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Abstract

The immune system with its numerous and complex interactions helps to protect the host from 
pathogenic microorganisms, and enables cleaning of damaged tissues. It is also associated with constant 
“monitoring” of the appearance of malignant cells and their elimination that can occur in the human 
body. Such a role depends on many factors including adequate intake of nutrients, including vitamins. 
The effect of vitamin supplementation on the modulation of the immune response has always been the 
focus of numerous studies. Vitamins A and D have been shown to have the greatest immune-modulatory 
effect. In this review, we discuss and consider the possible roles of vitamins A and D on the immune 
response through innate and adaptive immune cells, with special focus on the cell population recently 
characterized as innate lymphoid cells. Recent literature data indicate that vitamin A and its metabolites 
modulate the balance between Th1 and Th2 immunity. In addition, vitamin D expresses protective effects 
on the innate immune system and inhibitory effects on adaptive immunity.
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Introduction
The main role of the immune system is reflected 

through the protection of the host from pathogenic micro-
organisms, cleaning of damaged tissues and permanent 
monitoring of malignant cells that can occur daily in the 
human body. Studies have shown that there is a strong het-
erogeneity of the immune response between individuals, 
primarily due to genetic and environmental factors, life-
style, diet and interactions between these factors [1]. We 
cannot influence some factors, such as genetics, but we 
can change the rest. Diet is a variable factor that affects 
the function of the immune system and has been studied 
for several decades. This study of the effects of diet on im-
munity has grown into a special research branch known as 
nutritional immunology. The immune system depends on 
adequate nutrition to perform its function normally. Years 
of research have shown that nutritional status is closely 
related to host immunity and resistance to infections [2-5]. 
Although it is well known that nutritional deficiencies need 
to be diminished for the immune system to function ade-
quately, recently emerged evidence suggest that increased 
intake of some nutrients, including vitamins, may help 
optimize the immune response and resistance to infection 

[6-8]. The impact of vitamin supplementation on the mod-
ulation of the immune response has always been in the 
focus of numerous studies [9-12]. We focused this review 
on vitamins A and D, since they were shown to have the 
greatest immunomodulatory impact. The latest literature 
data describing the way vitamins A and D influence the 
immune response through innate and adaptive immune 
cells, including recently described innate lymphoid cells, 
are summarized.

Immunomodulatory potential of vitamin A 
Vitamin A belongs to the group of liposoluble vita-

mins. It exists in the form of retinol, retinal and retinoic 
acid (RA), among which RA shows the highest biologi-
cal activity. These metabolites are essential in embryon-
ic development, vision maintenance, growth, integrity of 
epithelial and mucosal tissue, and cellular differentiation 
[13]. Since humans cannot synthesize vitamin A de novo, 
dietary uptake is crucial. Retinol is derived from animal 
sources such as meat, dairy products, and fish, whereas 
provitamin A is derived from colorful fruits and vegeta-
bles. After absorption, both ingested forms of vitamin A 
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are converted to retinal and RA, upon which biologic func-
tions are expressed [14].

Retinoic acid is a ligand of the nuclear receptor pro-
tein for retinoic acid (RAR protein). The RAR family has  
3 main members, α (isoforms α1-2), β (β1-4) and γ, with 
additional subtypes. Nuclear RAR acts as a ligand-activat-
ed transcription factor. RA exists in two significant deriv-
atives: 9-cis-RA and all-trans-RA (ATRA) [15]. ATRA is 
the endogenous ligand RAR with the highest affinity.

Vitamin A metabolites through their effects on dendrit-
ic cells (DCs) can indirectly define the final outcome of the 
immune response [10, 11]. Dendritic cells are antigen-pre-
senting cells with key roles in the initiation and regulation 
of innate and adaptive immune responses [16]. Immature 
DCs upon antigen recognition by numerous pattern-recog-
nition receptors (PRRs) become mature and migrate to sec-
ondary lymph organs where they interact with T cells and 
initiate the immune response [17]. Their role is crucial in 
differentiation of naïve CD4+ T cells into effector subsets, 
Th1, Th2, Th17 or regulatory T (reg) cells. Th1 and Th17 
immune responses are mostly involved in the immunity 
against intracellular pathogens, with the promotion of au-
toimmunity and inflammation. Th2 immunity is activated 
in the presence of parasites and extracellular bacteria [18]. 

It has been shown that ATRA can act cell-intrinsically 
in the differentiation of DC precursors [19]. It is believed 
that the effect of ATRA on DCs is reflected through the 
promotion of the anti-inflammatory phenotype charac-
teristic of intestinal DCs [20]. On the other hand, in the 
presence of interleukin (IL)-15, ATRA can stimulate the 
production of IL-12 and IL-23 by DCs, suggesting promo-
tion of the Th1 and Th17 immune response [21]. Kim et al.  
demonstrated that DCs express enzymes in the vitamin A 
metabolic pathway, including the aldehyde dehydrogenase 
1 family, member a2 (ALDH1A2) and short-chain dehy-
drogenase/reductase family, member 9 (DHRS9), enzymes 
capable of the two-step conversion of retinol into ATRA, 
which is subsequently released from the cell [11]. Such 
ATRA production can transactivate infected macrophages 
to elicit antimicrobial activity. 

Balance between Th1 and Th2 immunity can also be 
modulated by vitamin A metabolites. Namely, by inducing 
IL-4, IL-5, and GATA-3 (the main regulatory factor for 
the Th2 lineage) RA promotes Th2 cell differentiation [22].  
RA also favors the Th2 immune response by up-regulating 
the expression of the co-stimulatory molecule CD86 and 
the natural killer T (NKT) cell population, correlated with 
increased secretion of IL-4 [23]. On the other hand, inhibi-
tion of T-bet, a Th1 cell transcription factor, by RA contrib-
utes to down-regulation of the Th1 immune response [24].

Vitamin A can regulate the adaptive immune response 
through differentiation of Foxp3+ regulatory T cells as well 
[25]. Regulatory T lymphocytes (Treg) are a subpopulation 
of T lymphocytes that maintain immune tolerance and reg-
ulate the autoimmune response and Foxp3 is a transcrip-

tional factor essential for the differentiation and effector 
function of Tregs. The cytokine transforming growth fac-
tor β (TGF-β) converts naïve T lymphocytes into Tregs 
that prevent autoimmunity. However, TGF-β promotes the 
differentiation of naïve T lymphocytes into proinflamma-
tory, IL-17-producing Th17 lymphocytes, which promote 
autoimmunity and inflammation. ATRA, as a key regula-
tor of the TGF-β-dependent immune response, is able to 
inhibit IL-6-induced induction of proinflammatory Th17 
cells and to promote Treg differentiation [26]. Depending 
on the concentration, RA has an opposite effect on the dif-
ferentiation of Th1 and Th17 cells [27]. Namely, Rampal 
et al. demonstrated that high doses of RA can impair the 
differentiation of human Th17 and Th1 cells in vitro [28]. 
On the other hand, there are reports suggesting that RA 
was beneficial to Th1 and Th17 cell differentiation at low 
doses [29].

Innate lymphoid cells (ILCs) are recently described 
cells with an emerging role in the immune response. These 
cells mirror the phenotypes and cytokine profile of CD4+  
T cell subsets, and they are divided into three main subsets, 
ILC1, ILC2, and ILC3 mostly based on their potential to 
produced different cytokines [30]. It is thought that they 
correspond to Th1, Th2, and Th17 subsets, and therefore 
are involved in the immunity against intracellular bacteria, 
parasites, and extracellular microbes [31]. ILCs most likely 
regulate adaptive immunity through promotion of T cell 
activation via regulation of DCs [32]. Recent studies have 
shown that vitamin A can have an impact on ILC func-
tions [33-35]. Namely, it has been shown that intestinal 
ILC2s expand during vitamin A deficiency and intestinal 
ILC3s were found to be highly abundant when vitamin A  
is present. Since vitamin A deficiency increases sensitiv-
ity to bacterial infection, it was proposed that balance of 
ILC2s vs. ILC3s is a regulatory mechanism to maintain 
intestinal barrier function in a vitamin A-dependent man-
ner [35]. Similar results were obtained by another research 
group which demonstrated a direct effect of RA on intes-
tinal ILC3s in transgenic mice, indicating its crucial role 
in the development of intestinal ILC3s and postnatally 
formed lymphoid tissue within the intestine [33]. In addi-
tion, ILC2s were shown to down-regulate the expression 
of IL-7Rα in the presence of vitamin A, thereby providing 
a benefit for ILC3s in the competition of growth factors. 
The same study proposed vitamin A as a potential factor 
for conversion of intestinal ILC2s into IL-10, producing 
ILCreg, which contribute to establishment of intestinal 
tolerance [34]. 

Poor vitamin A status has been associated with in-
creased occurrence and severity of infectious disease. 
Due to its described immunomodulatory capacity, vitamin 
A and its metabolites have been used in animal models to 
mitigate autoimmune inflammation, psoriasis, and contact 
dermatitis [36]. In humans, vitamin A reduces morbidity 
and mortality of measles, infantile diarrhea, malaria and 
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hand, foot and mouth disease [37-39]. Vitamin A has both 
promoting and regulatory roles in the innate and adaptive 
immunity, so it can provide enhanced defense against mul-
tiple diseases. A previous study demonstrated that 13-cis 
isomer RA has a dose- and time-dependent antiprolifera-
tive effect on the HL-60 promyelocytic leukemia (PML) 
cell line, which may facilitate the development of new 
pharmacological strategies in the treatment of PML [40]. 
Currently, there are some ongoing studies on therapeutic 
effects of vitamin A on preventing and treating various in-
fectious diseases and cancer. Further studies will probably 
give insights into vitamin A application as therapeutics.

Immunomodulatory potential of vitamin D 
Vitamin D is a pro-hormone, essential for many cel-

lular physiological processes in the body contributing to 
good health. Since not so many nutrients are rich in vita-
min D (fish, egg yolks, milk) it must be imported in an-
other way. The most significant form of vitamin D is vita-
min D

3
, synthesized in the skin from 7-dehydrocholesterol 

depending on ultraviolet B radiation from sunlight [41]. 
Upon liver conversion to 25-dihydroxyvitamin D

3
 (25(OH)

VD
3
), the main circulating form of vitamin D

3
, it metab-

olites in the kidney to 1,25(OH)2VD
3
, a physiologically 

active vitamin D
3
 metabolite. In some lesser amounts, vita-

min D
3
 can be metabolized by T and B lymphocytes, mac-

rophages and DCs [42]. Since many of the immune cells 
express vitamin D receptor (VDR) and produce 1-α-hy-
droxylase, an enzyme necessary for vitamin D

3
 activation, 

this vitamin can exert its effects in an autocrine, paracrine 
and endocrine manner [1].

Vitamin D
3
 modulates the innate immune system by 

enhancing the phagocytic ability of immune cells and 
by reinforcing the physical barrier function of epithelial 
cells [43]. It has been shown that vitamin D

3
 stimulates 

monocyte proliferation and promotes chemotactic and 
phagocytic capacity of macrophages in a Toll-like re-
ceptor (TLR)-dependent manner. Namely, it seems that 
microbial activation of macrophages through TLR2 and 
TLR4 enhances 1-α-hydroxylase and VDR activity with 
subsequent cathelicidin and beta defensin 4 production. 
Such processes are important for intracellular bacteria kill-
ing [43]. Evidence from animal studies demonstrates that 
lacking vitamin D impairs gut innate immunity, leading 
to gut dysbiosis and systemic inflammation [44]. In addi-
tion, vitamin D

3
 improves protective effects of other cells 

participating in the innate immune system as first-barrier 
defenses, such as keratinocytes, epithelial, intestinal, lung 
and corneal cells, and placenta trophoblasts [45].

Recent studies have assessed the role of vitamin D in 
ILCs biology [46, 47]. Vitamin D is an important regulator 
of early cytokine production by ILC in the gut and there-
fore valuable in enteric infection protection. It has been 
demonstrated that the vitamin D/VDR signaling pathway 

critically regulates ILC3 development in the gut of mice 
through IL-22 production, providing potent innate immuni-
ty against C. rodentium infection [9, 47]. Interestingly, an-
tagonistic effects of vitamins D and A in human ILCs have 
been observed [48]. Data show that vitamin D

3
 inhibits 

RA-induced production of several effector cytokines and 
expression of gut-homing integrin in human ILCs. Since 
ILC2s enhance allergic inflammation, their inhibition by 
vitamin D

3
 could therefore ameliorate allergic inflamma-

tion, and maybe prevent allergic disease.
In contrast to innate immunity, activity of the adaptive 

immune response is mostly inhibited in the presence of vi-
tamin D

3
. In general, vitamin D

3
 inhibits T cell prolifera-

tion by decrease in IL-2 and interferon γ (IFN-γ) production 
[49]. Such an effect is probably mediated through formation 
of a VDR-retinoic X receptor (RXR) complex to the vita-
min D

3
 response elements (VDREs) in the promoters of 

genes encoding IL-2 and IFN-γ [36]. Vitamin D reduces 
CD4+ T cell polarization toward the pro-inflammatory Th1 
and Th17 cells, opposite of favoring the regulatory Th2 
and Treg cell development [45, 50]. Studies indicate that 
vitamin D favors Th2 cell development by enhancement 
of IL-4 production, whereas down-regulation of IFN-γ 
blocks Th1 cell activation [36]. The effect on Th17 cells is 
attributed to inhibition of IL-6 and IL-23 production with 
probable reciprocal differentiation and expansion of Foxp3 
of Treg cells [51]. It is presumed that most of these effects 
of vitamin D on adaptive immunity are mediated through 
DCs [52]. Immunostimulatory capacity of DCs seems to 
be reduced in the presence of vitamin D

3
, as determined by 

down-expression of MHC II class molecules, CD40, CD80 
and CD86 molecules, key markers of DCs [53, 54]. Vita-
min D

3
 simultaneously decreases the production of IL-12 

and increases IL-10 production by DCs, suggesting its role 
in polarization of the immune response [55]. 

Figure 1 schematically describes simultaneous effects 
of vitamins D and A on effector functions of the immune 
cells.

Most studies examining vitamin D metabolism and dis-
ease prevalence show an association between low serum 
vitamin D concentrations and autoimmunity (Fig. 2). Also, 
different animal studies have provided evidence of an as-
sociation between hypovitaminosis D and high risk of sys-
temic lupus erythematosus, rheumatoid arthritis, systemic 
sclerosis, multiple sclerosis, inflammatory bowel diseases, 
type 1 diabetes and other autoimmune diseases [56]. The 
described immunomodulatory properties of vitamin D and 
its metabolites suggest that vitamin D supplementation 
could be of great help in the treatment of inflammatory 
and autoimmune diseases.

It is important to note that since both vitamin A and vi-
tamin D act through a similar type of receptor, it can cause 
a problem in their supplementation. Namely, the nuclear 
VDR heterodimerizes with nuclear receptors of the RXR 
family and binds to VDREs, or forms RXR-RXR homodi-
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mers which act as a specific receptor for 9-cis-retinoic acid 
[15, 35]. Since RXR proteins are known as partners for 
some other nuclear receptors (thyroid hormone, liver X),  
it is possible that due to their common RXR nuclear bind-
ing partners, the ligands vitamins D and A antagonize each 
other’s effects when excess of vitamin A may make vita-
min D supplementation less effective. 

Conclusions
As the interdisciplinary approach continues to develop 

in research, the relationship between nutrition and immu-
nity emerges. The influence of vitamins on the immune 
function of the organism has been widely studied. The 
foregoing review highlights that vitamins A and D are vital 
for immune function (a schematic presentation is shown in 

Vitamin D
3

Vitamin A

Mo/MΦ

DCs

ILCs

Proliferation
Differentiation

Proliferation
Differentiation

Maturation Maturation

Proliferation
Activation

Proliferation
Activation

Fig. 1. Simultaneous effects of vitamins D and A on effec-
tor functions of the immune cells (influence on ILC sub-
types still not definitely dear)

Fig. 2. The most common diseases and disorders related to 
vitamins D and A hypovitaminosis

Systemic lupus erythematosus

Embryonic development 

Multiple sclerosis 

Night blindness 

Rheumatoid arthritis 

Defect in cellular 
differentiation

Type 1 diabetes 

Throat and chest 
infections 

Systemic sclerosis 

Poor wound healing 

Inflammatory bowel diseases 

Loss of epithelial and mucosal 
tissue integrity 

Vitamin D
3

Vitamin A 

 stimulation        inhibition 

Fig. 3. Immune response polarization capacity of vitamins A and D

Th1

HO
H

Th17

Th2

Treg

Vitamin D
3

Vitamin A



Central European Journal of Immunology 2021; 46(2)

Tanja Džopalić et al.

268

Fig. 3). By analyzing immune mechanisms, these vitamins 
have been shown to be potent immunomodulators, and as 
such it would be of great interest to continue research with 
a view to their application as therapeutics.
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