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Abstract. The environment In which the encounter of antigen with the Immune system
occurs determines whether tolerance, Infectious Immunity, or autoimmunity results.
Geographical areas with low supplies of vitamin 0 (for example Scandinavia) correlate
with regions with high Incidences of multiple sclerosis, arthritis, and diabetes. The
active form of vitamin 0 has been shown to suppress the development of autoimmu-
nity In experimental animal models. Furthermore, vitamin 0 deficiency Increases the
severity of at least experimental autoimmune encephalomyelitis (mouse mUltiple scle-
rosis). Targets for vitamin 0 In the Immune system have been Identified, and the
mechanisms of vitamin D-medlated Immunoregulatlon are beginning to be under-
stood. This review discusses the possibility that vitamin 0 status Is an environmental
factor, which by shaping the Immune system affects the prevalence rate for autoim-
mune diseases such as multiple sclerosis, arthritis, and juvenile diabetes.
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T
he immune system is able to distinguish between
foreign invaders (bacteria and viruses) and the "self'
body tissues in normal, healthy individuals. Autoim-

mune diseases result when the immune system inappropri-
ately attacks self tissues. Although autoimmune diseases
may occur in any organ, some tissues are more frequently
affected than others. Examples of three prevalent autoim-
mune diseases include juvenile diabetes or insulin-
dependent diabetes mellitus (IDDM), multiple sclerosis
(MS), and rheumatoid arthritis (RA). In IDDM, the auto-
immune targets are the islet beta cells in the pancreas, in MS
the targets are the myelin-producing cells in the central
nervous system (eNS), and in RA the targets are the colla-
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gen-producing cells in the joints. For each of these diseases
there is a strong genetic component underlying prevalence
(i.e., they occur most frequently in people with a blood
relative who also has the disease). There are also a number
of ill-defined environmental factors that contribute to the
etiology of IDDM, MS, and RA. The possibility that vita-
min D status is an environmental factor affecting the preva-
lence of IDDM, MS, and RA is explored in this review.

Vitamin D Status in IDDM, MS, and RA

There is a large body of anecdotal information suggest-
ing a link between MS and vitamin D status. Epidemiologi-
cal studies show that MS is more prevalent in temperate
high latitudes than at equatorial latitude (1). The environ-
mental factor that explains the link between geography and
MS has been extremely elusive. However, in 1974, Gold-
berg first suggested that the amount of vitamin D available
in the environment either from sunshine exposure or from
the diet might affect the prevalence of MS (2). Ultraviolet
irradiation of the skin is a major source of vitamin D, and
the prevalence of MS is lower in regions where vitamin D
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Figure 1. Cytokines that regulate Th cell differentiation. Arrows ~
represent cytokines that are positive regulators, and lines -l repre-
sent cytokines that inhibit or are negative regulators of Th cell de-
velopment.

Vitamin D and the Immune System
The identification of vitamin D receptors (VDR) in

peripheral blood mononuclear cells sparked the early inter-
est in vitamin D as an immune system regulator (22, 23).
The classical functions of vitamin D are in the regulation of
calcium homeostasis and thus bone formation and resorp-
tion. However, it has recently been shown that the active

develop EAE following injection with CNS proteins like
myelin basic protein (MBP). EAE is mediated by CD4 + T
cells, and more specifically type-I helper (Thl) cells that
recognize proteins in the CNS (17). MBP-specific Th I cells,
which make interleukin (IL)-2, interferon (IFN)-')', and tu-
mor necrosis factor (TNF-a), and are isolated from para-
lyzed mice, transfer disease when injected into naive mice
(Fig. I) (17). Conversely, transfer of type-2 helper (Th2)
cells specific for CNS proteins (make IL-10 and IL-4) sup-
press EAE in mice (18, 19). Normally the immune response
is a balanced one in which both Thl and Th2 cells are
activated. In EAE there is a skewed immune response with
many Th I cells and few Th2 cells. Many experimental
therapies aim to correct this imbalance either by suppress-
ing/eliminating Th1 cells or by stimulating Th2 cells
(18-20).

IL-4 regulates the development of CD4 + Th lympho-
cyte subsets by stimulating precursor cells to mature into
Th2 cells while inhibiting the generation of Th 1 cells (Fig.
1) (21). Conversely, IL-12 expression stimulates precursor
(ThO) cells to mature into Thl cells while inhibiting the
generation of Th2 cells (Fig. I) (21). The production of
other cytokines such as transforming growth factor (TOF)-
131, and IFN-')' has also been shown to affect the develop-
ment of Th cell subsets in vitro and in vivo. The microen-
vironment in which the ThOcell develops determines which
Th subset predominates. Factors that are known to direct the
differentiation of ThO cells include antigen dose, route of
antigen administration, and the antigen-presenting cells. All
of these factors are thought to act by changing the cytokine
milieu present during antigen stimulation.
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Animal Models of Autoimmunity
The development of animal models for MS, diabetes,

and arthritis have increased our understanding of the auto-
immune disease process. In these model systems, T lym-
phocytes orchestrate the attack against self-tissue (10). T
cells are thymus-derived cells that are characterized by their
ability to discriminate among antigens. The discriminatory
ability of T cells is what normally prevents autoimmunity.
For reasons that are not fully understood, people and ani-
mals with autoimmune disease have many T cells that rec-
ognize self tissues. In particular, a subset of T cells called
the T-helper (Th) cells that express the CD4 marker on their
surface have been shown to transfer experimental autoim-
mune encephalomyelitis (EAE, mouse MS), and diabetes to
naive mice (II, 12). Furthermore, CD4 + cell depletion
eliminates symptoms of EAE, diabetes, and arthritis in mice
(13-15). Although there are certainly important differences
in the etiology of EAE, arthritis, and diabetes, T cells drive
all of these diseases; therefore, for the purpose of this re-
view, EAE will be used as the example.

EAE has been employed extensively to determine the
efficacy of pharmacological agents that may be of ultimate
use in the treatment of MS (16). Susceptible strains of mice

is abundant as in sunny climates and high altitudes. In ad-
dition, areas with diets rich in fish oil, a major dietary
source of vitamin D, have lower incidence of MS (1, 2).
Conversely, areas with low supplies of vitamin D correlate
with geographic regions associated with a high risk for MS
(1,2).

The geographic distribution for MS is now sufficiently
well established that any satisfactory theory of its etiology
must account for the geographic variations. Although the
geographic distributions of IDDM and RA are not clearly
delineated, there are also suggestive geographic variations
for the prevalence of juvenile diabetes and arthritis (3, 4).
Generally RA and juvenile diabetes are more prevalent in
higher latitudes than in the latitudes of the tropics and sub-
tropics (3, 4). In addition, there is seasonal variation in
IDDM with the largest proportion of IDDM cases diagnosed
during fall-winter and the lowest during the summer (3).
Sunlight exposure and vitamin D status are highest in the
summer and lowest during the fall and winter in the north-
ern latitudes (5). Whether these suggestive geographic and
seasonal anomalies are linked to vitamin D status is pres-
ently unknown.

Vitamin D deficiency or insufficiency has been docu-
mented in MS, IDDM, and RA patients (6-9). Vitamin D
status is most often assessed because of reduced bone mass
or osteopenia in these patients. It is unclear whether vitamin
D insufficiency is a cause or a result of autoimmunity and/or
corticosteroid therapies, which are commonly used to treat
these patients (6-9). Vitamin D supplements have been used
in MS, RA, and IDDM patients to improve bone mineral
density, but the effects of these supplements on the under-
lying autoimmune diseases have not been explored.
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Figure 2. A model for the development of ~E (I~ft) in,the absence
of vitamin 0 and (right) in the presence of Vitamin 0 IS presente~.
The hypothesis is that vitamin 0 regulates Th~1I develop":!ent ei-
ther by negatively regulating Th1 cells or by POSltIV~1y regulating Th2
cells or, the most likely scenario, both by regulating Th1 and Th2
cells.
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Summary

Vitamin D is one of many potential new therapies for
MS, arthritis, and juvenile diabetes. The appeal of vitamin D
therapy for these diseases is in the possibility of concomi-
tantly reducing autoimmunity and building stronger bones.
The potential for vitamin 0 deficiency to exacerbate symp-
toms of MS, arthritis, and diabetes warrants further inves-
tigation. If vitamin 0 deficiency is occurring at a higher rate
in autoimmune disease patients, then appropriate supple-
mentation may be indicated. Similarly, in patients with os-
teopenia, there is a clear and rational reason to suggest
vitamin 0 treatment. Bone loss and osteopenia are two of
the most crippling side effects of standard corticosteroid
therapy (er9). The most serious side effect of vitamin D
treatment is hypercalcemia, which itself can be lethal.
Therefore, caution is warranted in the use of vitamin 0 as a
treatment for MS, RA, and 100M, but so is further inves-
tigation into the possible connections between vitamin 0
status and autoimmune diseases.
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form of vitamin 0 (1,25-(OHh03) profoundly affects im-
mune responses. In vivo, 1,25-(OHh03 supplementation
prevents EAE and arthritis development (24, 25), and in-
jected 1,25-(OHh03 has been shown to prolong the time to
the development of murine 100M (26). Furthermore, vita-
min 0 deficiency has been shown to increase the suscepti-
bility of mice to EAE (24). In vitro, 1,25-(OH)203 inhibits
T-cell proliferation and decreases the production of the Th1
cytokines IL-2, IFN--y, and TNF-a (27). In vivo, 1,25-
(OHh03 injections were shown to inhibit the Thl-driven
delayed-type hypersensitivity response (28, 29). The targets
of vitamin 0 in the immune system have begun to be iden-
tified, and one vitamin 0 target is the Th1 cell that causes
EAE.

Vitamin 0 may be a physiological regulator of T-cell
development. In vitro, 1,25-(OHh03 has been shown to be
a differentiation factor for monocytes and other cell types
including tumor cells (30). In T cells, 1,25-(OH)203 seems
to preferentially downregulate type-I helper (Thl) cells
both by decreasing proliferation and decreasing cytokine
secretion (31). Furthermore, 1,25-(OHh03 decreases IL-l2
production, and IL-12 is 'an important T-cell differentiation
factor (Fig. l) (32). In vivo 1,25-(OHh03 treatment in-
creased the proportion of antiencephalitogenic Th2 cyto-
kines IL-4 and TGF-J31 (33). In the absence of vitamin 0,
EAE developed more rapidly as compared with vitamin
D-sufficient mice (24). Figure 2 shows a model of the de-
velopment of EAE in the absence and presence of vitamin
O. It seems probable that vitamin 0 is a factor that shapes
the development of the T-cell compartment and therefore
the development of EAE.

The molecular mechanisms underlying cytokine-
driven, Th-cell differentiation are beginning to be under-
stood and include the differential induction of a number of
transcription factors including Stat 1, Stat 4, Stat 6, and
GATA-3 in Thl and Th2 cells (34-36). The identification of
VORs in Th cells suggests that vitamin 0 is likely to have
a role in either the function or the development of Th cells.
The molecular 1,25-(OHh03 regulation of IL-2 and IL-12
has been studied. For cells that secrete IL-2 or IL-12, regu-

232 VITAMIN D AND AUTOIMMUNITY



tabolism and bone mineralization in children with juvenile rheumatoid
arthritis. J Pediatr 124:910-916. 1994.

10. Wraith DC. McDevitt HO. Steinman L. Acha-Orbae H. T-cell recog-
nition as the target for immune intervention in autoimmune disease.
Cell 57:709-715. 1989.

II. Haskins K. McDuffie M. Acceleration of diabetes in young NOD mice
with CD4+ islet-specific T cell clone. Science 249:1433-1436. 1990.

12. Lemire JM. Weigle WOo Passive transfer of experimental allergic
encephalomyelitis by myelin basic protein-specific L3T4+ T cell
clones possessing several functions. J ImmunoI137:3169-3174. 1986.

13. Koike T. Itoh Y. Tatsuko I, Ito I. Takabayashi K. Maruyama N.
Tomioka H. Yoshida S. Preventive effect of monoclonal anti-L3T4
antibody on development of diabetes in NOD mice. Diabetes 36:539-
541. 1987.

14. Waldor MK. Sriram S. Hardy R. Herzenberg LA. Herzenberg LA.
Lanier L. Lim M. Steinman L. Reversal of experimental allergic en-
cephalomyelitis with monoclonal antibody to a T-cell subset marker.
Science 227:415-417. 1985.

15. Ranges GE. Sriram S. Cooper SM. Prevention of type II collagen-
induced arthritis by in vim treatment with anti-L3T4. J Exp Med
162: 1105-1110. 1985.

16. Bolton C. Recent advances in the pharmacological control of experi-
mental allergic encephalomyelitis (EAE) and the implications for mul-
tiple sclerosis treatment. Mult Scler 1:143-149. 1995.

17. Holda JH. Swanborg RH. Autoimmune effector cells II. Transfer of
experimental allergic encephalomyelitis with a subset of T lympho-
cytes. Eur J Immunol 12:342-344. 1982.

18. Liblau RS. Singer SM. McDevitt HO. Thl and Th2 CD4+ T cells in
the pathogenesis of organ-specific autoimmune diseases. Immunol To-

day 16:34-38. 1995.
19. Correale J. Gilmore W, McMillan M. Li S, McCarthy K. Le T. Weiner

LP. Patterns of cytokine secretion by autoreactive proteolipid protein-
specific T-cell clones during the course of multiple sclerosis. J Immu-
nol 154:2959-2968. 1995.

20. Racke MK. Bonomo A. Scott DE. Cannella B. Levine A. Raine CS.
Shevach ES. Rocken M. Cytokine-induced immune deviation as a
therapy for inflammatory autoimmune disease. J Exp Med 180: 1961-

1966.1994.
21. Coffman RL. Varkila K. Scott P, Chatelain R. Role of cytokines in the

differentiation of CD4+ T-cell subsets in vim. Immunol Rev 123: 189-

207. 1991.
22. Bhalla AK, Amento EP. Clemens TL. Holick MF. Krane SM. Specific

high-affinity receptors for 1.25-dihydroxyvitamin D) in human periph-
eral blood mononuclear cells: Presence in monocytes and induction in
T lymphocytes following activation. J Clin Endocrinol Metab

570:1308-1310.1983.
23. Provvedini DM. Tsoukas CD, Deftos U. Manolagas SC. \,25-

dihydroxyvitamin D3 receptors in human leukocytes. Science

221:1181-1183. 1983.
24. Cantorna MT. Hayes CEo DeLuca HF. 1.25-dihydroxyvitamin D3 re-

versibly blocks the progression of relapsing encephalomyelitis. Proc
Nail Acad Sci USA 93:7861-7864. 1996.

25. Cantorna MT. Hayes CEo DeLuca HF. 1.25-dihydroxyvitamin D3 pre-
vents and ameliorates symptoms in two experimental models of human
arthritis. J Nutr 128:68-72. 1998.

26. Mathieu C. Waer M. Laureys J. Rutgeerts O. Bouillon R. 1.25-
dihydroxyvitamin D3 prevents insulitis in NOD mice. Diabetes
41:1491-1495. 1994.

27. Lemire JM. Immunomodulatory role of 1.25-dihydroxyvitamin D3• J
Cell Biochem 49:26-31. 1992.

28. Lemire JM. Adams JS. 1.25-dihydroxyvitamin D3 inhibits the passive
transfer of cellular immunity by a myelin basic protein-specific T-cell
clone. J Bone Miner Res 7:171-177. 1992.

29. Lemire JM. Archer DC. 1.25-dihydroxyvitamin DJ prevents the in vivo
induction of murine experimental autoimmune encephalomyelitis. J
Clin Invest 87:1103-1107. 1991.

30. DeLuca HF. The vitamin D story: A collaborative effort of basic
science and clinical medicine. FASEB J 2:224-236. 1988.

31. Lemire JM. Archer DC. Beck L. Spiegelberg HL. Immunosuppressive
actions of 1.25-dihydroxyvitamin D): Preferential inhibition of Thl
functions. J Nutr 125:1704S-1708S. 1995.

32. D'Ambrosio D. Cippitelli M. Cocciolo MG. Mazzeo D. Di Lucia P,
Lang R. Sinigaglia F. Panina-Bordignon P. Inhibition of IL-12 pro-
duction by 1.25-dihydroxyvitamin D3: Involvement of NF-KB down-
regulation in transcriptional repression of the p40 gene. J Clin Invest
101:252-262. 1998.

33. Cantorna MT. Woodward B. Hayes CEo DeLuca HF. 1.25-
dihydroxyvitamin DJ is a positive regulator for the two antiencepha-
litogenic cytokines TGF-J31 and IL-4. J Immunol 160:5314-5319.
1998.

34. Murphy KM. Ouyang W. Szabo SJ. Jacobson NG. GuIer ML. Gorham
10. Gubler U. Murphy TL. T-helper differentiation proceeds through
Stat l-defendant, Stat-l-dependent, and Stat4-independent phases. Curr
Top Microbiol Immunol 238:13-26. 1999.

35. Kaplan MH. Grusby MJ. Regulation ofT-helper cell differentiation by
STAT molecules. J Leukoc Bioi 64:2-5. 1998.

36. Ouyang W. Ranganath SH. Weindel K. Bhattacharya D. Murphy Tl.,
Sha WC. Murphy KM. Inhibition of Thl development mediated by
GATA-3 through an IL-4-independent mechanism. Immunity 9:745-
755. 1998.

37. Alroy I. Towers TL. Freedman LP. Transcriptional repression of the
interleukin-Z gene by vitamin D3: Direct inhibition of NFATp/AP-l
complex formation by a nuclear hormone receptor. Mol Cell BioI
15:5789-5799. 1995.

38. Takeuchi A. Reddy GS. Kobayashi T. Okano T. Park J. Sharma S.
Nuclear factor of activated T cells (NFAT) as a molecular target for
la, 25-dihydroxyvitamin Dj-mediated effects. J Immunol 160:209-
218,1998.

39. Ross TK. Darwish HM. DeLuca HF. Molecular biology of vitamin D
action. In: Litwack G. Ed. Vitamins and Hormones. San Diego: Aca-
demic Press. Vol 49:pp281-326. 1994.

VITAMIN D AND AUTOIMMUNITY 233


