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INTRODUCTION: VITAMIN D 
 

Vitamin D is a lipid soluble hormone that acts on numerous tissues within the body.   

Technically speaking it is not a vitamin, but a prohormone; however, it is still commonly referred 

to as a vitamin.   Vitamin D is generally absent from the food supply with little in both plants and 

animals (Deluca, 2004).  Most of the vitamin D in the body comes from a photolytic process in 

the skin using cholesterol derivatives.  Vitamin D is produced by both the epidermis and by 

absorption in the intestines from primarily fortified dairy products.  There are two major forms of 

vitamin D.  Vitamin D2, also called ergocalciferol, is formed by UV irradiation of ergosterol in 

plants (Bikle, 2007).      Vitamin D3, or cholecalciferol, is more potent and produced by the UV 

irradiation of 7-dehydrocholesterol in the skin of animals (Bikle, 2007).  The major difference 

between the two forms is the presence of a double bond between C22 and C23 and a methyl 

group on C24 for vitamin D2 (Figure 1) (Bikle, 2007).     

 

 

  Vitamin D2     Vitamin D3 

Figure 1: Structure of vitamin D2 and vitamin D3. (Stryer, 1995) 
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The metabolism of vitamin D3 converts it into a biologically active hormone (Figure 2).  

Both liver and kidney metabolism is required for this conversion.  First, 7-dehydrocholesterol is 

photolyzed by UV radiation to from pre-vitamin D3.  Pre-vitamin D3 spontaneously isomerizes 

into vitamin D3.  Next, in the liver vitamin D3 is hydroxylated to 25-hydroxyvitamin D3 (25-

(OH)D3).  25-(OH)D3 is the most prominent form of vitamin D3 found in the blood (Bikle, 2007).  

In the kidney, a second hydroxylation forms 1,25-dihydroxyvitamin D3 (1,25-(OH)2D3) or 24,25-

dihydroxyvitamin D3 (24,25-(OH)2D3) in a strictly regulated reaction that depends on the 

conditions (Malluche et al., 2007).  1,25-(OH)2D3 production is increased under low calcium, 

phosphate and the presence of parathyroid hormone (Barthel et al., 2007).  High calcium and 

phosphate increases production of the other metabolite 24,25-(OH)2D3.  The enzyme responsible 

for the second hydroxylation has been found in other tissues besides the kidneys including the 

intestines, epidermis, macrophages, prostate, pancreas, breast, and the parathyroid gland 

(Reichrath et al., 2007).   

The biological effects of vitamin D3 are generally produced by genomic mechanisms in 

which vitamin D3 acts on a variety of tissues that contain the vitamin D receptor (VDR) 

(Reichrath et al., 2007).  However, only the active metabolite 1,25-(OH)2D3 is able to bind this 

nuclear receptor, which acts as a transcription factor (Barthel et al., 2007).  Almost all organs 

have been shown to contain VDRs that bind 1,25-(OH)2D3.  This causes a conformational change 

that allows VDR to partner with a retinoic acid receptor (RXR).  This complex then binds to 

vitamin D response elements (VDRE’s) in the nuclear DNA, as well as coactivators that link 

VDRE’s to transcription start sites (Bikle, 2007).  Thus, vitamin D3 acts genomically by changing 

gene transcription within cells.  The VDR controls the transcription of at least 50 known genes 

responsible for multiple actions depending on the tissue, including cell cycle arrest, 

differentiation, apoptosis and anti-angiogenesis (Bikle, 2007). 
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Figure 2: Major pathway for the metabolism of vitamin D3 within the body (modified from 
Bouillon et al., 1995).  

 

 The major role of vitamin D3 is in calcium homeostasis and bone metabolism. In bone 

metabolism vitamin D3 together with parathyroid hormone increases calcium re-absorption by 

activating the proteins involved in calcium absorption (Deluca et al., 2001).  Due to these 

activated proteins calcium and phosphorus concentrations increase in the plasma providing 

conditions necessary to support bone mineralization (Deluca et al., 2001).  During periods of 

little dietary calcium intake, vitamin D3 aids in mobilizing calcium by interacting with osteoblasts 
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(DeLuca, 2004).  These osteoblasts induce receptor activator nuclear factor-κB ligand, which 

further activates osteoclastogenesis and causes bone resorption (DeLuca, 2004).  The major 

disease caused by vitamin D deficiency is Rickets. Children with this disease have softened 

bones sometimes leading to deformation (DeLuca, 2004).  In the early twentieth century 

researchers learned about the advantages of vitamin D3 supplementation in patients with rickets, 

nearly eliminating the disease from non-developing countries. 

Other physiological roles of active vitamin D3 include growth and differentiation of cells 

in multiple tissues (Reichrath et al., 2007).  These include prostate, keratinocytes and breast cells. 

In keratinocytes, low concentrations of 1,25-(OH)2D3 have been shown to stimulate cell 

proliferation in vitro, while inhibition occurs after high concentration supplementation 

(Gniadecki, 1996).  This is accomplished by altering the transcription of genes involved in 

proliferation.  In prostate tissue it was found that the addition of 1,25-(OH)2D3 to prostate led to 

the inhibition of proliferation and invasiveness in both animal and cell-based studies of the 

disease (Bonjour et al., 2007).  This control of proliferation has led researchers to believe that 

vitamin D3 may act as an anti-cancer agent.   

The role of vitamin D3 in immune modulation has become an emerging topic in recent 

years.  This has been particularly as a result of finding that immune cells contain both the 

hydroxylase enzyme responsible for activating 25-(OH)D3 to 1,25-(OH)2D3, as well as the VDR 

receptor (Reichrath et al., 2007; Cantorna, 2006).   Vitamin D3 has been found to inhibit 

maturation of dendrites, suppress stimulation of major histocompatibility complex II (MHC-II) 

molecules (Reichrath et al., 2007), and regulate the proliferation and differentiation of B cells 

(Chen et al., 2007).   In addition, vitamin D3 has been found to affect immune function by 

increasing the production of regulatory-T cells and decreasing the activation of TH1-cells 

allowing for the maintenance of a crucial T-cell balance (Cantorna, 2006).   Over-activation of 



  5 of 27 

TH1 cells has been implicated in autoimmune disease, so consequently much research has gone 

into the effects of vitamin D3 deficiency on autoimmune diseases (Cantorna, 2006).   Multiple 

sclerosis is one such disease. 

 
VITAMIN D3 AND MULTIPLE SCLEROSIS  
 
 Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous 

system (Lassmann et al., 2007).  It is a complex neurodegenerative disease for which the cause 

and pathogenesis remain largely unknown.  There are three types of MS: relapsing-remitting, 

primary progressive, and secondary progressive.  Relapsing-remitting is the most common type 

of MS, and is often followed after several years by secondary progressive MS (Lassmann et al., 

2007).  Symptoms of MS include spasticity, weakness, fatigue, cognitive dysfunction, 

depression, bladder dysfunction, bowel dysfunction, sexual dysfunction, and pain (Crayton and 

Rossman, 2006).  Severity of symptoms varies widely; some patients show only mild symptoms 

over many years, while others require a wheelchair within the first year of diagnosis (Gregory et 

al., 2007).  The disease is most commonly diagnosed in young adulthood and is two to three 

times more prevalent in females than males (Gregory et al., 2007). 

 The pathology of MS is currently described as an inflammatory process, which is 

associated with demyelination of white matter in the brain and spinal cord causing lesions.  

However, more recent evidence suggests that it is more complex than this, as progressive MS 

involves neurodegeneration in some lesions that is independent of inflammation (Lassmann et al., 

2007).  Most active lesions are accompanied by a disturbance of the blood brain barrier, localized 

expression of proinflammatory cytokines, chemokines, and their receptors, and recruitment of T 

cells, activated macrophages, and microglia (Lassmann et al., 2007).  While it is not known for 
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certain, it is believed that the inflammation observed in MS is the consequence of an autoimmune 

process (Noseworthy et al., 2000). 

It is hypothesized that both genetics and environmental factors play a role in the risk for 

developing MS.  Two loci have been linked to increased risk of developing MS, human leukocyte 

antigen (HLA) (Smestad et al., 2007) and interleukin 7 receptor α chain (IL7R) (Gregory et al., 

2007).  Twin studies have shown that there is a 25.3% chance of both monozygote twins 

developing MS, while in dizygote twins the concordance is only 2.9% (Willer et al., 2003).    

This implicates genetics in playing a role in MS risk, but not as the sole contributor.  

 Infection with Ebstein-Barr virus (EBV) has also been found to increase risk of 

developing multiple sclerosis.  Ascherio and Munch (2000) showed that the odds ratio of an EBV 

seropositive patient developing MS compared to an EBV seronegative patient was 13.5 (95% CI 

= 6.3-31.4).  Alotaibi et al. (2004) found a similar trend in pediatric MS patients, with 83% 

showing evidence of EBV compared to 42% in the control population. 

 Another environmental factor that MS strongly correlates with is latitude and the duration 

and intensity of sunlight.  Average annual hours of sunshine and average December solar 

radiation are both strongly and inversely correlated with MS (Ascherio and Munger, 2007).  In 

addition, monozygote twin studies have shown that increased sun exposure during childhood 

activities results in protection against MS within the twin pair (Islam et al., 2007).  Why this 

correlation with sunlight exists is uncertain; however, the most widely accepted hypothesis is that 

it is linked to the amount of vitamin D3 circulating in the body (Ascherio and Munger, 2007). 

 There is a growing amount of evidence in the literature that vitamin D3 can reduce both 

the risk and severity of MS.  In a study performed in the United States, Munger et al. (2006) 

showed that increasing levels of 25-(OH)D3 significantly reduced to the risk of MS.  A similar 

study in Australia showed that while there was a high prevalence of vitamin D3 deficiency in both 
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MS patients and controls, increased disability in MS patients was strongly correlated with 

reduced sun exposure and 25-(OH)D3 in the blood (Van der Mei et al., 2007).  In a third study, 

Soilu-Hanninen et al. (2005) found that in relapsing-remitting MS patients 25-(OH)D3 levels 

were lower during times of relapses than during periods of remission. 

 It has also been noted that there is a significant difference in the frequency of VDR 

polymorphisms in MS patients.  Two VDR alleles (named Taq and Apa variants after the 

restriction enzymes used to identify them) were found to be in strong and significant linkage 

disequilibrium in MS patients (Tajouri et al., 2005).  The disequilibrium was most apparent in 

primary progressive MS patients.  It was suggested by the authors that these polymorphisms 

could affect the affinity of vitamin D3 for its receptor, thus altering its activity within the immune 

system.  

Based on the hypothesis that MS is an autoimmune disease, the research supporting the 

role of vitamin D3 in immune system modulation, and the evidence correlating vitamin D3 

deficiency with MS, it has been predicted that vitamin D3 supplementation could be used as a 

treatment to decrease both the risk of developing MS and the severity of its symptoms.  Current 

research is now focusing on the mechanisms by which vitamin D3 reduces the inflammation 

associated with the development and increase severity of the disease.  The following two studies 

by Pedersen et al. (2007) and Cohen-Lahav et al. (2007) investigated the pathways involved in 

the anti-inflammatory action of the activated vitamin D3 metabolite 1,25-(OH)2D3 using an 

animal-model and cell-based study respectively.  
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HOW DOES VITAMIN D3 REDUCE INFLAMMATION IN NEURODEGENERATIVE 
DISEASE? 
 
Animal Study (Pederson et al, 2007) 
 

Experimental Autoimmune Encephalomyelitis (EAE) Mouse Model of MS: Pederson et al. 

(2007) explored the mechanisms by which 1,25-(OH)2D3 reduced inflammation in the CNS using 

the EAE mouse model for MS.  EAE is one of the most commonly used models of immune 

disease (Baxter, 2007).  It is induced by injecting the mouse with brain-specific antigens mixed 

with dead bacteria, which results in the creation of antibodies that specifically target the CNS 

causing demyelination and inflammation (Baxter, 2007).  CD4+ TH1 myelin-specific T cells and 

macrophages are the most prominent immune cells found in the resulting lesions and are 

therefore implicated in initiating the disease (Friese et al., 2006)  Several different models exist 

that differ based on the CNS antigen utilized.  In MS models, the most commonly used antigens 

are myelin basic protein (MBP), proteolipoprotein (PLP), myelin oligodendrocyte glycoprotein 

(MOG), myelin associated glycoprotein (MAG), and S-100 protein (Sriram and Steiner, 2005). In 

this study EAE was induced with pertussis toxin mixed with MBP isolated from guinea pig spinal 

cord. 

Experimental Design:  It was hypothesized that 1,25(OH)2D3 reduced inflammation by 

inhibiting chemokine synthesis, nitric oxide (NO) synthesis, and inflammatory cell recruitment.  

To test this hypothesis, mice with induced EAE were injected with 200ng of 1,25-(OH)2D3, as 

well as fed a diet supplemented with 100ng/day of 1,25-(OH)2D3.  The authors used PCR, RNAse 

protection assays, and immunostaining to quantify the amount of chemokines, inducible nitric 

oxide synthase (iNOS), and arginase transcripts present at various time points from spinal cord 

samples.  In addition, monocyte recruitment and amount of CD4+ T cell apoptosis was measured.  

All results were compared to those of a control group not given 1,25-(OH)2D3. 
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Results:  Within 48 hours of injection with 1,25-(OH)2D3, a decline in clinical disease 

could be observed in the EAE/1,25-(OH)2D3  mice.  This decline was found to be proceeded by a 

reduction of chemokines in CNS lesions.  Chemokines are molecules responsible for the 

recruitment of inflammatory cells.  Six hours post-treatment EAE/placebo and EAE/1,25-

(OH)2D3 mice had comparable levels of chemokines present in spinal cord RNA samples.  At 18 

hours post-treatment  levels of CXCL10, CCL2, and CCL3 had begun to decrease in the 

EAE/1,25-(OH)2D3 mice, and by 24 hours post-treatment were 85% lower (P<0.02), 80% lower 

(P<0.02) and 88% lower (P<0.001) respectively compared to the EAE/placebo group.  In addition 

the amount of CCL4 and CXCL2 was also reduced.  CXCL10, CCL2, CCL3 are believed to play 

important roles in attracting T cells and macrophages to EAE and MS lesions, while CXCL2 

attracts neutrophils.  Similar results were not observed in cultured monocytes from EAE mice 

treated with 1,25-(OH)2D3.  This indicated that 1,25-(OH)2D3 did not have a direct effect on 

chemokine synthesis and must therefore rely on other CNS cells for its anti-inflammatory action. 

Another factor that plays a role in immune cell recruitment is the permeability of the 

blood brain barrier.  In cases of MS and EAE, the blood brain barrier is believed to be more 

permeable to inflammatory cells than in normal individuals due to increased nitric oxide (NO) 

production.  The enzyme responsible for NO production is iNOS.  At 6 hours post-treatment with 

1,25-(OH)2D3, the amount of iNOS was equivalent in EAE/placebo and EAE/1,25-(OH)2D3 mice.  

However, at 24 hours post-treatment iNOS concentrations had decreased by 87% (P<0.01) in 

EAE/1,25-(OH)2D3 mice, while no change was observed in the EAE/placebo mice. 

Monocyte recruitment to CNS lesions was also found to decrease in EAE/1,25-(OH)2D3 

mice.  This was predicted to be a result of the reduced amount of chemokines and iNOS in the 

CNS.  After 24 hours the EAE/1,25-(OH)2D3 mice had 92% (P<0.01) fewer CFSE+CD11b+ 
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monocytes in the spinal cord and 30% fewer (P<0.05) in the spleen compared to EAE/placebo 

mice.  These reduced levels were comparable to those observed in healthy control mice. 

  CD4+ TH1 cells levels were also measured and found to decrease prior to chemokine and 

iNOS reduction.  Therefore, it was hypothesized that CD4+ TH1 cells were destroyed by inducing 

apoptosis.  At 7 hours post-treatment it was found that the number of apoptotic CD4+ TH1 cells 

was 2-fold higher in EAE/1,25-(OH)2D3 mice compared to EAE/placebo mice and by 18 hours 

post-treatment the number of CD4+ TH1 cells present had reduced by 63% (P<0.05).  IFN-γ levels 

were also found to decrease by 52%, confirming the loss of IFN-γ-producing CD4+ TH1 cells. 

 One method to induce apoptosis is by the production of arginase.  Arginase is an enzyme 

that depletes L-arginine in the cell.  Arginine starvation results in the production of peroxynitrite 

by iNOS, which is toxic to the T cell signaling for apoptosis.  At 6 hours post-treatment arginase 

transcripts had increased 2.5-fold in the EAE/1,25-(OH)2D3 mice compared to the EAE/placebos.  

Therefore, it was predicted that this could be the mechanism by which CD4+ TH1 cell apoptosis 

was induced. 

Critical Analysis of Results:  The results of this paper suggest that the anti-inflammatory 

action of 1,25-(OH)2D3 results from stimulating a two-part anti-inflammatory pathway (Figure 

3).  In an early response, T cells were sensitized to apoptosis signals, which were hypothesized to 

be driven by arginine starvation and peroxynitrite formation.  These events were later followed 

by a decrease in chemokines and iNOS, which reduced monocyte recruitment to the CNS lesions.  

These results provide valuable insight into how vitamin D3 reduces inflammation in the CNS.  

However, pieces of the puzzle are still missing.  For example, it was shown that chemokine levels 

in cultured monocytes from EAE spinal cords did not decrease in the presence of 1,25-(OH)2D3.  

Therefore, it is believed that other CNS-cells play an important role in 1,25-(OH)2D3-mediated 

reduction of inflammation; however, these cells and their roles have yet to be identified. 
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A. Early (6-7 hrs post-treatment)     B. Late (18-24 hrs post-treatment) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Hypothesized anti-inflammatory pathways observed in the CNS of EAE mice treated 
with 1,25-(OH)2D3.   
 

This research could have implications in treating other autoimmune inflammatory 

diseases such as diabetes, arthritis, and inflammatory bowel syndrome.  In fact, similar results 

were observed in the NOD mouse model for diabetes.  Decallonne and Mathieu (2003) reported 

that treated of NOD mice with 1,25-(OH)2D3 increased apoptosis of  T cells in the pancreas.  

Treatment with 1,25-(OH)2D3 was also shown to decrease CCL2, CCL5, and CXCL10 

expression in pancreatic β-cells of NOD mice leading to reduced T cell recruitment (Giarratana et 

al., 2004).  The effect of this chemokine reduction on monocyte recruitment was not investigated.  

When treated with 1,25-(OH)2D3 within the first 14 weeks of life, diabetes could be prevented in 

the NOD mice (Giarratana et al., 2004). 

The results obtained using the EAE model strongly support the claim that vitamin D3 

supplementation can decrease the severity of multiple sclerosis by reducing CNS inflammation, 

and are supported by similar results obtained for 1,25(OH)2D3-mediated anti-inflammatory action 
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in the NOD model for diabetes.  However, one must take a critical look at the experimental 

design and question whether similar results would be observed in humans.  There is much 

controversy existing in the literature as to whether or not EAE is a valid model for MS, 

particularly when it comes to investigating therapeutic treatments. 

There are several key differences between EAE and MS (Sriram and Steiner, 2005).  

Firstly, in EAE lesions are found predominately in the lumbar spinal cord, while in MS there are 

more lesions in the brain stem, optic nerves, perventricular area, cortical mantle and upper 

cervical cord.  Secondly, in MS demyelination has been observed in the absence of inflammation, 

which has not been seen in EAE.  Thirdly, CD4+ T cells and macrophages are the predominant 

immune cells in EAE cellular infiltrate, while in MS CD8+ T cells and macrophages predominate.  

Fourthly, EAE must be induced, while MS is a spontaneous disease.  Finally, antibodies to 

myelin antigens are present in cerebral spinal fluid of mice with EAE, while in MS such 

antibodies are infrequent (Sriram and Stiener, 2005). 

In addition, while over one hundred potential therapies for MS have been identified and 

proven effective in EAE models (Sriram and Stiener, 2005), only three of these therapies 

(glatiramer acetate, mixoxantrone and natalizumab) have been approved by the FDA as safe and 

effective for treating MS (Baxter, 2007).  Natalizumab was later pulled off the market due to a 

rare but severe side effect called progressive multifocal leukencephalopathy, an opportunistic 

infection of the CNS (Friese et al., 2006).  Therefore, it would appear that the pathology of EAE 

and MS are not as similar as once thought.  While some researchers argue that EAE should not be 

used as an experimental model for MS (Sriram and Stiener, 2005), the majority of scientific 

community recognize it as a useful model for preliminary studies when appropriate critical 

analysis is utilized to identify the limitations (Baxter, 2007; Steinman and Zamvil, 2006; Friese et 

al., 2006; Gold et al., 2006).  It is proposed that the model is most useful when used to further 
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investigate observations made in studies of humans with MS (Steinman and Zamvil, 2006).  Such 

is the case in this paper, in which the EAE model was used to follow up on the observation that 

1,25-(OH)2D3 reduced the severity of clinical symptoms in patients with MS. 

Recent attempts to “humanize” the EAE model have resulted in improving it to create a 

more MS-like pathology.  Transgenic mice have been created to include human MHC-II, as well 

as the T-cell receptor from a MS patient’s myelin-specific TH1 clone (Gregersen et al., 2004).   

These mice show more lesions in the brainstem compared to the traditional EAE model, as well 

as have a 4% incidence of spontaneous disease.  In addition, other variations have been made to 

the EAE model to produce versions for modeling optic neuritis, relapsing-remitting MS, and 

progressive MS (Steinman and Zamvil, 2006).  It has also been predicted that the use of human 

haematopoietic stem cells to reconstitute the immune system of mice may improve the model and 

its usefulness in identifying therapeutic treatments for MS (Friese et al., 2006).  The authors of 

this paper should consider using some of these newer models to confirm their results, as well as 

to determine whether 1,25-(OH)2D3 has the same effects in reducing inflammation in both 

relapsing-remitting and progressive types of models.  There is also the need to create a model that 

better represents the high recruitment of CD8+ cells to MS lesions (Gold et al., 2006), to support 

the proposed mechanism by which vitamin D3 reduces inflammation in human patients. 

Despite the drawbacks of using EAE as a model, this research does make a significant 

contribution to the literature in suggesting how 1,25-(OH)2D3 reduces inflammation.  The fact 

that vitamin D deficiency has been linked to increased risk and severity of MS in patients 

supports that similar results may be observed in humans.  Further investigation is now required to 

determined how chemokine and iNOS synthesis is reduced and to confirm the mechanism by 

which apoptosis is induced.  In the next study presented, the authors determined that 1,25-

(OH)2D3 initiated a pathway in macrophages that resulted in a decrease of NFκB translocation to 



  14 of 27 

the nucleus (Cohen-Lahav et al., 2007).  NFκB is a transcription factor that plays an important 

role in initiating the transcription of inflammatory genes including chemokines and iNOS, as well 

as inhibiting apoptosis (Escarcega et al., 2007).  Therefore a decrease in NFκB could be used to 

explain the results observed in this study. 

 
In Vitro Cell-Based Study (Cohen-Lahav et al., 2007) 
 

TNFα produces a pro-inflammatory cascade when activated.  Previously, Cohen-Lahav et 

al. (2001) found a down-regulation of TNFα mRNA and protein after the addition of 1,25-

(OH)2D3 or its analogue 1,24-dihydroxyvitamin D2 (1,24-(OH)2D2) to macrophages resulting 

from a decrease in NFκB activity.  The following paper investigated the processes leading to 

reduced NFκB activity in the macrophage cell line P388D1.  

Macrophages as a Model for the Anti-inflammatory Action of Vitamin D:  Macrophages 

are important for the initiation and propagation of the immune response.  They produce numerous 

activated molecules including tumour necrosis factor (TNFα), which act to modulate the immune 

system (Hakim and Bar-Shavit, 2003).  In macrophages, TNFα is dependent upon the 

transcription factor NFκB (Figure 4).  For NFκB to be activated IκB must dissociate from it.   

After dissociation, IκB proteins undergo a three step process of degradation where they are 

phosphorylated, ubiquinated and finally degraded by a proteasome.  This normally prevents its 

accumulation and inhibition.  In order to activate TNFα chemically, lipopolysaccharide (LPS) can 

be added.  LPS causes protein phosphorylation leading to increased TNFα production.  Over-

activated TNFα is found in a number of inflammatory diseases; therefore, a treatment to decrease 

TNFα could provide a strong anti-inflammatory therapeutic. 
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Figure 4: Tumour necrosis factor pathways in macrophages (Chen and Goeddel, 2002). 

 

 

 
 
Figure 5: IκB degradation and activation of NFκB.(Ghosh et al., 1999) 
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Experimental Design:  To test the mechanism of reduced NFκB activity that causes 

decreased TNFα, the levels of IκBα were analyzed.  To determine the amount of IκBα after 

vitamin D3 treatment, P388D1 cells were treated with either 1,25-(OH)2D3 or the analogue 1,24-

(OH)2D2.  Next, a known TNFα inducer LPS was added to the cells.  The protein levels of IκBα 

were measured using Western Blot analysis.  IκBα mRNA quantities were determined by RNA 

extraction using the RNeasy Mini Kit and RT-real time PCR amplifications with specific primers.   

The translocation of NFκB in macrophages after 1,25-(OH)2D3 /1,24-(OH)2D2 treatment 

was determined by collecting cytoplasmic, whole-cell, and nuclear extracts.  Western blotting 

was used to analyze the protein levels in each extract.  RT-PCR was used to determine the NFκB-

p65 mRNA levels in support of the protein levels. 

IκBα half-life after 1,25-(OH)2D3 /1,24-(OH)2D2 treatment was analyzed by RT-PCR of 

P388D1 cells to which actinomycin D was added.  Actinomycin D blocks RNA synthesis.  

Finally, the effect of treatment on IKK activity was examined by measuring the amount of 

phospho-IκBα produced using Western Blot analysis.  

Results: After treatment with 1,25-(OH)2D3 or 1,24-(OH)2D2 IκBα protein levels 

increased approximately 4.5 times in comparison to LPS.  Real time PCR showed an increase of 

6.5 times for the IκBα mRNA levels.  IκBα release and degradation is required for NFκB 

translocation and activation.  Therefore, after supplement treatment the increase in IκBα was 

hypothesized to reduce the release and lower translocation of NFκB.   

The upregulation of IκBα by vitamin D3 and its analogue decreased the nuclear 

translocation of NFκB.  In comparison to LPS, lower levels of NFκB were present in the nuclear 

extracts than cytoplasmic extracts as determined by Western Blot.  Protein levels did not change 

in the total lysate.  RT-PCR of NFκB-p65 mRNA confirmed protein levels did not change.  This 

furthers the idea that the increase in IκBα protein and mRNA leads to more inhibition of NFκB 
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translocation and a decrease in TNFα levels.  The authors found the decrease was not due to 

reduced NFκB content because the supplements had no effect on the amount of total protein.    

IκBα-mRNA stability was increased by 1,25-(OH)2D3 and its analogue as viewed by an 

increase in half-life from 110 to 190 minutes.  Also, phospho-IκBα was reduced after treatment.  

The upregulation of IκBα was determined to be due to decreased phosphorylation of IκBα protein 

because of lower IKK activity and greater stability of IκBα mRNA.  Therefore, IκBα expression 

appears to be upregulated by at least two different methods. 

Finally, the addition of 1,24-(OH)2D2 as an analogue was tested and provided equivalent 

results to 1,25-(OH)2D3.  The analogue has increased benefits because it is not as hypercalcemic 

and therefore a better candidate to treat inflammatory diseases.   

Critical Analysis of Results:  The results of this paper provide evidence to support the 

claim that the active metabolite of vitamin D3 and its analogue act in an anti-inflammatory 

fashion within macrophages.  The metabolite acts by down-regulating NFκB and decreasing 

TNFα.  Cohen-Lahav et al. (2007) found that increased IκBα-mRNA half-life and decreased 

phospho-IκBα protein led to reduced NFκB.  However, the authors only identified two areas, 

increased mRNA stability and decreased phosphorylation of IκBα, which led to TNFα inhibition.  

There may be other methods of modulation due to TNFα regulation via different pathways that 

should be analyzed.  Largely, this research supports the claim that 1,25-(OH)2D3 plays a role not 

only in bone homeostasis, but also macrophage regulation.  In relation to the autoimmune disease 

MS, down-regulation of TNFα may lead to decreased inflammatory cascades and could 

potentially aid in the repression of MS symptoms or prevent the disease from developing.         

The anti-inflammatory effects of 1,25-(OH)2D3 on other cells, tissues and animals have 

been analyzed in the literature and there appears to be contradictory results.  Hakim and Bar-

Shavit (2003) found an increase in TNFα in bone marrow macrophages after supplementation 
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with 1,25-(OH)2D3.  Their analysis suggested that TNFα was increased by a transcriptional 

mechanism, but provided no detailed hypotheses.  Similar results were obtained by Hakim and 

Bar-Shavit (2003) using an in vivo mouse model.  It appears that the cytokine modulation by 

1,25(OH)2D3 differs even between similar cell types.  

In a study by Guilietti et al. (2006) monocytes from diabetic patients were determined to 

have upregulated inflammatory cytokines including TNFα.   Upon addition of 1,25-(OH)2D3 the 

relative amount of TNFα decreased drastically.  One hypothesis for the differing responses to 

1,25(OH)2D3 by various cells may be due to the maturation status of the cells (Hakim and Bar-

Shavit, 2003).  After treatment, immature cells including many bone marrow cells generally 

increase pro-inflammatory cytokine production.  On the other hand, mature cells including 

peritoneal macrophages may experience a decrease in cytokine production.  These contradictory 

results help to underline the importance of either producing a more specific analogue for 

therapeutic treatment and better understanding its action within multiple cells and tissues in the 

body. 

Because the active vitamin D3 metabolite has potential therapeutic benefits the authors 

also analyzed the action of its analogue 1,24-(OH)2D2.  The use of an analogue for therapy is 

advantageous because 1,25-(OH)2D3 causes hypercalcemia at high concentrations (Peleg et al., 

2002). Hypercalcemia is caused when calcium intestinal absorption and mobilization is increased 

due to illness (or in this case a hormone) and can lead to a variety of problems within the body 

depending on severity.  Calcium plays a major role in the functioning of the central nervous 

system.  Symptoms of hypercalcemia include weakness, loss of muscle reflex, and decreased 

stamina (Edelson and Kleerekoper, 2006).  Also, the heart does not function properly and 

increased calcium can lead to appetite loss, nausea, and vomiting along with other serious 

symptoms (Edelson and Kleerekoper, 2006).  This has been one of the drawbacks of using 
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vitamin D3 supplementation in MS patients since its use for anti-inflammatory purposes is likely 

to require unsafe, large doses.  Therefore, finding less calcemic analogues is an attractive 

alternative to allow for safe use of this therapy.    

In this study, one analogue was tested; however, there are other novel analogues that may 

provide similar or better results and should be considered.  Daniel et al. (2005) tested the 

analogue 22-ene-25-oxa-vitamin D.  They found it was also less calcemic and had similar effects 

as 1,25-(OH)2D3 when added to human peripheral blood mononuclear cells (PBMCs) (Daniel et 

al., 2005).  They tested regulation of TNFα, as well as interleukin-10 and IL-4 cytokines, and 

found a marked decrease in both TNFα and the interleukins after treatment (Daniel et al., 2005).  

The vitamin D3 analogues tested so far all show similar regulation of anti-inflammatory 

pathways; however, these constructs show no specificity to bodily tissues.  Further investigation 

into the use of an analogue that is specific to a certain tissue within the body could be 

advantageous by having increased efficacy and fewer side effects.     

Cohen-Lahav et al. (2007) utilized a cell-based study for their analyses.  The use of cell-

based studies is generally limited, but provides a good starting point for investigations.  Cell-

based studies take less time than whole animal or clinical trials and the supplement can be 

directly added to the cells.  Also, direct analysis of the response is easily done because no other 

factors have changed.  However, a potential problem is that cells isolated in tissue culture do not 

always behave the same as in vivo.  More studies using in vivo models as demonstrated in the 

previous paper by Pederson et al. (2007) may provide more applicable results for use in therapy, 

particularly as the roles and effects on other cells and tissues are not ignored.  

There were a few other problems specific to the methods of the paper.  First the P388D1 

cell line utilized is a macrophage-like cell line isolated from methylcholanthrene-induced 

lymphoid neoplasm of a DBA/2 mouse (Koren et al., 1975).  They have been experimentally 
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shown to possess most, if not all, the characteristics of macrophages (Koren et al., 1975).  The 

authors of this paper generalized macrophages as the equivalent to P388D1, which may not be 

the case.  In a study by Overberg et al. (2000) both murine macrophages isolated directly from 

mice and the cell line P388D1 were investigated.  They found similar data, but quantities were 

greatly reduced in the isolated macrophages indicating that the cell line may provide higher 

amounts of inflammatory products (Overberg et al., 2000).  These exaggerated results highlight 

the importance of in vivo testing.  Macrophages in a human may behave differently and the 

affectivity of 1,25-(OH)2D3 or an analogue on these cells may be lessened.   

Real-time PCR is used frequently to analyze the amount of mRNA produced.  However, 

to be accountable this technique requires stringent optimization including normalization to a 

housekeeping gene (Guilietti et al., 2001).  It is often difficult to compare the samples accurately 

due to interassay variability, which becomes a major problem when carrying out multiple 

samples.   While real-time PCR is often preferred because it is more sensitive than ELISA, if 

used improperly contradictory and incorrect results are easily obtained.   

Despite the drawbacks in regards to methods and lack of variety, the authors were still 

able to find a strong positive correlation between NFκB inhibition and a decrease in TNFα in the 

cell line P388D1.  This provides a basis for which future studies could expand on.  Experiments 

revealed IκBα mRNA and protein levels were upregulated due to increased mRNA stability and 

reduced phosphorylation.  This hindered NFκB translocation and protein distribution was shifted 

from the nuclear fraction to the cytoplasmic fraction.  Also, the less calcemic 1,24-(OH)2D2 

analogue was found to act similarly to 1,25-(OH)2D3 and could therefore be further investigated 

as a safer option than vitamin D3 as treatment for MS.  In the future different in vitro and in vivo 

analyses should be conducted to check the effects of 1,24-(OH)2D2 and 1,25-(OH)2D3 on 
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different tissues and cells within the body.  Also, the testing of different analogues may provide 

more options towards therapeutic applications in the future.  

 
SUMMARY OF IMPORTANT IMPLICATIONS OF STUDIES 
 

The research shown in these two papers suggests a possible mechanism by which vitamin 

D3 supplementation could lead to reduced inflammation.  While the papers by Pedersen et al. 

(2007) and Cohen-Lahav et al. (2007) investigated different potential anti-inflammatory 

pathways, these two pathways complement each other and could be connected.  Pedersen et al. 

(2007) determined that 1,25-(OH)2D3 increases apoptosis of TH1 cells and suggested arginine 

starvation was responsible for the additional activation of apoptotic signals.  They also found that 

chemokines and iNOS were down-regulated resulting in reduced monocyte recruitment.  Cohen-

Lahav et al. (2007) determined that 1,25-(OH)2D3 up-regulated IκBα, which prevented the 

translocation of NFκB from the cytoplasm to the nucleus.  This resulted in decreased expression 

of TNFα.  The possible connection between these two papers is that NFκB also plays an 

important role in initiating the transcription of inflammatory genes including chemokines and 

iNOS, as well as in inhibiting apoptosis.  Therefore, the down-regulation of NFκB identified by 

Cohen-Lahav et al. (2007) could also be responsible for the observations made by Pedersen et al. 

(2007). 

These two studies effectively show how two different methods (animal models and cell 

based studies) can be used to approach the same question.   At the same time they demonstrate 

that no one method is optimal for displaying the entire picture.  When different studies and 

experimental approaches are put together they can complement each other and overcome the 

disadvantages of using one method alone.   The more research that is done in regards to the anti-
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inflammatory actions of vitamin D3, the better understanding investigators will gain on how this 

mechanism occurs. 

The findings of these studies support the hypothesis that vitamin D3 supplementation 

reduces the risk and severity of MS by showing that 1,25-(OH)2D3 decreases inflammation.  

While it is not known for certain whether the anti-inflammatory pathways observed in the EAE 

animal model or in tissue culture after treatment with 1,25-(OH)2D3 are the same responses that 

would be observed in human patients, the results do support a possible mechanism to explain the 

inverse correlation between vitamin D3 and risk and severity of MS.  Based on the widely 

accepted hypothesis that MS is an autoimmune disease caused by an over-active immune 

response, it is logical that compounds that down-regulate the immune system and inflammation 

could decrease risk of its development and severity of symptoms.  It is concluded that the use of 

vitamin D3 supplementation for treatment and prevention of MS holds great potential and that 

further research should be pursued in this area. 

As it appears that vitamin D3 acts on the autoimmune aspect of MS, this research could 

also have important applications in treating other autoimmune diseases.  Vitamin D3 

supplementation has been correlated with a decreased risk of developing rheumatoid arthritis 

(Cutolo et al., 2007), inflammatory bowel disease (Cantorna, 2006), and type-1 diabetes 

(Hypponen et al., 2001).  It has also been shown to reduce pro-inflammatory cytokines and 

increase anti-inflammatory cytokines in chronic inflammation found in cardiovascular disease 

(Schwalfenberg, 2007).  In vivo mice models for diabetes and inflammatory bowel disease have 

correlated increased vitamin D3 with reduced inflammation associated with these diseases and 

their symptoms (Gysemans et al., 2005; Cantorna, 2006).  In addition, studies have shown a 

correlation between polymorphisms in the enzyme that activates vitamin D3 and susceptibility to 

type-1 diabetes (Baily et al., 2007). 
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In conclusion, vitamin D3 is believed to decrease the risk and severity of MS by 

decreasing or inhibiting the inflammation associated with the disease.  It is proposed that vitamin 

D3 supplementation could be used as prevention and treatment of MS; however, further research 

is still required to determine if the anti-inflammatory pathways activated in EAE mice and 

cultured macrophages are similar in humans and to find analogs that are safer to use in high 

doses. 

 
 
REFERENCES 
 
Alotaibi, S., Kennedy, J., Tellier, R., Stephens, R., and Banwell, B.  (2004).  Epstein-Barr Virus 

in Pediatric Multiple Sclerosis.  JAMA 291: 1875-1879. 
 
Ascherio, A., and Munch, M. (2000).  Epstein-Barr virus and multiple sclerosis.  Epidemiology 

11: 220-224. 
 
Ascherio, A., and Munger, K.L.  (2007).  Environmental Risk Factors for Multiple Sclerosis. Part 

II: Noninfectious Factors.  Ann Neurol 61: 504-513. 
 
Baily, R., Cooper, J.D., Zeitels, L., Smyth, D.J., Yang, J.H.M., Walker, N.M., Hypponen, E., 

Dunger, D.B., Ramos-Lopez, E., Badenhoop, K., Nejentsev, S., and Todd, J.A.  (2007).  
Association of the Vitamin D Metabolism Gene CYP27B1 with Type 1 Diabetes.  Diabetes 
56: 2616-2621. 

 
Barthel, T. K., Mathern, D.R., Whitfield, G.K., Haussler, C.A., Hopper, H. A., Hsieh, J., Slater, 

S.A., Hsieh, G., Kaczmarska, M., Jurutka,P.W., Kolek, O.I., Ghishan, F. K., and  Haussler, 
M.R. (2007).  1,25-Dihydroxyvitamin D3/VDR-mediated induction of FGF23 as well as 
transcriptional control of other bone anabolic and catabolic genes that orchestrate the 
regulation of phosphate and calcium mineral metabolism.  J Steroid Biochem 103:381-8.  

 
Baxter, A.G.  (2007).  The origin and application of experimental autoimmune encephalomyelitis.  

Nat Rev Immunol 7: 904-912. 
 
Bikle, D.D. (2007).  What is new in vitamin D: 2006-2007. Curr Opin Rheumatol 19: 383-388. 
 
Bonjour, J.P., Chevally, T., and Fardellone, P. (2007).  Calcium intake and vitamin D metabolism 
and action, in healthy conditions in prostate cancer. Brit J Nutr 97: 611-616. 
 
Bouillon, R., Okamura, W.H., and Norman, A.W. (1995). Structure-function relationships in the 

vitamin D endocrine system. Endocr Rev 16: 200-257. 
 



  24 of 27 

Cantorna, M.T. (2006).  Vitamin D and its role in immunology: Multiple sclerosis, and 
inflammatory bowel disease. Prog Biophys Mol Bio 92: 60-64. 

 
Chen, G.Q., and Goeddel, D.V. (2002).  TNF-R1 signaling: A beautiful pathway. Science 296: 

1634-1635. 
 
Chen, S., Sims, G.P., Chen, X.X., Gu, Y.Y., Chen, S., and Lipsky, P.E.  (2007).  Modulatory 

effects of 1,25-dihyroxyvitamin D3 on human B cell differentiation.  J Immunol 179: 1634-
1647.   

 
Cohen-Lahav, M., Douvdevani, A., Chaimovitz, C., and Shany, S. (2007).  The anti-

inflammatory activity of 1,25-dihydroxyvitamin D3 in macrophages. J Steroid Biochem 
103: 558-562. 

 
Crayton,  H.J., and Rossman, H.S. (2006).  Managing the symptoms of multiple sclerosis: a 

multimodal approach.  Clin Ther 28: 445-460. 
 
Cutolo, M., Otsa, K., and Uprus, M., Paolino, S., and Seriolo, B. (2007).  Vitamin D and 

rheumatoid arthritis. Autoimmun Rev 7: 59-64.  
 
Daniel, C., Schlauch, T., Zugel, U., Steinmeyer, A., Radeke, H.H., Steinhilber, D., and Stein, J. 

(2005).  22-ene-25-oxa-vitamin D: A new vitamin D analogue with profound 
immunosuppressive capacities. Eur J Clin Invest 35: 343-349. 

 
Decallonne, B., and Mathieu, C.  (2003).  Defective Activation-Induced Cell Death in NOD T 

Lymphocytes: 1,25-Dihydroxyvitamin D3 Restores Defect.  Ann NY Acad Sci 1005: 176-
177. 

 
Deluca, H.F. (2004).  Overview of general physiologic features and functions of vitamin D1-4. Am 

J Clin Nutr  80: 1689S-1696S. 
 
Deluca, H.F., and Cantorna, M.T. (2001).  Vitamin D: Its role and uses in immunology. FASEB J 

15: 2579-2585. 
 
Edelson, G.W., and Kleerekoper, M. (1995).  Hypercalcemic crisis. Med Clin North Am 79: 79-

92. 
 
Escarcega, R.O., Fuentes-Alexandro, S., Garcia-Carrasco, M., Gatica, A., and Zamora, A.  

(2007).  The Transcription Factor Nuclear Factor-kappa B and Cancer.  Clin Oncol 19: 154-
161. 

 
Friese, M.A., Montalban, X., Willcox, N., Bell, J.I., Martin, R., and Fugger, L.  (2006).  The 

value of animal models for drug development in multiple sclerosis.  Brain 129: 1940-1952. 

Ghosh, G., Huang, D.B., and Huxford, T. (1999).  Structural insights into NF-kappaB/IkappaB 
singaling. Gene Ther Mol Biol 5:75-82.  



  25 of 27 

Giarratana, N., Penna, G., Amuchastegui, S., Mariani, R., Daniel, K.C., and Adoorini, L.  (2004).  
A Vitamin D Analog Down-Regulates Proinflammatory Chemokine Production by 
Pancreatic Islets Inhibiting T Cell Recruitment and Type 1 Diabetes Development.  J 
Immunol 173: 2280-2287. 

 
Gniadecki, R. (1996).  Stimulation versus inhibition of keratinocyte growth by 1,25-

dihydroxyvitamin D-3: Dependent on cell culture conditions. J Invest Dermatol 106: 1212-
1217. 

 
Gold, R., Linington, C., and Lassmann, H.  (2006).  Understanding pathogenesis and therapy of 

multiple sclerosis via animal models: 70 years of merit and culprits in experimental 
autoimmune encephalomyelitis research.  Brain 129: 1953-1971. 

 
Gregersen, J.W., Holmes, S., and Fugger, L.  (2004).  Humanized animal models for autoimmune 

diseases.  Tissue Antigens 63: 383-394. 
 
Gregory, S.G., Schmidt, S., Seth, P., Oksenberg, J.R., Hart, J., Prokop, A., Caillier, S.J., Ban, M., 

Goris, A., Barcellos, L.F., Lincoln, R., McCauley, J.L., Sawcer, S.J., Compston, D.A.S., 
Dubois, B., Hauser, S.L., Garcia-Blanco, M.A., Pericak-Vance, M.A., and Haines, J.L. 
(2007).   Interleukin 7 receptor α chain (IL7R) shows allelic and functional association with 
multiple sclerosis.  Nat Genet 39: 1083-1091. 

 
Guiletti, A., Overbergh, L., Valckx, D., Decallonne, B., Bouillon, R., and Mathieu, C. ( 2001). 

An overview of real-time quantitative PCR: Applications to quantify cytokine gene 
expression. Methods 25: 386-401. 

 
Guilietti, A., Van Etten, E., Overbergh, L., Stoffels, F., Bouillon, R., and Mathieu, C. (2007).  

Monocytes from type 2 diabetic patients have a pro-inflammatory profile 1,25-
dihydroxyvitamin D3 works as anti-inflammatory. Diabetes Res Clin PR 77: 47-57. 

 
Gysemans, C.A., Cardozo, A.K., Callewaert, H., Giulietti, A., Hulshagen, L., Bouillon, R., 

Eizirik, D.L., and Mathieu, C.  (2005).  1,25-Dihydroxyvitamin D3 Modulates Expression 
of Chemokines and Cytokines in Pancreatic Islets:  Implications for Prevention of Diabetes 
in Nonobese Diabetic Mice.  Endocrinology 146: 1956-1964. 

 
Hakim, I., and Bar-Shavit, A. (2003).  Modulation of TNFα expression in bone marrow 

macrophages: Involvement of vitamin D response element. J Cell Biochem 88: 986-998. 
 
Hypponen, E., Laara, E., Reunanen, A., Jarvelin, M.R., and Virtanen, S.M.  (2001).  Intake of 

vitamin D and risk of type 1 diabetes: a birth-cohort study.  Lancet 358: 9292-9295. 

Islam, T., Gauderman, W.J., Cozen, W., and Mack, T.M.  (2007).  Childhood sun exposure 
influences risk of multiple sclerosis in monozygotic twins. Neurology 69: 381-388. 

Koren, H.S., Handwerger, B.S., and Wunderlich, J.R. (1975).  Identification of macrophage-like 
characteristics in a cultured murine tumor line.  J Immunol 114: 894-897. 

 



  26 of 27 

 Lahav Cohen, M., Douvdevani, A., Chaimovitz, C., and Shany, S. (2001).  Regulation of TNFα 
by 1,25-dihydroxyvitamin D3 in human macrophages from CAPD patients. Kidney Int 59: 
69-75. 

Lassmann, H., Bruck, W., and Lucchinetti, C.F.  (2007).  The immunopathy of Multiple 
Sclerosis.  Brain Pathol 17: 210-218. 

 
Malluche, H.H., Mawad, H., and Koszewski, N.J. (2002).  Update on vitamin D and its newer 

analogues: Actions and rationale for treatment in chronic renal failure. Kidney Int 62: 367-
374. 

 
Munger, K.L., Levin, L.I., Hollis, B.W., Howard, N.S., and Ascherio, A.  (2006).  Serum 25-

Hydroxyvitamin D Levels and Risk of Multiple Sclerosis.  JAMA 296: 2832-2838. 
 
Noseworthy, J.H., Lucchinetti, C., and Rodriguez, M.  (2000).  Multiple Sclerosis.  N Engl J Med 

343: 938-952. 
 
Overbergh, L., Decallonne, B., Valckx, D., Verstuyf, A., Depovere, J., Laureys, J., Rutgeerts, O., 

Saint-Arnaud, R., Bouillon, R., and Mathieu, C. (2000).  Identification and immune 
regulation of 25-hydroxyvitamin D-1-α-hydroxylase in murine macrophages. Clin Exp 
Immunol 120: 139-146.   

 
Pedersen, L.B., Nashold, F.E., Spach, K.M., and Hayes, C.E.  (2007).  1,25-Dihydroxyvitamin 

D3 Reverses Experimental Autoimmune Encephalomyelitis by Inhibiting Chemokine 
Synthesis and Monocyte Trafficking.  J Neurosci Res 85: 2480-2490. 

 
Peleg , S., Ismail, A., Uskokovic, M.R., and Avnur, Z. (2002).  Evidence for tissue- and cell-type 

selective activation of the vitamin D receptor by Ro-26-9228, A noncalemic analog of 
vitamin D3. J Cell Biochem 88: 267-273. 

 
Reichrath, J., Lehmann, B., Carlberg, C., Varani, J., and Zouboulis, C.C. (2007).  Vitamins as 

hormones. Horm Metab Res 39: 71-84. 
 
Schwalfenberg, G. (2007).  Not enough vitamin D: Health consequences for Canadians. Can Fam 

Physician 53: 841-854. 
 
Soilu-Hanninen, M., Aires, L., Mononen, I., Heikkila, A., Viljanen, M., and Hanninen, A.  

(2005).  25-Hydroxyvitamin D levels in serum at the onset of multiple sclerosis.  Mult Scl 
11: 266-271. 

 
Smestad, C., Brynedal, B., Jonasdottir, G., Lorentzen, A.R., Masterman, T., Akesson, E., 

Spurkland, A., Lie, B.A., Palmgren, J., Celius, E.G., Hillert, J., and Harbo, H.F. (2007).  
The impact of HLA-A and –DRB1 on age at onset, disease course and severity in 
Scandinavian multiple sclerosis patients.  Eur J Neurol 14: 835-840. 

 
Sriram, S., and Steiner, I.  (2005).  Experimental Allergic Encephalomylitis: A Misleading Model 

of Multiple Sclerosis.  Ann Neurol 58: 939-945. 
 



  27 of 27 

Steinman, L., and Zamvil, S.S.  (2006).  How to Successfully Apply Animal Studies in 
Experimental Allergic Encephalomylitis to Research on Multiple Sclerosis.  Ann Neurol 60: 
12-21. 

 
Stryer, L. Biochemistry 4th Edition. New York. W.H. Freeman and Company, 1995. 
 
Sun, X., and Zennel, M.B. (2007).  Calcium and 1,25-dihydroxyvitamin D3 regulation of 

adipokine expression. Obesity 15: 340-348. 
 
Tajouri, L., Ovacaric, M., Curtain, R., Johnson, M.P., Griffiths, L.R., Csurhes, P., Pender, M.P., 

and Lea, R.A.  (2005).  Variation in the vitamin D receptor gene is associated with multiple 
sclerosis in an Australian population.  J Neurogenetics 19: 25-38. 

 
Van der Mei, I.A.F., Ponsonby, A.L., Dwyer,T., Blizzard, L., Taylor, B.V., Kilpatrick, T., 

Butzkueven, H., and McMichael, A.J.  (2007).  Vitamin D levels in people with multiple 
sclerosis and community controls in Tasmania, Australia.  J Neurol 254: 581-590. 

 
Willer, C.J., Dyment, D.A., Risch, N.J., Sadovnick, A.D., Ebers, G.C., and the Canadian 

Collaborative Study Group.  (2003).  Twin concordance and sibling recurrence rates in 
multiple sclerosis.  PNAS 100: 12877-12882. 

 


