, it is difficult to reach unambiguous inferences about, thelelationship of
the centralization of VD in the blood serum with the event of immune system pathology [60361]:

Hence, the clearest connection was viewed between VD lack and the advancement of type I diabetes
mellitus and different sclerosis. In the main case, the degree of VD was loewerfin patients with an
ineffectively controlled course of the sickness, ketoacidosis, arising nephropathyyand tubulointerstitial harm.
In various scleroses, diminished levels of the VD metabolite have beenstelated, to moderate infection,
expanded danger of repeat and inability. The connection between a [reduction in VD levels and the
improvement of sicknesses, for example, foundational lupus erythematosus;scleroderma, and Crohn’s illness
have been shown less convincingly. In rheumatoid joint pain, im, thejgreater part of the investigations
remembered for the evaluated audits, serum VD levels were notémeasurably altogether unique between the
debilitated and sound gatherings. Simultaneously, a few creatorsyshow a constructive outcome of the
presentation of a functioning metabolite of VD (alfa calcidiol) injthe“course of rheumatoid joint pain [62].
Patel et al. observed a solid reverse connection between gauge Serum 25(OH)D levels in patients with
recently analyzed rheumatoid joint pain (45% had a sickness“history of under a year) and pattern illness
movement (on the DAS28 infection action scale and wellbeing status poll) [24]. The expansion in 25(OH)D
level for each 10 ng/ml was portrayed by an abatement infDAS28 by 0.3 and in the degree of C-responsive
peptide by around 25%. Nonetheless, the plasma convergence of 25(OH)D did not associate with the
presence of auto antibodies in theumatoid,joint pain.

The works committed to the investigatien\of the danger of creating immune system infections with
prophylactic VD admission in adglescenee are intriguing. Accordingly, Antico et al. leading a meta-
examination, showed that the danger of type/1 diabetes mellitus is essentially lower in kids who involved VD
in adolescence contrasted and youngsters®who did not get it (all-out chances proportion 0.71, 95% certainty
stretch 0.60-0.84 [61]. Likewise; thewéview showed the impact of the circumstance of VD supplementation
on the occurrence of typell diab@tes mellitus. Thus, the age time frame from 7 to a year is thought of as
particularly goodgfor the counteraction of the illness, since it is then that the development of obtained
insusceptibility responsesghappens. It may be expected that other immune system infections are portrayed by
a comparable reliance.“Bhis end could track down incredible reasonable application, particularly in pediatric
practice. Thegfound{portion reliance on the impact of VD is additionally significant. Current proposals
recomitend an OK limit worth of 25(OH)D; in blood serum of something like 20 ng/ml. Simultaneously, an
abatementin the level of the VD metabolite under 30 ng/ml animates the creation of parathyroid chemical by
the patathyroid’ organs, which shows the inadequacy of the laid out “typical” level of VD [63, 64].
Furthermoze§’a new report showed that the support of the limit worth of serum 25(OH) Ds; degree of
somewhere around 30 ng/ml is expected for the execution of the immune-regulatory work, which is
accomplished while utilizing an everyday portion of VD of around 2000 IU [65]. The introduced information
brings up the issue of the need to reconsider the Russian standards with respect to the suggested every day
admission of VD. The importance of this issue is connected with the worldwide commonness of VD
inadequacy, remembering for our country. As indicated by A. Hossein-Nezhad and M. Holick from 43 to
63 % of the populace in Russia has a serum 25(OH)D degree of under 20 ng/ml, which shows a lack of huge
VD among Russians [58]. Additionally, a new multicenter study “Rodnichok” directed in Russia showed that
VD levels >30 ng/ml happen in just 60% of kids matured 6 a year, under 30% of kids matured 2 years of life
and just in 13% of offspring of the third year of life [66, 67]. Low serum 25(OH)D levels were additionally
connected with more unfortunate visualization in patients with hematological malignancies, including
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leukemia and lymphoma [68, 69]. Studies given in Central Kazakhstan show that plasma 25(OH)D degrees
of yet untreated grown-up patients with various sorts of leukemia had a lack of VD (10.8+£7.0 ng/mL)
contrasted with a fringe adequate VD status (21.6+7.8 ng/mL) in paired solid volunteers (p < 0.0001) [70].

Subsequently, the elements of VD are different and diverse, and that implies that its inadequacy will
influence the condition of numerous organs and frameworks of the body, including the insusceptible
framework. In such manner, it is important to draw the consideration of scientists to the issue of standards
concerning the suggested every day admission of VD for different geographic locales, particularly in the
gathering of kids with a high danger of creating immune system sicknesses. Prophylactic admission of VD in
portions satisfactory for the immune-regulatory capacity might add to a diminishing in the predominance of
immune system infections or be an essential for a less articulated seriousness of the neurotic cycle.
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A. Apsicran0aii, A.I'. )Kymuna, B.O. Kinynnas

D nopymeHi :koHe OHBIH aJaMHbIH HMMYH/BIK KyleciHe dcepi

Makasana aaMHBIH HMMYH/BIK Ky#ieciHe D nopyMeHi JeHreiliHiH ocepi Typaisl 3aMaHayd OTaHIBIK JKOHE
LICTEJIIK 3epTTeyJiep YChIHbUFaH. VIMMYHIBIK JKayanTtapibl perreyre D BHTaMHHIHIH KaTbICYbl Typajibl
KemnTereH aepekrep kenripiireH. COHFBI JKbULIAPhl ayTOUMMYH/IBI aypysiapbl 0ap HayKacTap/blH JCHECIH/E
D nopymeniHin xericneymriniri Macenecine kebipek keHin 6eininyne. IMMyHABIK perteyaeri D nopymeHiHig
MAaHBI3JIBUIBIFBIH PAacTay BUTaMHMHHIH TOMEH MACHreili MeH opTypii HH(EKUMsulapFa Ce3iMTalABIKTBIH
JKOFapblIaybl, COHIAH-aK BUPYCTBIK, OaKTEPHSUIBIK JKOHE CaHbIPAYKYJIAaK 3THOJIOTMSCHIHBIH HMH()EKIUSIBIK
npolLeciHiH OeNceHainiri apacsiHIarbl OalIaHbICTHI KOPCETETIH KOMTEreH IKCIEPUMEHTTIK 3epTTeYNIepAiH,
KJIMHUKAJIBIK JKOHE 3MHIEMUOJIOTHSUIBIK OaKbuIayIapblH HOTHKeNepi Ooubin Tadbutafsl. D nopymeni B xone
T numdouutrepi, IEHAPUTTI Kacylranap jKoHE Makpodarrap CHIKTHI MMMYHJBIK jKacyllanapra TiKeslen
JKoHe jkaHama acep ereni. COHBIMEH KaTap D IopyMeHIHIH dcepiHeH MMMYHJBIK JKayanTsl OelceHIIpYIiH
MOJIEKYJIaJbIK MEXaHM3MIEpIHe epeKlle Hasap ayjapeUraH. D mopymeHi o3 ocepin D nopyMeHimHif
peuentopbiMeH (VDR) GaillaHBICTBIPY apKbUIBI KOpCETeli, o ©3 Ke3eriHme Oacka akybI3HapMEHN\Oipre
OpPraHM3MHIH HMMMYHIBIK PEaKUUACHIHA KATBICATBIH  aKybI3[ApAblH TEeHJACPIHIH  TPaHCKPRULMACHLH
6encennipeni. OcpiFaH OailylaHBICTBI, ocipece MaHAeMus JkarmaibiHza D IopyMeHiH KYHZEMKTI BYTHIHY
HOpMaJslapbl MaceeciHe 3epTTeyIIIep/IiH Ha3apbliH aylapy Kaxer.

Kinm ce30ep: D ButamuHi, kampuutpuos, D Butamunini peuentopsl (VDR), Tya OiTkeH, HMMyHHUTET,
aJlaNTHBTI IMMYHHUTET, ayTOMMMYHIBI aypyJiap.

A. Apsictan0aii, A.I'. XKymuna, B.O. Kiryafas

Butamun D u ero Biusinue Ha HMMYHHYIO“CHCTECMY YE€JT0BCKA

B nHacrositem iutepatypHOM 0030pe TPEICTABICHBI COBPEMEHHBIC OLCUCCTBCHHBIC U 3apyOCKHBIC UCCIIEIO0-
BaHUsl, IOCBALICHHBIC BIMSIHUIO YPOBHS BUTaMHHA D H&NMMYHHYI0 CHeTeMy YelioBeka. [IpuBeeHsl MHOTO-
YHUCJICHHBIE JaHHbBIE 00 y4acTHM BUTaMHHA D B peryssiiliy UMMYHHBIX peakuuil. B mociennue ronsl Bce
Oosblie BHUMaHMA yaensercs npodseme neduu@ira BuTaMiuHaD B OpraHu3Me NalueHToB ¢ ayTOMMMYHHBIMHU
3aboneBanusaMu. [lonTBepxaeHneM 3HaUNMOCTH BUEaMUHA D B MMMYHHOM PEryJISLUN ABISIOTCS Pe3yIbTaThl
MHOTOYHCIICHHBIX 3KCIIEPUMEHTAIBHBIX HCCIIEI0BAaHUM, KIMHNYECKUX U SIUICMUOJIOTHYECKUX HaOII0ICHUH,
KOTOpBIE IEMOHCTPUPYIOT CBSI3b MEXKIY HU3KUMH YPOBHSIMH BUTAMUHA U MOBBILIEHHON BOCIPUUMYUBOCTHIO
K pa3IMYHbIM WHQEKIUAM, a TAKKE aKTHBHOCTHIO MH(EKIIMOHHOTO IMpoliecca BUPYCHOM, OaKTepHaIbHOW U
rpuOKOBOIi 3THONOTHU. Butamun D nefieIByoT\kak mpsMo, TaK H KOCBEHHO HA HMMYHHBIE KIIETOK, TAKHE KaK
B- u T-mumdonuTsl, AeHIpUTHBIC KICTKA MMakpodaru. B 063ope oco6oe BHUMaHUE YAEIEHO MOJCKYISp-
HBbIM MEXaHU3MaM aKTHBallMU UMMYHHORO OTBETa IO BiMsHUEM BUTamuHa D. Butamun D oxa3biBaer cBoit
3¢ dekT nocpeacTBOM cogarHeHus ¢ perenTopom ButamuHa D (VDR), KOoTOpEIi, B CBOIO 04Yepe/ib, COBMECT-
HO C ApYruMHU OeskaMu aKTHBUDYEE, TPAHCKPUIILIUIO TeHOB OEJIKOB, YYaCTBYIOIIUX B MIMMYHHOM OTBETE Op-
raHu3Ma. B cBs3u ¢ 9THM HEOQXOIMMO NPHBICYs BHUMaHHE HCCIeIoBaTeNel K mpobiieMe HOPM CyTOYHOTO
notpebIieHus BUTaMufia D, OCOOCHHO B YCIIOBHSX ITaHICMHH.

Kniouesvie crosd: suvamun/D, xanemurpuon, penentop BuramuaHa D (VDR), BpoxIeHHBI MMMYyHHUTET,
a/laITHBH B, MMy HUTCT,J@yTONMMYHHBIE 3a00JIeBaHNsL.
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