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mune diseases.

VITAMIN D AND THE IMMUNE SYSTEM

Adequate vitamin D levels can be achieved only
by sunlight exposure or supplementation. Lack of
sunlight, gastrointestinal inflammation, aging,
darker skin and elevated cortisol can cause a vita-
min D deficiency. Some years ago, molecular biol-
ogy identified 25-D as a secosteroid. Vitamin D is
involved in bone and calcium metabolism. It is in-
volved in the regulation of calcium homeostasis, as
it regulates calcium absorption from the gastroin-
testinal system. The hormone is synthesized in the
skin by the action of ultraviolet irradiation. Vitamin
D has extraskeletal effects as well (1).

The nonclassical actions of vitamin D are cur-
rently under discussion. It is increasingly recog-
nized that vitamin D also has important roles in
multiple other systems, including effects on mus-
cles, vasculature, reproduction, cellular growth and
differentiation, malignancy and the immune sys-
tem. Vitamin D can modulate the innate and adap-

ABSTRACT

Vitamin D is a secosteroid rather than a vitamin. Vitamin D plays a role in the maintenance of immune homeosta-
sis. Low levels of 25-hydroxyvitamin D [25(OH)D] are frequently noted in patients with autoimmune diseases,
leading to a current consensus that a deficiency of the secosteroid may contribute to the autoimmune disease
process. Low levels of vitamin D in patients with autoimmune disease may be a result rather than a cause of dis-
ease. The discovery of the vitamin D receptor (VDR) in the cells of the immune system and the fact that several
of these cells produce the vitamin D hormone suggested that it could have immunoregulatory properties. Vitamin
D has multiple immunosuppressant properties. Definitive mechanisms by which vitamin D protects against auto-
immune disease have yet to be identified. This review describes the importance of vitamin D deficiency in autoim-

Keywords: vitamin D, deficiency, pathophysiology, autoimmune diseases

tive immune responses. Vitamin D plays an impor-
tant role in the immune system’s battle against
infection and control of inflammation. The defini-
tion of deficiency of 25(OH)D is variable. Vitamin
D deficiency is also frequent among young sub-
jects. Vitamin D insufficiently is emerging as a
clinical problem of global proportions and epide-
miology has linked vitamin D status with autoim-
mune disease susceptibility and severity. These low
levels of 25(OH)D are a result, rather than a cause,
of the disease process. Vitamin D has a pivotal role
in the maintenance of immune homeostasis (2).

THE ROLE OF VITAMIN D IN REGULATING
IMMUNE RESPONSES

Emerging evidence suggests that vitamin D
plays an important role in immune regulation. Vita-
min D’s regulatory role of vitamin D in modulating
the immune response includes inhibitory effects on

Author of correspondence

Conf. Dr. Manole Cojocaru, 5 Thomas Masaryk St., Sector 2, Postal Code 020983, Bucharest, Romania

E-mail: mancojocaru@yahoo.com

REevisTA MEDICALA ROMANA — VorLumuL LXI, NRr. 1, An 2014 17



18

REvisTA MEDICALA ROMANA — VorumuL LXI, NR. 1, An 2014

T cells, B cells and dendritic cells (3). The identifi-
cation of vitamin D receptors (VDR) in peripheral
blood mononuclear cells sparked the early interest
in vitamin D as an immune system regulator (4).
Vitamin D may be a physiological regulator of T-
cell development. In the light of recent research,
the VDR is now known to transcribe at least 913
genes and largely control the innate immune re-
sponse. Immune cells have vitamin D receptors,
and activated vitamin D is a very effective modula-
tor of immune functioning, reducing the inflamma-
tory response and limiting autoimmune attacks.
Vitamin D plays an important role in balancing the
Th1 (cell-mediated) and Th2 (humoral) arms of the
immune system (5).

Vitamin D receptors are expressed on B cells.
The insights are based on molecular research show-
ing that 25(OH)D inactivates rather than activates
its native receptor. Additional vitamin D activates
the VDR being converted into 1,25(OH)D. The
VDR is ultimately a control system for the innate
immune response (6).

Deficiency in vitamin D is associated with in-
creased autoimmunity and an increased suscepti-
bility to infection. Interestingly, vitamin D has been
shown to inhibit antibody secretion and autoanti-
body production (7). Therefore, 1,25-dihydroxyvi-
tamin D, [1,25(OH),D,], the biologically active
metabolite of vitamin D, exerts immunomodula-
tion via the nuclear VDR expressed in antigen-pre-
senting cells and activates T/B cells. Moreover,
1,25(0OH),D, enhances IL-10 production and pro-
motes dendritic cells (DC) apoptosis. Together,
these effects of 1,25 (OH),D, inhibit DC-dependent
T-cell activation. The synthesis of other T-lympho-
cyte cytokines can also be influenced by
1,25(0H),D, (8).

1,25(0OH),D, inhibits B cell proliferation before
differentiation to immunoglobulin-secreting cells,
consequently reducing immunoglobulin produc-
tion. In vitro, 1,25(OH),D, inhibits the differentia-
tion of monocytes into dendritic cells (DCs) and
interferes with the stimulatory activity that T-cells
exert on them (9). In vivo, 1,25(OH),D, has a direct
immunosuppressive effect on DC, reduces I1L-12
production and IFN-y and IL-2. 1,25(OH),D, stim-
ulates phagocytosis and killing of bacteria by mac-
rophages but suppresses the antigen-presenting ca-
pacity of these cells and of DCs (10,11).

Vitamin D has found to promote the induction
of monocytic differentiation to macrophages and
modulate macrophage responses, preventing them
from releasing inflammatory cytokines and
chemokines (12). Because macrophages also play

important roles in several autoimmune diseases,
this may be special clinical importance (13).

Finally, 1,25(OH),D, can decrease the antigen-
presenting activity of macrophages to lymphocytes
by reducing the expression of major histocompati-
bility complex II molecules on the cell surface. Un-
der such circumstances, supplementation with ex-
tra vitamin D is not only counterproductive but
harmful. Administering supplemental vitamin D
will stimulate 1,25(OH)D production (14).

VITAMIN D DEFICIENCY IN AUTOIMMUNE
DISEASES

Epidemiological studies suggest that the devel-
opment of systemic autoimmune disease is affected
by geographical areas and lifestyle. Presumably, in
these processes, vitamin D is a significant environ-
mental factor. Both experimental and clinical data
provide evidence that vitamin D is one of those im-
portant environmental factors that can increase the
prevalence of certain autoimmune diseases such as
systemic lupus erythematosus (SLE), rheumatoid
arthritis RA), type 1 diabetes mellitus, and inflam-
matory bowel disease. Vitamin D deficiency is
common in patients with Crohn disease even when
the disease is in remission.

Autoimmunity is an inflammatory response to
normal cells or proteins caused by a lack or loss of
tolerance by the immune system. There is increas-
ing interest for understanding of the role of vitamin
D deficiency in a number of chronic health prob-
lems including autoimmune diseases. Vitamin D
action may to preserve balance in the T-cell reac-
tion and thus avoid autoimmunity. A number of
studies have suggested that patients with autoim-
mune diagnoses are deficient in 25-hydroxyvitamin
D [25(OH)D] (15,16).

Low levels of 25(OH)D are frequently noted in
patients with autoimmune disease, leading to a cur-
rent consensus that a deficiency of the secosteroid
may contribute to the autoimmune disease process
(17).

It is unclear whether vitamin D insufficiently is
a cause or a result of autoimmunity and/or corticos-
teroid therapies, which are commonly used to treat
these patients (18,19).

Like corticosteroid medications, vitamin D may
provide short-term relief by lowering inflammation
but may exacerbate disease symptoms over the
long-term. For example, a higher incidence in brain
lesions, allergies, and atopy in response to vitamin
D supplementation have been noted of supplemen-
tation with the secosteroid (20-22).
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Vitamin D supplementation leads to the forma-
tion of 25(OH)D rather than 1,25(OH)D. It seems
that high vitamin D intake, regardless of sunlight
exposure, is associated with a reduced risk of de-
veloping type 1 diabetes mellitus, RA, and multiple
sclerosis (MS). High levels of 25(OH)D do not ap-
pear to prevent inflammatory disease. In contrast,
1,25(OH)D appears to be a highly sensitive clinical
marker both in diagnosis of autoimmune and asso-
ciated diseases. Moreover, critically low levels of
the vitamin clearly correlated with the progression
to well-established connective tissue disease (CTD)
(23).

VITAMIN D DEFICIENCY IN SYSTEMIC LUPUS
ERYTHEMATOSUS

The suppressive immunologic properties have
led to considering its role in autoimmune diseases
such as SLE. A number of recent studies have high-
lighted the association between SLE and vitamin D
deficiency (24-28). People with low levels of vita-
min D are more prone to develop SLE than those
with higher levels. Researchers have just found that
vitamin D levels among SLE patients directly re-
lates to the severity of the disease (29,30). Prospec-
tive studies of vitamin D in SLE are limited, but
most cross-sectional studies show an inverse rela-
tionship between levels of vitamin D and disease
activity. Vitamin D deficiency as a possible risk
factor for SLE and provide guidance for future
studies looking at a potential role of vitamin D in
the prevention and/or treatment of SLE. Vitamin D
deficiency was found in 18% of the SLE patients
with the presence of severe renal disease and pho-
tosensitivity. As another vitamin D-reducing factor,
anti-vitamin D antibodies have been described in
patients with SLE, antiphospholipid syndrome, and
pemphigus vulgaris, and these autoantibodies were
associated with anti-dsDNA antibodies in SLE (31-
33).

VITAMIN D DEFICIENCY IN RHEUMATOID
ARTHRITIS

Previous research has indicated an association
between vitamin D deficiency and rheumatoid ar-
thritis (RA). Reduced vitamin D intake has been
linked to increased susceptibility to the develop-
ment of RA and vitamin D deficiency has been
found to be associated with disease activity in pa-
tients with RA. Vitamin D supplementation may be
needed both for the prevention of osteoporosis as
well as for pain relief in patients with RA (32).

Some authors reported an inverse relationship be-
tween serum levels of vitamin D metabolites and
disease activity or disability in patients with RA or
early inflammatory polyarthritis (33). Vitamin D
supplementation should be commonly given to RA
patients taking corticosteroids to prevent corticos-
teroid-induced osteoporosis through modulation of
the Th1/Th17 and Th2 cytokine balance (34).

VITAMIN D DEFICIENCY IN DIABETES
MELLITUS

Epidemiological studies suggest a link between
vitamin D deficiency in early life and the later onset
of type 1 diabetes. Several observational studies
have suggested that either low vitamin D levels or
low vitamin D intake may predispose to the devel-
opment of both type 1 and type 2 diabetes mellitus.
Vitamin D deficiency has been implicated in the
pathogenesis of type 1 diabetes mellitus. Vitamin D
has another little-known role. It regulates insulin
secretion and sensitivity and balances blood sugar.
Vitamin D deficiency is associated with insulin re-
sistance. Low vitamin D levels, low sun exposure,
and low intake of vitamin D have each been associ-
ated with an increased risk for the development of
type 1 diabetes mellitus. Low 25(OH)-vitamin D
levels have been shown to correlate with the pres-
ence of cardiovascular disease in diabetics. Gener-
ally RA and juvenile diabetes are more prevalent in
higher latitudes than in the latitudes of the tropics
and subtropics. In addition, there is seasonal varia-
tion in type 1 diabetes mellitus with the largest pro-
portion of type 1 diabetes mellitus cases diagnosed
during fall-winter and the lowest during the sum-
mer (35,36).

VITAMIN D DEFICIENCY IN MULTIPLE
SCLEROSIS

Vitamin D deficiency has been implicated in the
pathogenesis of multiple sclerosis (MS). In addi-
tion, areas with diets rich in fish oil, a major dietary
source of vitamin D, have lower incidence of MS.
The maintenance of an adequate vitamin D level
may have a protective effect in individuals predis-
posed to MS. Ultraviolet irradiation of the skin is a
major source of vitamin D, and the prevalence of
MS is lower in regions where vitamin D is abun-
dant as in sunny climates and high altitudes. Fur-
ther studies are needed to determine whether vita-
min D alone or combined with other treatments is
effective in individuals with active MS (37-39).
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VITAMIN D DEFICIENCY IN
UNDIFFERENTIATED CONNECTIVE TISSUE
DISEASE

The term ‘“undifferentiated connective tissue
disease” (UCTD) has been used since 1980 to de-
scribe a group of connective tissue diseases (CTDs)
that lack the characteristics of any distinctive dis-
ease. About 30% to 40% of patients with UCTD
will evolve to defined CTD during the years of
follow-up. Several factors can lead to low levels of
vitamin D in our patients with UCTD. Although the
physical activity of most patients was not limited,
patients with photosensitive rashes do seem to have
a reduced exposure to sunlight and generally use
very high UV protection. UCTD has specific signs
and/or autoantibodies that are characteristic of au-
toimmune disease. Vitamin D may be a key regula-
tor of autoimmune processes in patients with
UCTD. Vitamin D deficiency in UCTD patients
may play a role in the subsequent progression into
well-defined CTDs. The measurement of serum vi-
tamin D is crucial in UCTD patients and that the
effective supplementation of vitamin D may be im-
portant in these patients (40-42).

VITAMIN D DEFICIENCY IN AUTOIMMUNE
THYROID DISORDERS

Autoimmune thyroiditis tends to be an innocent
bystander with other autoimmune diseases such as
type 1 diabetes, RA, SLE, etc. Autoimmune thy-
roiditis is also the most common undiagnosed auto-
immune disease in the world. More women are di-
agnosed with this condition than men. Several
studies have established a relationship between low

REFERENCES

1. Maruotti N., Cantatore F.P. Vitamin D and the immune system.
J Rheumatol 2010; 37(3): 491-5.

2. Hewison M. Vitamin D and the immune system: new perspectives on
an old theme. Endocrinol Metab Clin North Am 2010; 39(2): 365-79.

3. Toubi E., Shoenfeld Y. The role of vitamin D in regulating immune
responses. Isr Med Assoc J 2010; 12:174-5.

4. Cantorna M.T., Zhu Y., Froicu M., Wittke A. Vitamin D status,
1,25-dihydroxyvitamin D3, and the immune system. Ann J Clin Nutr
2004; 80(6): 1717S-20S.

5. Aranow C. Vitamin D and the immune system. J Investig Med 2011;
59(6): 881-6

6. Albert P.J., Proal A.D., Marshall T.G. Vitamin D: the alternative
hypothesis. Autoimmun Rev 2009; 8(8): 639-44.

7. Jones B.J., Twomey P.J. Issues with vitamin D in routine clinical
practice. Rheumatology 2008; 47: 1267-8.

8. Etten E., Mathieu C. Immunoregulation by 1,25-dihydroxyvitamin D3:
basic concepts. J Steroid Biochem Mol Biol 2005; 97: 93-101.

vitamin D levels and autoimmune thyroid disor-
ders. Vitamin D helps to balance the immune sys-
tem that is out of balance and attacking the thyroid
gland. Insulin resistance and dysglyemcia adverse-
ly affect thyroid physiology in several ways. Since
vitamin D is absorbed in the small intestine, a leaky
and inflamed gastrointestinal tract — which is ex-
tremely common in people with low thyroid func-
tion — reduces the absorption of vitamin D. There is
evidence for a role of the vitamin D in the patho-
genesis of thyroid autoimmunity. Vitamin D defi-
ciency was also strongly correlated with antithy-
roid antibodies and poor thyroid functions. In
humans, serum levels of 1,25(0OH),D, were found
to be significantly lower in autoimmune than in
non-autoimmune hyperthyroidism. Patients with
autoimmune thyroid disease have been shown to be
deficient in vitamin D with genetic abnormalities in
their VDR. Studies have shown that a significant
number of patients with autoimmune Hashimoto’s
disease have VDR polymorphisms (43).

CONCLUSION

The main source of vitamin D comes from the
endogenous production in the skin after exposure
to ultraviolet B light. Vitamin D influences immune
system cells, particularly dendrites (D-cells). Vita-
min D may regulate the immune response. The ac-
tive form of vitamin D has immunosuppressive ac-
tions. Deficiencies of vitamin D interfere with
D-cell function and contribute to autoimmunity
Low levels of vitamin D in patients with autoim-
mune disease may be a result rather than a cause of
disease. Vitamin D deficiency may have a role in
the pathogenesis of systemic autoimmune diseases.

9. Deluca H.F.,, Cantorna M. Vitamin D: its role and uses in immunology.
FASEB J 2001; 15: 2579-85.

10. Kamen D.L., Tangpricha V. Vitamin D and molecular actions on the
immune system: modulation of innate and autoimmunity. J Mol Med
2010; 88: 441-50.

11. Hollis B.W., Wagner C.L. Normal serum vitamin D levels.

N Engl J Med 2005, 352: 515-16.

12. Holick M.F. Vitamin D deficiency. N Engl J Med 2007; 357: 266-81.

13. Adams J.S., Hewison M. Unexpected actions of vitamin D: new
perspectives on the regulation of innate and adaptive immunity.

Nat Clin Pract Endocrinol Metab 2008, 4: 80-90.

14. Adorini A., Penna G. Control of autoimmune diseases by the vitamin
D endocrine system. Nat Clin Pract Rheumatol 2008, 4: 404-12.

15. Kriegel M.A., Manson J.E., Costenbader K.H. Does vitamin D affect
risk of developing autoimmune disease?: a systematic review.
Seminars in Arthritis and Rheumatism 2011; 40: 512-31.



REevisTA MEDICALA ROMANA — VorumuL LXI, NRr. 1, An 2014

21

16. Marques C., Dantas A., Fragoso T., et al. The importance of vitamin
D levels in autoimmune diseases. Bras J Rheumatol 2010; 50: 73-80.

17. Cantorna M.T. Vitamin D and autoimmunity: is vitamin D status an
environmental factor affecting autoimmune disease prevalence?
Proc Soc Exp Biol Med 2000; 223: 230-3.

18. Pelajo C.F., Lopez-Benitez J.M., Miller L.C. Vitamin D and
autoimmune rheumatologic disorders. Autoimmun Rev 2010;

9: 507-10.

19. Szodoray P., Nakken B., Gaal J., et al. The complex role of vitamin
D in autoimmune diseases. Scand J immunol 2008; 68: 261-9.

20. Dowd J. Vitamin D: a missing link in autoimmunity. Advance for
Administrators of the Laboratory 2009; 18: 40-2

21. Adorini L., Penna G. Control of autoimmune diseases by the vitamin
D endocrine system. Nat Clin Pract Rheumatol 2008; 4: 404-12.

22. Arnson Y., Amital H., Shoenfeld Y. Vitamin D and autoimmunity: new
aetiological and therapeutic considerations. Ann Rheum Dis 2007;
66: 1137-42.

23. Orbach H., Zandman-Goddard G., Amital H., et al. Novel
biomarkers in autoimmune diseases: prolactin, ferritin, vitamin D, and
TPA levels in autoimmune diseases. Ann N Y Acad Sci 2007,

1109: 385-400.

24. Cutolo M., Otsa K. Review: vitamin D, immunity and lupus.
Lupus 2008; 17(1): 6-10.

25. Kamen D., Aranow C. Vitamin D in systemic lupus erythematosus.
Curr Opin Rheumatol 2008; 20: 532-7.

26. Diane L., Kamen D.L., Cooper G.S., Bouali H., Shaftman R., Hollis
B.W.,, Gilkeson G.S. Vitamin D deficiency in systemic lupus
erythematosus. Autoimmunity Reviews 2006; 5: 114-7.

27.Ruiz-Irastorza G., Gordo S., Olivares N., et al. Changes in vitamin
D levels in patients with systemic lupus erythematosus: effects on
fatigue, disease activity, and damage. Arthritis Care Res (Hoboken)
2010; 62: 1160-5.

28.Kamen D.L., Cooper G.S., Bouali H., et al. Vitamin D deficiency in
systemic lupus erythematosus. Autoimmun Rev 2006; 5: 114-17.

29. Ruiz-Irastorza G., Egurbide M.V., Olivares N., et al. Vitamin D
deficiency in systemic lupus erythematosus: prevalence, predictors
and clinical consequences. Rheumatology (Oxford) 2008; 47: 920-3.

30. Amital H., Szekanecz Z., Sziics G., et al. Serum concentrations of
25-OH vitamin D in patients with systemic lupus erythematosus (SLE)

are inversely related to disease activity: is it time to routinely
supplement patients with SLE with vitamin D? Ann Rheum Dis 2010;
69: 1155-7.

31. Wright T.B., Shults J., Leonard M.B., et al. Hypovitaminosis D is
associated with greater body mass index and disease activity in
pediatric systemic lupus erythematosus. J Pediatr 2009; 155: 260-5.

32. Cutolo M., Otsa K., Paolino S., et al. Vitamin D involvement in
rheumatoid arthritis and systemic lupus erythematosus.

Ann Rheum Dis 2009; 68: 446-7.

33. Costenbader K.H., Feskanich D., Holmes M., Karlson E.W.,
Benito-Garcia E. Vitamin D intake and risks of systemic lupus
erythematosus and rheumatoid arthritis in women.

Ann Rheum Dis 2008; 67(4): 530-5.

34.Wen H., Baker J.F. Vitamin D, immunoregulation, and rheumatoid
arthritis. JCR 2011; 17; 102-7.

35. Svoren B.M., Volkening L.K., Wood J.R., Laffel L.M.B. Significant
vitamin D deficiency in youth with type 1 diabetes mellitus.

Journal of Pediatrics 2009; 154: 132-4.

36. Hypponen E., Laara E., Reunanen A., Jarvelin M.R., Virtanen S.M.
Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study.
Lancet 2001; 358: 1500-3.

37.Raghuwanshi A, et al. Vitamin D and multiple sclerosis. Journal of
Cell Biochemistry 2008; 105: 338.

38. Pierrot-Deseilligny C. Clinical implications of a possible role of
vitamin D in multiple sclerosis. Journal of Neurology 2009; 256: 1468.

39. Weinstock-Guttman B., et al. Vitamin D and multiple sclerosis. The
Neurologist. 2012; 18: 179.

40. Hajas A., Sandor J., Csathy L., et al. Vitamin D insufficiency in a
large MCTD population. Autoimmun Rev 2011; 10: 317-24.

41. Cutolo M. Vitamin D or hormone deficiency in autoimmune rheumatic
disease, including undifferentiated connective tissue disease. Arthritis
Research & Therapy 2008; 10: 123.

42.Zold E., Szodoray P., Gaal J., et al. Vitamin D deficiency in
undifferentiated connective tissue disease. Arthritis Res Ther 2008;
10: R123.

43. Kivity S., Agmon-Levin N., Zisappl M., Shapira Y., Nagy E.V.,
Danké K., Szekanecz Z., Langevitz P., Shoenfeld Y. Vitamin D and
autoimmune thyroid diseases. Cell Mol Immunol 2011; 8(3): 243-7.



