54 Role of Vitamin D in Rheumatoid
Arthritis

Linda A. Merlino

Abstract Rheumatoid arthritis is an autoimmune disease that causes pain, swelling, and deformity of
the joints and may result in other systemic effects. In animal models, vitamin D has been shown to suppress
autoimmunity; however, in humans the role of vitamin D is less clear as to the effects on rheumatoid
arthritis. There do appear to be suppressive effects of specific disease mechanisms; however, epidemiologic
results on the effect of vitamin D on the development of the disease are contradictory. A better understanding
of the rheumatoid arthritis immune system and the effects of vitamin D is needed before conclusions can
be drawn.
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1. INTRODUCTION

Rheumatoid arthritis is an autoimmune disease, a disease in which the body iden-
tifies “self” as being foreign and initiates an attack on itself. Rheumatoid arthritis is
characterized by chronic, painful symmetrical joint inflammation, joint stiffness, syn-
ovial swelling, and deformed joints due to bone and cartilage destruction. The disease
may affect other organs and tissues in the body, such as the eyes and lungs. Rheumatoid
arthritis is a disease which has existed for thousands of years (/). The prevalence of
rheumatoid arthritis among the general population is slightly less than 1% (2). It is a
complex disorder in which both genetic and environmental factors contribute. Rheuma-
toid arthritis is more common in women, most often develops between the ages of 30—
50, and increases in prevalence with increasing age in both men and women. Potential
factors that have been identified as contributing to rheumatoid arthritis include smoking,
hormones (oral contraception use, pregnancy, lactation, hormone replacement therapy),
and viruses (3-5). The disease is characterized by periods of remission and flares. Addi-
tionally, rheumatoid arthritis has been associated with an increased mortality (6).
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2. RHEUMATOID ARTHRITIS DISEASE MECHANISM

The normal immune response is regulated so as not to perpetuate a reaction once a
foreign pathogen has been contained, as well as to have a “memory” for a pathogen
and a recognition of “self.” However, in rheumatoid arthritis, as with other autoimmune
diseases, the immune system is dysfunctional and continues the assault on the body’s
tissues. In the case of rheumatoid arthritis, the assault is concentrated in the synovium
of joints. What initiates and perpetuates the inflammation in rheumatoid arthritis and
other autoimmune diseases is very complex and not completely understood. However,
studying other autoimmune and inflammatory diseases as well as the constituents of
synovial tissue in established disease has provided insight into the disease mechanism
of rheumatoid arthritis.

2.1. Genetic Involvement

As a disease that has both genetic and environmental contributions, one genetic area
that has been identified as contributing to rheumatoid arthritis is the major histocompati-
bility complex (MHC) on chromosome 6. The MHC contains the human leukocyte anti-
gen (HLA) genes that have a role in antigen presentation in rheumatoid arthritis. These
genes have a function in the immune system for the recognition of “self” (7). One of the
antigen-presenting cells (APCs) expressing the MHC molecule is the dendritic cell. Mat-
uration of the dendritic cell has been shown to be inhibited by 1,25-dihydroxyvitamin
D3[1,25(0OH);,D] (8, 9). The genes for the vitamin D receptor (VDR), which is found in
the cells of the immune system, are located on chromosome 12 and have been associ-
ated with rheumatoid arthritis and bone loss (/0), osteoporosis (//), and disease severity
(12). The VDR is activated by 1,25(0OH),D and acts with other factors to alter the rate
of transcription in genes (§).

2.2. Rheumatoid Arthritis Inmune System Involvement

Rheumatoid arthritis involves a very complex mechanism that is not completely
understood, although it has been theorized that innate immune mechanisms may initiate
the disease which then proceeds to acquire adaptive immunity mechanisms that may
differ at each phase of the disease process (7). Promonocytes are cells made in bone
marrow, released into the blood as monocytes, and differentiated into macrophages or
dendritic cells and are associated with innate immunity. Macrophages can be concen-
trated in synovial tissue and osteoclasts and can mature into dendritic cells. Lympho-
cyte (B and T cells) cells are produced in bone marrow. B cells produce antibodies and
cells that differentiate along this line are considered a TH2 (T helper type 2) immune
response subtype. The T cells, on the other hand, get sensitized in the thymus and upon
presentation of antigens differentiate into helper, regulating, or suppressor cells, depend-
ing on the antigen. These are non-antibody producing and are associated with acquired
immunity. Cells that differentiate along this line are considered a TH1 (T helper type 1)
immune response subtype. Rheumatoid arthritis is a cell-mediated disease because of
the predominating effects of the TH1 immune response.
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Once the disease has been initiated in response to a pathogen, macrophages and
lymphocytes infiltrate the synovial tissue and produce pro-inflammatory cytokines and
chemokines which regulate the disease process that ultimately results in joint damage
(13). There are many regulatory factors and mediators involved in the disease mech-
anism that may activate or suppress multiple cellular structures (/4). The inflamma-
tory response and cytokine milieu has been an area of intense interest that has resulted
in treatments for the disease and helped lead to a better understanding of the disease
process.

T-cell immune responses have classically been described as differentiated into the
TH1 immune response subtype (cell-mediated immunity) or the TH2 subtype (antibody-
mediated immunity). Differentiation into the TH1 subtype, generally associated with
rheumatoid arthritis, is regulated by the interaction of naive CD4" T cells and antigen-
presenting cells (dendritic or macrophage) that express class II MHC molecules in the
presence of co-stimulatory molecules that stimulate macrophages, synovial fibroblasts,
and monocytes to produce cytokines (/5). The TH1 subtype results in the production
of the cytokines, IL-2, tumor necrosis factor a (TNFa), and interferon-y (INF-y) (16).
IL-12 produced by activated antigen-presenting cells is a necessary cytokine for the dif-
ferentiation into the TH1 subtype, whereas IL-4 is necessary for differentiation into the
TH?2 subtype (17). It has been theorized that TH1 cytokines prevent naive T cells from
differentiating into TH2 cells and thus prevent the release of cytokines that suppress the
inflammatory response (such as IL-4, IL-6, IL-10) (7).

More recently, another immune response subtype, classified as TH17, has been iden-
tified which produces inflammatory responses and cytokines more consistent with that
seen in rheumatoid arthritis (/8). This subtype also has considerable overlap with the
TH1 subtype (7/9). The cytokines IL-1B, IL-6, and IL-23 promote T-cell differentiation
into the TH17 subtype response. This new line of immune subtype response is important
because it has been found to be involved in the differentiation of cells and thus cytokines
that promote excessive osteoclast activity and helps explain the lack of INF-y and IL-2
in synovial joints (20). Osteoclast activity is inhibited by INF-y and enhanced by IL-17,
which is dependent on TH17 helper cells producing IL-17. Since INF-vy is produced with
the TH1 subtype, the inhibition of osteoclast activity is not consistent with that subtype
(21). Osteoclastogenesis is a normal function of bone resorption. However, the excessive
osteoclastogenesis associated with rheumatoid arthritis results in the bone destruction,
which is a hallmark of the disease. In addition to the above subtypes, naive T cells can
also differentiate into regulatory T cells (Treg) that regulate the helper T cells and can
have a role in immune tolerance (16).

3. VITAMIN D AND RHEUMATOID ARTHRITIS
3.1. Background

The effects vitamin D might exert in rheumatoid arthritis disease pathogenesis were
recognized in the early 1940s when it was noticed that patients with rheumatoid arthri-
tis were prone to an increased susceptibility to bone fractures (22). Vitamin D was also
used as a treatment for theumatoid arthritis (23). In 1974, a vitamin D deficiency in post-
menopausal women with rheumatoid arthritis who had suffered fractures compared with
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postmenopausal women with rheumatoid arthritis who had not suffered fractures was
reported (24). The disparity was attributed to a deficiency in the dietary consumption of
vitamin D as well as a lack of exposure to sun since the patients were housebound due to
their disease. Other studies showing similar effects were also reported (25). The use of
corticosteroids in the treatment of rheumatoid arthritis was also known to contribute to
corticosteroid-induced osteoporosis (26), with vitamin D often prescribed to prevent this
side effect. The foundation for the relationship of vitamin D with rheumatoid arthritis
was the recognition that many people with rheumatoid arthritis had problems with their
bone mineralization. In addition to these studies associated with rheumatoid arthritis,
studies of the effects of vitamin D on other diseases affected by immune system prob-
lems such as tuberculosis, sarcoidosis, multiple sclerosis, psoriasis, and cancer were
being reported (27, 28).

3.1.1. IMMUNE SYSTEM EFFECTS OF VITAMIN D
AND RHEUMATOID ARTHRITIS

Rheumatoid arthritis is a disease in which the immune system is aberrant. The find-
ing that rheumatoid arthritis patients had more receptors for 1,25(OH»)D in circulating
lymphocytes compared to controls established a link between the disease and vitamin D
(29). The discovery of receptors for 1,25(OH;)D in thymus and lymphocyte tissue (30)
and in activated lymphocytes (3/) provided further support for the idea that the immune
system had a role in the production of 1,25(OH»)D and that vitamin D was not just a
regulator of bone mineralization and calcium homeostasis.

Using the knowledge that vitamin D had a function with the immune system and
that rheumatoid arthritis resulted in bone and cartilage destruction, researchers looked
for vitamin D metabolites in the synovium in order to try and understand the function
of vitamin D in the pathogenesis of the disease. The fact that measureable amounts of
the vitamin D metabolites 24(OH)D and 24,25-(OH),D were obtainable from synovial
fluid and were also found in serum from patients with rheumatoid arthritis as well as
other rheumatic conditions (32) provided a starting point for assessing the vitamin D—
synovium relationship.

The synthesis of the active form, 1,25(OH;)D, in the synovial fluid of subjects with
inflammatory arthritis compared to those with non-inflammatory arthritis suggested that
macrophages appeared to be the source of production and thus played a role in the
inflammatory arthritis (33, 34). Since macrophages are found in abundance in synovial
tissue, these findings were significant in helping to try and determine the role of vitamin
D in the pathogenesis of rheumatoid arthritis. The finding that the enzyme 25-OHD3-la-
hydroxylase was expressed in a diverse distribution of tissue implied a role for peripheral
synthesis of vitamin D and likely modulation of the immune system (35).

Sophisticated tools were developed that allowed researchers to advance their under-
standing of the immune system at the molecular level. Additionally, concurrent research
conducted in other specialized fields provided insight into the mechanisms that might
be involved in the immune system and the actions of vitamin D. Some of this research
showed that an infiltration of T cells and macrophages, commonly found in synovial
tissue of rheumatoid arthritis patients, produced cytokines that were involved in the
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disease process. The association of vitamin D levels in synovial tissue with cytokine
production has also been studied with the report of significantly increased levels of vita-
min D metabolites in rheumatoid arthritis patients compared to osteoarthritis patients.
This finding strongly suggested an extra-renal synthesis of vitamin D in synovial tissues
which was stimulated by the pro-inflammatory cytokines IL-1 and/or IL-2 (36). IL-1
is also one of the macrophage-produced cytokines involved in the rheumatoid arthritis
disease process.

In the immune system, vitamin D stimulates macrophages and suppresses T lympho-
cytes (37). Vitamin D also downregulates the expression of MCH class II groups, thus
proliferation of T cells is decreased (38—42). In addition to vitamin D effects on several
cytokines, one action of T-cell suppression occurs due to the inhibitory effects on IL-
12 and IL-2 and INF production which suppress the TH1 subtype (43, 44). Vitamin D,
through effects on naive T cells, also promotes TH2 development (i.e., the subtype that
suppresses the rheumatoid arthritis inflammatory process) (45-53).

3.2. Joint Destruction in Rheumatoid Arthritis

With the immune actions of vitamin D in mind, studying the effects of vitamin D,
cytokines, and bone metabolism associated with rheumatoid arthritis was undertaken.
Postmenopausal women were divided into varying levels of disease severity. The results
showed that in women with high disease activity, low serum levels of 1,25(OH»)D were
inversely related to markers of T-cell activation, but this same marker had a positive cor-
relation with disease activity. Thus the researchers speculated that the increased binding
of 1,25(OH),D by the vitamin D receptor on activated T cells reduced serum levels of
1,25(OH),D. This study also found that the pro-inflammatory cytokine IL-6 was the
main determinant of increased bone resorption in postmenopausal women, thus con-
tributing to osteoporosis (54). IL-6 was also the cytokine cited as being involved in
synovial joint destruction (55).

Bones undergo a remodeling process in which osteoblasts form new bone tissue
and osteoclasts resorp old bone tissue. Bone remodeling usually occurs in a balanced
manner. The destruction of bone and cartilage in the joints of patients with rheuma-
toid arthritis has been the focus of much research in trying to understand the disease
and its process. Macrophages in the synovial joints may differentiate into dendritic
cells or osteoclasts. Excessive osteoclast activity (osteoclastogenesis) results in the bone
destruction, which is a hallmark of rheumatoid arthritis. Osteoclast activity is dependent
on TH17 helper cells producing IL.17 (217). In the rheumatoid synovial joint, in the pres-
ence of excessive levels of cytokines, osteoclast precursors differentiate into mature
osteoclasts, while they are also activated to produce cytokines that amplify the inflam-
matory response (56). The cytokine receptor activator necessary for osteoclast differ-
entiation (RANKL) is expressed on activated T cells. The pro-inflammatory cytokines
associated with rheumatoid arthritis can induce RANKL, thus initiating osteoclastoge-
nesis (57). 1,25(OH,)D along with the vitamin D receptor, is also a critical component
for osteoclastogenesis by stimulating RANKL which promotes osteoblast maturation
to osteoclasts and inhibits a decoy receptor for RANKL — osteopoteregin — which sup-
presses osteoclastogenesis (45). It is not too ill conceived, therefore, that an action of
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1,25(0OH»)D is a possible modulator of the disease mechanism involved in the TH17
immune response subtype in rheumatoid arthritis. However, future research will have to
elucidate that role.

3.3. Clinical, Animal, and Epidemiologic Studies of Vitamin D and
Rheumatoid Arthritis

The remissions and flares associated with rheumatoid arthritis have also been studied
in relation to further the understanding of the disease process. Women with rheumatoid
arthritis have reported remission of their symptoms during pregnancy which often flare
postpartum. An analysis of various cytokines and modulators of the immune system
was performed and found that cytokines and substances that suppress immune function
(IL-12, cortisol and 1,25-dihydroxyvitamin D3) were higher in the third trimester of
pregnancy compared to postpartum and TNFa (an immune function stimulator) was
lower in the third trimester and rebounded postpartum (58).

Since studies of other autoimmune conditions have shown a latitude effect with preva-
lence, and the fact that vitamin D levels fluctuate with seasons, researchers looked at
these issues as well as the relationship with rheumatoid arthritis severity. Latitude and
seasonal effects were observed in both winter and summer with the northern latitude
having lower serum levels of 25(OH)D in rheumatoid arthritis patients compared to con-
trols. Additionally, both patients and controls had lower levels in the winter compared
to the summer. However, mixed effects with regard to disease activity as measured by
a rating instrument were observed in this same study (59). A prospective cohort study
that followed over 83,000 nurses for 28 years reported on the geographic variation and
migration patterns of subjects with new on-set rheumatoid arthritis. Place of residence
at birth, age 15, and age 30 was assessed. Subjects living in the Western United States at
all time periods had the lowest risk for rheumatoid arthritis and those in the Midwest and
Northeast had the highest. One possible explanation was UV exposure, which stimulates
the production of vitamin D (60).

In a study using c-reactive protein levels as the measure of disease severity, the
c-reactive protein levels were worse for subjects with low levels of 1,25(OH3)D com-
pared to those with higher levels, whereas no relationship was seen for 25(OH)D. This
was true irrespective of whether subjects were taking corticosteroids or were not tak-
ing corticosteroids (61). Controlling for disease treatment and duration, similar results
were obtained in another study looking at vitamin D metabolism. This same study found
a seasonal difference in serum vitamin D levels (62). Patients with recently diagnosed
rheumatoid arthritis were also assessed for serum levels of 25(OH)D and 1,25(OH),D
and early disease activity. Mean levels of both vitamin D metabolites were lower for
patients satisfying American College of Rheumatology criteria for rheumatoid arthri-
tis. Patients deficient in 25(OH)D at baseline had worse disease activity and severity
at baseline and 1 year follow-up. 25(OH)D showed a stronger relationship than did
1,25(0OH),D for disease activity and severity (63).

Rodent models have produced supporting evidence showing the suppressive inflam-
matory effects of vitamin D in relation to theumatoid arthritis. Cantorna, who had stud-
ied the effects of the administration of vitamin D analogs in mice with experimental
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autoimmune encephalomyelitis (a multiple sclerosis-like disease), extended her stud-
ies to mice with collagen-induced arthritis (an inflammatory disease with similarities to
rheumatoid arthritis). The incidence of the arthritis in the mice treated with vitamin D
was reduced by 50% and those who did get arthritis had milder symptoms (64). Simi-
larly, in a study by Larsson, Mattsson et al. (65) they administered a vitamin D analog at
various time points to rats that were immunized to induce collagen arthritis. Collagen-
induced arthritis was inhibited in rats that were injected prior to or around the time of
immunization and in those that were administered the vitamin D analog after immu-
nization had a reduction in the severity of their disease. This study suggested that the
timing of exposure of vitamin D relative to the pathogen exposure was important on the
outcome. The animal studies further confirmed the suppressive effects of vitamin D on
the immune system.

Recognizing the benefits of vitamin D not only for bone mineralization but also
for suppression of immune activity, vitamin D has also been studied as a treatment
for rheumatoid arthritis. Administration of alpha calcidiol for 3 months resulted in an
improvement of disease activity in 89% of patients (66). Another assessment of the
nutritional status of patients with “general rheumatology” compared to patients with
osteoarthritis showed lower serum levels of 25(OH)D, suggesting that new guidelines
and greater attention to the assessment of nutritional status of rheumatology patients
with regard to vitamin D need to be enacted (67). Based on the lack of rheumatoid
arthritis prevalence in sub-Saharan Africans, McCarty advocated a vegan diet rich in
omega-3-rich fish, along with supplementation with vitamin D as a prevention strat-
egy for rheumatoid arthritis (68). Similar to the suggestions of the previous findings, a
review article on the topic suggested that a more widely advocated assessment of vita-
min D status and treatment in the clinical setting was warranted, given the weight of
evidence of low vitamin D status in rheumatoid arthritis patients and the potential ben-
efits of suppressing the immune response (69).

There are very few epidemiologic studies that have assessed the association between
vitamin D and rheumatoid arthritis. Two prospective cohort studies that have been pub-
lished have produced contradictory results. Both of these studies were based on self-
report of dietary intake of vitamin D. The lowa Women’s Health Study had 11 years of
follow-up of 29, 368 postmenopausal women who were over the age of 55 at baseline
and developed documented rheumatoid arthritis after baseline. This study found a pro-
tective association with increasing levels of dietary/supplemental vitamin D intake but
did not include any measures of sun exposure (70). The Nurses” Health Study had 22
years of follow-up of 186,389 women who were aged 30-55 at baseline and developed
documented rheumatoid arthritis after baseline. This study did not find any effect of
dietary/supplemental vitamin D intake and did include a proxy measure for sun expo-
sure early in life (7). A third study from Amsterdam that measured serum levels of
25(OH)D in blood samples of 79 patients and matched controls collected prior to onset
of rheumatoid arthritis looked at the association of serum levels of vitamin D and newly
diagnosed cases of rheumatoid arthritis. They looked at three timeframes prior to onset
and found no association with the development of rheumatoid arthritis when compared
to matched controls (72). Studies on the relationship of vitamin D in the etiology of
rheumatoid arthritis are contradictory and need further investigation.
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Vitamin D has a role in specific mechanisms of the immune system of rheumatoid
arthritis patients. However, a comprehensive understanding of the individual mecha-
nisms on the complete activation of the immune system is not clear. There are multiple
possible areas of action in which vitamin D may impact on the pathogenesis of rheuma-
toid arthritis, especially given the extensive effects of this hormone. Vitamin D has been
shown to suppress T-cell activity through several actions and to modulate cytokines
that can alter the course of the disease. Whether the effects of vitamin D are limited
to disease severity/progression or have a role in the etiology is not completely clear.
Ongoing research is leading to a better understanding of the immune system with regard
to theumatoid arthritis. The knowledge gained will provide better information, in the
future, on the role of vitamin D in the pathogenesis of rheumatoid arthritis.
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