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Abstract 
 

Immune thrombocytopenic purpura (ITP) is an autoimmune disorder characterized 

by an immune response against the host’s own platelets. The goal of treatment is to keep 

the platelet count above 30 x10
9
/L to prevent major internal organ bleeding. The initial 

therapy involves high dose steroids and or intravenous immunoglobulin IVIG. If 

unsuccessful, other immunosuppressant agents or biologic agents are used. Splenectomy 

also has been used with variable response. All of these therapies have considerable 

toxicity. 

In the past we have identified a subset of patients who were refractory to treatment. 

These ITP patients had positive ANA's and were vitamin D deficient. Clinically they had 

SLE and Sjögren's syndrome overlap syndrome. Their response to high dose vitamin D 

replacement and hydroxychloroquine was dramatic. Their platelet counts normalized, but 

upon discontinuation of high dose vitamin D, platelet counts plummeted. With 

reinstitution of vitamin D, platelet counts were again restored. No untoward side effects 

were observed.  

Recent research has shown that vitamin D deficiency is associated with increased 

cardiovascular risk, osteoporosis, cancer, diabetes type I in children, and autoimmune 

diseases such as multiple sclerosis and Crohn’s disease. Previously we found an 

association between vitamin D deficiency and immune thrombocytopenia. There may 

also be synergism between vitamin D supplementation and hydroxychloroquine. Vitamin 

D has long been thought to play an immunomodulatory role. Specifically, 1,25(OH)2D3 

seems to have two important functions: down regulation of over proliferative CD4+ cells 

and up regulation of T regulatory cells. 
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Introduction 
 

Immune Thrombocytopenic Purpura 
 

Immune thrombocytopenic purpura (ITP) is thought to be an autoimmune disorder 

mediated by auto antibodies with no known etiology. Two mechanisms are involved in ITP: 

1) accelerated platelet destruction, and 2) decreased platelet production by megakaryocytes in 

the bone marrow. In each individual various proportions of these 2 mechanisms are present. 

The variance of these mechanisms per individual patient dictates the treatment options. When 

no underlying cause of the thrombocytopenia is present it is called primary ITP.  

Sometimes one can identify a secondary cause of ITP. This is important since one needs 

to treat the underlying cause. Some of these include H. pylori, hepatitis C, and 

lymphoproliferative disorders including non-Hodgkin’s lymphoma, a myelodysplastic 

syndrome especially in elderly patients, chronic lymphocytic leukemia, Hodgkin’s 

lymphoma, HIV, SLE (systemic lupus erythematosus) and other autoimmune diseases. 

Thrombocytopenia can also be caused by the antiphospholipid syndrome, autoimmune 

thyroid disease and immunodeficiency states including IgA deficiency. Drug-induced ITP is 

always an important consideration; drugs such as quinine, sulfonamides, and heparin are 

common causes of thrombocytopenia.  

 

 

Treatment of ITP 
 

There is currently no standard treatment for ITP. There are many therapeutic options, but 

each has considerable associated toxicities and variable efficacy [1, 2]. The usual and 

standard treatment involves high-dose prednisone [3]. This can be administered either orally 

or by IV. Recently, pulse dexamethasone therapy has been used by some groups. Intravenous 

immunoglobulin (IVIG) is a first-line treatment, however, the results are often transient and it 

is associated with numerous side effects including renal insufficiency and anaphylaxis. It is 

also very expensive. But, during the acute setting, especially in patients who are bleeding, it 

should be considered since it can raise the platelet count quickly. IV anti-Rho (D) is an 

alternative to IVIG [4]. However, it is not effective in Rh negative patients or in those who 

have undergone a splenectomy. Hemolysis is a rare complication to this therapy. Side effects 

include IV hemolysis, renal failure and disseminated intravascular coagulation (DIC).  

Second-line therapies include a variety of chemotherapeutic agents, including Imuran, 

Cytoxan and cyclosporin A [1]. Other agents include CellCept and Rituxan [1]. Some of the 

toxicities associated with Rituxan include an infusion reaction and opportunistic infections, 

including progressive multifocal leukoencephalopathy . 

Newer treatments include thrombopoietin receptor agonists (romiplostim [Nplate] and 

eltrombopag [Promacta]) that have been used in phase 3 studies of primary ITP to augment 

platelet production [5-7]
.
 These agents increase platelet counts in both splenectomized and 

non-splenectomized patients. Some of the adverse effects include rebound thrombocytopenia, 

which occurs upon discontinuation of the drugs; bone marrow fibrosis, which occurs in less 

than 10% of treated patients; thrombosis, which occurs in approximately 5% of patients; 

progression to hematologic malignancies; and liver toxicity.  
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When treating secondary ITP related to HIV and hepatitis C [8], it is essential that one 

always treat the underlying cause/infection with antiviral agents. Splenectomy is effective in 

some cases but is usually not done in the first year because some cases do remit 

spontaneously. In addition, this procedure is associated with pulmonary hypertension and 

thrombosis as well as secondary infection with H. influenzae and other pathogens. After 10 

years, two thirds of patients remain in remission after splenectomy [9, 10].  

 

 

Diagnosis of ITP 
 

A diagnosis of ITP is one of exclusion. The workup should include a peripheral blood 

smear. The red cell and white cell morphology is usually normal. One needs to exclude the 

presence of schistocytes and/or nucleated red blood cells, which would indicate a hemolytic 

anemia. Immunoglobulin levels should be checked. Additionally, antiphospholipid antibodies 

and ANA are measured, and the presence of HIV, hepatitis C, H. pylori, parvovirus and CMV 

is determined. Generally, testing for platelet antibodies is not recommended, and bone 

marrow examination is generally not necessary. 

 

 

Vitamin D and Autoimmunity 
 

Vitamin D Deficiency 

Vitamin D deficiency is associated with many autoimmune diseases, including multiple 

sclerosis, SLE and type 1 diabetes [11]. In 2010, investigators analyzed serum vitamin D 

levels in SLE patients and found an inverse correlation between SLE severity and vitamin D 

concentration [12]. A recent study found SLE patients with higher vitamin D levels were less 

likely to develop serious complications from cardiovascular disease [13]. This pattern is also 

present in those with Crohn’s disease [14].  

 

Vitamin D Replacement Therapy 

Vitamin D supplementation has been suggested as a possible co-treatment option for type 

1 diabetes, SLE and Crohn’s disease [15-18]. The Hopkins Cohort followed 1,000 patients 

from 2009 to 2011 with SLE who received vitamin D supplementation because of low levels 

< 40 ng/ml. They found a significant correlation between increased vitamin D levels and both 

a decreased risk of SLE severity and improved urine protein-creatinine ratio [15]. A meta-

analysis of one cohort and four case-control studies investigating effects of vitamin D 

supplementation in infants on the development of type 1 diabetes found correlations between 

vitamin D and reduced diabetes risk [19]. 

 

 

Case Studies 
 

Our group previously reported on two patients with severe ITP who failed conventional 

therapies but responded to Plaquenil (hydroxychloroquine) and high-dose vitamin D, which 

resulted in a marked increase in platelet counts [20]. Both patients were ANA+ and felt to 

have SLE as the cause of ITP. The two cases are described below.  
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Patient 1 

Because of failure to respond to conventional therapy, the oncology service referred this 

patient to our clinic. They treated the patient with WinRho (IV Immune globulin, or IVIg) 

and high-dose prednisone due to an extremely low platelet count of 9,000/mm
3
. The count 

transiently increased to 43,000/mm
3
, suggesting prednisone treatment had little therapeutic 

effect. Upon referral to our clinic, we did a serological workup that revealed the presence of 

anti-SSA/Ro autoantibodies (SSA) and antinuclear antibodies (ANA), which suggested SLE 

and Sjögren’s syndrome overlap as secondary causes for ITP.  

To treat the ITP, we administered Plaquenil (200 mg twice a day), prednisone (15 

mg/day) and high-dose vitamin D (50,000 IU once a week). This was initiated because of the 

borderline low vitamin D level of 34 ng/mL. In our experience with other autoimmune 

diseases we have found an enhanced therapeutic response to standard treatment when a 

patient’s vitamin D increases to 40-50 ng/mL or above.  

Two weeks post initial visit, the patient’s platelet count slightly increased to 55,000/mm
3
, 

but was still significantly under the normal value of >140,000/mm
3
 (Figure 1A). To achieve 

an enhanced clinical benefit, vitamin D dosing was increased to 150,000 IU per week, 

prednisone was decreased to 10 mg/day and Plaquenil remained the same. On this new 

regimen, the platelet count increased (114,000/ mm
3
) and vitamin D was then lowered to 

50,000 IU twice a week, prednisone lowered to 5 mg/day, and as before Plaquenil was not 

altered. 

Three months after the initial visit, the patient’s platelet count had increased to 

141,000/mm
3
. Vitamin D, prednisone and Plaquenil remained the same. Because the patient’s 

platelet count remained stable for approximately six months on this regimen and vitamin D 

levels were normal, high-dose vitamin D supplementation was discontinued. One month later, 

the patient’s platelet count strikingly decreased by 100-fold to 18,000/mm
3
 (Figure 1B). 

Responding to this life threatening drop, we immediately restarted vitamin D treatment 

(50,000 IU twice a week) and increased prednisone (30 mg/day). After three weeks, the 

platelet count increased to 91,000/mm
3
. One month later the platelet count once again 

increased to normal levels and therefore prednisone treatment was reduced to 5 mg/day. 

Four months later, the patient’s platelet count reached 161,000/mm
3
, and prednisone was 

discontinued. Six weeks after discontinuing prednisone, the platelet count continued to 

increase to 215,000/mm
3
. Based on these results, we continued Plaquenil 200 mg twice a day 

and vitamin D 50,000 IU once a week. We did feel prednisone was not necessary for 

maintenance therapy.  

 

Patient 2 

The second patient was referred by the oncology service having failed conventional 

therapy. Like the first patient, the serology was positive for ANA and SSA and was diagnosed 

as having SLE and Sjögren's overlap with secondary ITP. It was noteworthy that the vitamin 

D level was severely depressed at 17 ng/mL and the platelet count was 8,000/mm
3
. When 

treating secondary ITP it is essential to treat the underlying disease. We initiated Plaquenil 

200 mg twice a day and continued prednisone at 40 mg/day, as prescribed earlier by the 

heme-oncology service. Vitamin D was dispensed at 50,000 IU once a week.  
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Figure 1. A. Platelet count levels over time. We measured Patient 1’s platelet levels throughout the 

course of treatment.* denotes initiation of treatment. The x-axis depicts time in weeks; the y-axis 

depicts platelet count (x 10
3
/mm

3
). B. Platelet count in relation to vitamin D. Close-up of weeks 32-47 

from part A. At the time of vitamin D discontinuation the platelet count was 140,000/mm
3
 (black 

hashed arrow). After one month, the platelet count plummeted to 18,000/mm
3
. In response to 

reinstitution of vitamin D therapy (grey arrow) the platelet count increased to 91,000/mm
3
 after three 

weeks and then 137,000/mm
3 
four weeks later. The x-axis depicts time in weeks; the y-axis depicts 

platelet count (x 10
3
/mm

3
). 

One month later the platelet counts increased to 72,000/mm
3
, and prednisone was tapered 

from 40 mg/day to 15 mg/day. Six weeks after initiation of treatment, the patient’s platelet 

count had again increased (to 301,000/mm
3
) and therefore prednisone was lowered to 7.5 
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mg/day. Six weeks weeks later the platelet count dropped to 89,000/mm
3
 and therefore 

vitamin D was increased to 50,000 IU twice a week. With this dosage change, the patient was 

doing well and the platelet count had increased to 244,000/mm
3
. Vitamin D levels reached 

almost 90 ng/mL; therefore prednisone was tapered to 5 mg and vitamin D supplementation 

remained at 50,000 IU twice week. After nine weeks on this dosage, platelet counts stabilized 

to approximately 190,000/mm
3
 and remained stable at prednisone of 4 mg/day. The counts 

continued in this range for another 10 months. 

Four-and-a-half years post-initial presentation the patient remained in remission and 

continued on a reduced dose of Plaquenil, namely 200 mg/day, prednisone 2 mg/day and 

vitamin D 50,000 units once a month. 

 

 

Discussion 
 

Autoimmune platelet depletion, such as with ITP, occurs when autoantibodies targeting 

glycoproteins found on the surface of platelets opsonize the cells, resulting in destruction by 

macrophages. Because these levels are regulated by both the production and clearance of 

platelets, a fine balance must exist. Ongoing destruction of platelets and an inadequate 

production of new platelets will foster disease. 

It has been documented that patients with immune thrombocytopenia have high rates of 

mononuclear cell proliferation as well as lymphocytes that secrete greater amounts of IL-2 

compared to controls [21]. Researchers have also shown that in these patients, depleting 

CD8
+
 lymphocytes and complement did not reduce proliferation of mononuclear cells, which 

indicates that CD4
+
 T helper cells may be responsible for the response. In addition, the 

number of T regulatory cells in patients with ITP is markedly reduced [22]. This suggests that 

stimulated CD4
+
 T helper cells mediate antibody production and maturation of B cells, and 

may contribute to the eventual autoantibody response targeting these patients’ platelets. 

Activation of vitamin D receptors (VDRs) is known to alter immune cell transcriptional 

patterns, proliferation and differentiation through several intracellular pathways. Both CD4
+ 

and CD8
+
 lymphocytes express VDRs, and thus it is reasonable to conclude that vitamin D 

(25(OH)2D3) may play a role in the regulation of the immune response [23]. A meta analysis 

of publications identifying VDR polymorphisms uncovered a significantly higher risk of the 

inflammatory bowel disease Crohn’s from one polymorphism and a lower risk of ulcerative 

colitis due to a different mutation [24]. Genetic polymorphisms in these receptors also 

correlate with other autoimmune diseases including type 2 diabetes, multiple sclerosis and 

SLE [25-27]. It’s also seen in breast and skin cancer [28, 29]. Interestingly, several of these 

studies identified differences within specific ethnic groups.  

25(OH)2D3 may be a potent immunomodulator, and it may have potential therapeutic 

use in many autoimmune diseases [11]. In 1991, researchers found that the production of 

interleukin IL-6 and IL-2 in cell cultures were reduced by vitamin D [30]. It was postulated 

that vitamin D may inhibit the production and function of IL-6 and, therefore, regulate 

lymphocyte functions. Studies have shown that 25(OH)2D3 can inhibit the development of 

multiple sclerosis in the murine model [31,32]. Researchers suggest that CD4
+
 T cells may be 

the target of immunosuppression and studies have found that 25(OH)2D3 can inhibit T-cell 

proliferation and activation [33].  
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A subset of helper T cells called TH17 cells have been found at sites of autoimmune 

inflammation and thus may be a main contributor to tissue destruction in patients suffering 

from such diseases [34]. Although the molecular mechanisms have not been fully elucidated, 

vitamin D has an inhibitory effect on these TH17 cells. In the murine model of scleroderma, 

topical administration with the vitamin D analog calcipotriol resulted in an increase in the 

Th2-mediated pro-fibrotic pathway, but the treatment actually had a net anti-fibrotic effect 

[35]. This study suggests that calcipotriol could be a potential therapeutic for treating fibrotic 

disease in humans.  

Vitamin D stimulates transforming growth factor (TGFβ-1) and IL-4 production, which 

in turn may suppress inflammatory T-cell activity [36, 37]. TGFβ-1 may help direct T-cell 

differentiation and promote the production of T regulatory cells via the Foxp3 transcription 

regulatory pathway resulting in the observed immunosuppression [38]. In fact, TGFβ-1 is 

able to promote T-cell differentiation from non-suppressor CD4
+
 T cells simply through 

Foxp3 induction [39]. These T regulatory cells help suppress the immune response and thus 

maintain immune system homeostasis and tolerance to self -antigens. Recently, it was shown 

that vitamin D treatment in addition to calcitriol transiently increased Foxp3
+
 T cells and 

reduced the number of CD4
+
 T cells in the spleens and CNS of mice with experimental 

autoimmune encephalomyelitis, the murine model for multiple sclerosis [40]. Cholecalciferol 

has been shown to increase the number of regulatory T cells when given in combination with 

insulin to those with new-onset type 1 diabetes [41]. 

Although the number of T regulatory cells in ITP patients is significantly reduced, 

research has also shown that it is possible to generate T regulatory cells in vitro by 

pharmacologically manipulating the dendritic cells with glucocorticoid and vitamin D [42]. 

Drug-induced effects on dendritic cells included induction of IL-10-secreting regulatory T 

cells, attenuation of IL-2 and interferon gamma secretion, prevention of T cell IL-4 secretion, 

and suppression of antigen-specific primary T-cell proliferation [43].  

Overall, vitamin D seems to have two important immunomodulatory functions: down-

regulation of over proliferative CD4
+
 cells and concurrent up-regulation of T regulatory cells. 

Together, these effects may have the potential to reduce the autoantibody response and may 

potentially explain the restoration of platelet levels upon treatment of high-dose vitamin D in 

patients who had autoimmune thrombocytopenia.  

 

 

Conclusion 
 

We recommend that vitamin D levels be obtained on all patients who are 

thrombocytopenic; the high prevalence of vitamin D deficiency in the United States of 

America makes this particularly crucial. If vitamin D levels are less than 30 ng/Ml, we 

recommend the patient receive aggressive replacement with vitamin D supplementation at 

high doses. This is particularly relevant in a patient with secondary ITP who has an 

underlying autoimmune disease, such as SLE. 

In our experience the therapeutic dose varies between 50,000 and 100,000 IU/week 

depending on the platelet count. This dose should be maintained for many months if the renal 

function remains normal. Additionally, it is recommended to monitor their serum calcium, 

phosphate, parathyroid hormone and creatinine levels. When the platelet count stabilizes, in 
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some patients, vitamin D supplementation may need to be maintained indefinitely. We also 

suggest the addition of Plaquenil 200 mg twice a day, especially if the patient is ANA 

positive and/or there is a clinical suggestion of Sjögren’s syndrome or SLE. We believe there 

is a synergistic effect of Plaquenil and high dose vitamin D. The mechanism of this 

interaction needs to be further defined. Additionally, it is important that investigators explore 

this further to confirm our findings and consider this regimen in the unique subset of patients 

who are ANA positive and vitamin D deficient, and have SLE. It is noteworthy that this 

treatment protocol is safe, effective and extremely inexpensive. Current treatments of ITP can 

be variable, have considerable side effects and are very costly.  

 

 

References 
 

[1] Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-Maggs P, Bussel JB, Chong 

BH, Cines DB, Gernsheimer TB, Godeau B, Grainger J, Greer I, Hunt BJ, Imbach PA, 

Lyons G, McMillan R, Rodeghiero F, Sanz MA, Tarantino M, Watson S, Young J, 

Kuter DJ. International consensus report on the investigation and management of 

primary immune thrombocytopenia. Blood. 2010 Jan 14;115(2):168-86.  

[2] Bromberg ME. Immune thrombocytopenic purpura—the changing therapeutic 

landscape. N. Engl. J. Med. 2006; 355:1643–1645.  

[3] Cheng Y, Wong RS, Soo YO, et al. Initial treatment of immune thrombocytopenic 

purpura with high-dose dexamethasone. N. Engl. J. Med. 2003; 349:831–836. 

[4] Scaradavou A, Woo B, Woloski BM, et al. Intravenous anti-D treatment of immune 

thrombocytopenic purpura: experience in 272 patients. Blood 1997; 89:2689–2700.  

[5] Kuter DJ, Bussel JB, Lyons RM, et al. Efficacy of romiplostiminpatients with chronic 

immune thrombocytopenic purpura: a double-blind randomised controlled trial. Lancet 

2008; 371:395-403.  

[6] Gernsheimer TB, George JN, Aledort LM, et al. Evaluation of bleeding and thrombotic 

events during long-term use of romiplostim in patients with chronic immune 

thrombocytopenia (ITP). J. Thromb. Haemost 2010; 8:1372–1382.  

[7] Cheng G, Saleh MN, Marcher C, et al. Eltrombopag for management of chronic 

immune thrombocytopenia (RAISE): a 6-month, randomised, phase 3 study. Lancet 

2011 Jan 29;377(9763):393-402. 

[8] Rajan SK, Espina BM, Liebman HA. Hepatitis Cvirus-related thrombocytopenia: 

clinical and laboratory characteristics compared with chronic immune 

thrombocytopenic purpura. Br. J. Haematol. 2005;129:818–824.  

[9] Schwartz J, Leber MD, Gillis S, Giunta A, Eldor A, Bussel JB. Longterm follow-up 

after splenectomy performed for immune thrombocytopenic purpura (ITP). Am. J. 

Hematol. 2003;72:94–98.  

[10] Kojouri K, Vesely SK, Terrell DR, George JN. Splenectomy for adult patients with 

idiopathic thrombocytopenic purpura: a systematic review to assess long-term platelet 

count responses, prediction of response, and surgical complications. Blood 

2004;104:2623–2634. 



New Treatment for ITP for a Subset of Patients 73 

[11] Yang CY, Leung PS, Adamopoulos IE, Gershwin ME. The implication of vitamin D 

and autoimmunity: a comprehensive review. Clin. Rev. Allergy Immunol. 2013 

Oct;45(2):217-264.  

[12] Amital H, Szekanecz Z, Szucs G, Dank  K, Nagy E, Cs p ny T, et al. Serum 

concentrations of 25-OH vitamin D in patients with systemic lupus erythematosus 

(SLE) are inversely related to disease activity: is it time to routinely supplement 

patients with SLE with vitamin D? Annals of the rheumatic diseases. 2010;69:1155–7. 

[13] Lertratanakul A, Wu P, Dyer A, Urowitz M, Gladman D, Fortin P, Bae SC, Gordon C, 

Clarke A, Bernatsky S, Hanly JG, Isenberg D, Rahman A, Merrill J, Wallace DJ, 

Ginzler E, Khamashta M, Bruce I, Nived O, Sturfelt G, Steinsson K, Manzi S, Dooley 

MA, Kalunian K, Petri M, Aranow C, Font J, van Vollenhoven R, Stoll T,Ramsey-

Goldman R. 25-Hydroxyvitamin D and cardiovascular disease in patients with systemic 

lupus erythematosus: Data from a large international inception cohort. Arthritis Care 

Res. (Hoboken). 2014 Jan 27. [Epub ahead of print]. 

[14] Ham M, Longhi MS, Lahiff C, Cheifetz A, Robson S, Moss AC. Vitamin D levels in 

adults with Crohn's disease are responsive to disease activity and treatment. Inflamm 

Bowel. Dis. 2014 May;20(5):856-60.  

[15] Petri M, Bello KJ, Fang H, Magder LS. Vitamin D in SLE: Modest association with 

disease activity and urine protein/creatinine ratio. Arthritis rheum.2013 Jul;65(7): 

1865-71. 

[16] Chakhtoura M, Azar ST. The role of vitamin d deficiency in the incidence, progression, 

and complications of type 1 diabetes mellitus. Int. J. Endocrinol. 2013;2013:148673.  

[17] Wingate KE, Jacobson K, Issenman R, Carroll M, Barker C, Israel D, Brill H, Weiler 

H, Barr SI, Li W, Lyon MR, Green TJ. 25-Hydroxyvitamin D concentrations in 

children with Crohn's disease supplemented with either 2000 or 400 IU daily for 6 

months: a randomized controlled study. .J. Pediatr. 2014 Apr;164(4):860-5.  

[18] Mok CC. Vitamin D and systemic lupus erythematosus: an update. Expert Rev Clin 

Immunol. 2013 May;9(5):453-63.  

[19] Zipitis CS, Akobeng AK. Vitamin D supplementation in early childhood and risk of 

type 1 diabetes: a systematic review and meta-analysis. Arch. Dis. Child. 2008 

Jun;93(6):512-7.  

[20] Bockow B, Kaplan TB. Refractory immune thrombocytopenia successfully treated with 

high-dose vitamin D supplementation and hydroxychloroquine: two case reports. J. 

Med. Case Rep. 2013 Apr 4;7(1):91. 

[21] Andersson J: Cytokines in idiopathic thrombocytopenic purpura (ITP). Acta Paediatr 

Suppl 1998, 424:61-64. 

[22] Semple JW, Freedman J. Increased antiplatelet T helper lymphocyte reactivity in 

patients with autoimmune thrombocytopenia. Blood 1991, 78(10):2619-2625. 

[23] Veldman CM, Cantorna MT, DeLuca HF: Expression of 1,25-dihydroxyvitamin D(3) 

receptor in the immune system. Arch. Biochem. Biophys. 2000;374(2):334-338. 

[24] Wang L, Wang ZT, Hu JJ, Fan R, Zhou J, Zhong J. Polymorphisms of the vitamin D 

receptor gene and the risk of inflammatory bowel disease: a meta-analysis. Genet. Mol. 

Res. 2014 Apr 8;13(2):2598-610.  

[25] Al-Daghri NM, Al-Attas OS, Alkharfy KM, Khan N, Mohammed AK, Vinodson B, 

Ansari MG, Alenad A, Alokail MS.Association of VDR-gene variants with factors 



Barry Bockow and Tamara B. Kaplan 74 

related to the metabolic syndrome, type 2 diabetes and vitamin D deficiency. Gene. 

2014 Jun 1;542(2):129-33. 

[26] Harandi AA, Harandi AA, Pakdaman H, Sahraian MA. Vitamin D and multiple 

sclerosis. Iran J. Neurol. 2014;13(1):1-6.  

[27] Zhou TB, Jiang ZP, Lin ZJ, Su N. Association of vitamin D receptor gene 

polymorphism with the risk of systemic lupus erythematosus. J. Recept. Signal 

Transduct Res. 2014 May 22:1-7. [Epub ahead of print] 

[28] Zhang K, Song L. Association between Vitamin D Receptor Gene Polymorphisms and 

Breast Cancer Risk: A Meta-Analysis of 39 Studies. PLoS One. 2014 Apr 

25;9(4):e96125. 

[29] Zhao XZ, Yang BH, Yu GH, Liu SZ, Yuan ZY. Polymorphisms in the vitamin D 

receptor (VDR) genes and skin cancer risk in European population: a meta-analysis. 

Arch. Dermatol. Res. 2014 Apr 28. [Epub ahead of print] 

[30] Muller K, Diamant M, Bendtzen K: Inhibition of production and function of 

interleukin-6 by 1,25-dihydroxyvitamin D3. Immunol Lett. 1991;28(2):115-120. 

[31] Cantorna MT, Hayes CE, DeLuca HF: 1,25-Dihydroxyvitamin D3 reversibly blocks the 

progression of relapsing encephalomyelitis, a model of multiple sclerosis. Proc Natl 

Acad. Sci. U S A. 1996;93(15):7861-7864. 

[32] Pedersen LB, Nashold FE, Spach KM, Hayes CE. 1,25-dihydroxyvitamin D3 reverses 

experimental autoimmune encephalomyelitis by inhibiting chemokine synthesis and 

monocyte trafficking. J. Neurosci. Res. 2007;85(11):2480-2490. 

[33] Gorman S, Kuritzky LA, Judge MA, Dixon KM, McGlade JP, Mason RS, Finlay-Jones 

JJ, Hart PH. Topically applied 1,25-dihydroxyvitamin D3 enhances the suppressive 

activity of CD4+CD25+ cells in the draining lymph nodes. J. Immunol. 2007 Nov 

1;179(9):6273-83.  

[34] Zhang H, Shih DQ, Zhang X. Mechanisms underlying effects of 1,25-

Dihydroxyvitamin D3 on the Th17 cells. Eur. J. Microbiol. Immunol (Bp). 2013 

Dec;3(4):237-40.  

[35] Usategui A, Criado G, Del Rey MJ, Faré R, Pablos JL. Topical vitamin D analogue 

calcipotriol reduces skin fibrosis in experimental scleroderma. Arch. Dermatol. Res. 

2014 May 1. [Epub ahead of print] 

[36] Cantorna MT, Woodward WD, Hayes CE, DeLuca HF. 1,25-dihydroxyvitamin D3 is a 

positive regulator for the two anti-encephalitogenic cytokines TGF-beta 1 and IL-4. J. 

Immunol. 1998;160(11):5314-5319. 

[37] Deluca HF, Cantorna MT. Vitamin D: its role and uses in immunology. FASEB J. 2001 

Dec;15(14):2579-85.  

[38] Pyzik M, Piccirillo CA: The TGF-beta1/Foxp3 regulatory axis in immune self-

tolerance: implications for health and disease. Inflamm Allergy Drug Targets 

2006;5(3):167-177. 

[39] Tran DQ, Ramsey H, Shevach EM. Induction of FOXP3 expression in naive human 

CD4+FOXP3 T cells by T-cell receptor stimulation is transforming growth factor-beta 

dependent but does not confer a regulatory phenotype. Blood 2007;110(8):2983-2990. 

[40] Nashold FE, Nelson CD, Brown LM, Hayes CE. One calcitriol dose transiently 

increases Helios+ FoxP3+ T cells and ameliorates autoimmune demyelinating disease. 

J. Neuroimmunol. 2013 Oct 15;263(1-2):64-74.  



New Treatment for ITP for a Subset of Patients 75 

[41] Gabbay MA, Sato MN, Finazzo C, Duarte AJ, Dib SA. Effect of cholecalciferol as 

adjunctive therapy with insulin on protective immunologic profile and decline of 

residual β-cell function in new-onset type 1 diabetes mellitus. Arch. Pediatr. Adolesc. 

Med. 2012 Jul 1;166(7):601-7. 

[42] Unger WW, Laban S, Kleijwegt FS, van der Slik AR, Roep BO. Induction of Treg by 

monocyte-derived DC modulated by vitamin D3 or dexamethasone: differential role for 

PD-L1. Eur. J. Immunol. 2009;39(11):3147-3159. 

[43] Dong X, Bachman LA, Kumar R, Griffin MD. Generation of antigen-specific, 

interleukin-10-producing T-cells using dendritic cell stimulation and steroid hormone 

conditioning. Transpl. Immunol. 2003;11(3-4):323-333. 

 

 


