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Abstract

Objective—To provide a detailed summary of current scientific knowledge on uterine fibroids 

(leiomyomas) in vitro and in in vivo animal models, as well as to postulate the potential role of 

vitamin D3 as an effective, inexpensive, safe long-term treatment option for uterine fibroids.

Design—PubMed search articles were used to identify the most relevant studies on uterine 

fibroids as well as effects of vitamin D3 on uterine fibroid cells and fibroid tumor growth in in 

vivo animal models.

Setting—University research laboratory - affiliated infertility clinic.

Patient(s)—Not applicable.

Intervention(s)—None

Main Outcome Measure(s)—Not applicable.

Results—Despite numerous publications available on uterine fibroids, information about the role 

that vitamin D3 plays in the regulation of uterine fibroids are limited. Most of the recent vitamin 

D3-related studies on uterine fibroids were published from our group. Recent studies have 

demonstrated that vitamin D deficiency plays a significant role in the development of uterine 

fibroids. Our recent studies have demonstrated that vitamin D3 reduces leiomyoma cell 

proliferation in vitro, and leiomyoma tumor growth in in vivo animal models. These results 

postulate the potential role of vitamin D3 for an effective, safe non-surgical medical treatment 

option for uterine fibroids.

Conclusions—This article reviews human and animal studies and uncover new possibilities for 

understanding the vitamin D-based therapeutic option for an effective, safe long-term treatment of 

uterine fibroids. Based on these results, a clinical trial with vitamin D3 or a hypocalcemic analog, 

paricalcitol may be warranted for non-surgical medical treatment of uterine fibroids.
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Uterine Leiomyomas

Uterine leiomyomas (fibroids) are the most common gynecological tumors in females. They 

are benign clonal tumors that arise from the smooth muscle cells of the uterus and contain 

excessive extracellular matrix (ECM). Leiomyomas are well known estrogen-dependent 

tumors in the uterus of premenopausal women (1-4). Leiomyomas clinically affect more 

than 25% of reproductive age females and cause significant morbidity (5, 6). While the 

majority of females with uterine leiomyoma are asymptomatic, symptomatic leiomyomas 

can cause abnormal uterine bleeding, pelvic pressure and pain, and urinary incontinence or 

retention, and are associated with infertility and recurrent abortion (7-10). In addition, 

leiomyomas may grow rapidly during pregnancy and can cause obstructed labor 

necessitating cesarean section. Furthermore, symptomatic leiomyomas are among the most 

common indications for major surgery in pre-menopausal females, and the leading cause of 

hysterectomy in the United States (2, 3). They are responsible for about one-third of all 

hospital admissions respective to gynecological services. Classified as a major surgery, 

hysterectomies are not only associated with significantly increasing morbidity and mortality, 

but are all too often known for their huge economic impact on healthcare systems (4, 11). 

The etiology and pathophysiology of the leiomyoma formation is not completely 

understood; however, growing evidence has focused on investigating the molecular 

mechanism in the development of disease and the influence of ethnicity. Several studies 

have found mutations in exon 2 of the mediator complex subunit 12 (Med12) gene in up to 

85% of cases of uterine fibroids from diverse populations from Finland, northern United 

States, and in South Africa (12-16). In a recent study, our team investigated the Med12 gene 

somatic mutations in females with symptomatic uterine fibroids from the southern United 

States. We identified four novel somatic mutations in the Med12 gene in uterine fibroids in 

this population (17). As expected, no mutations were identified in the Med12 gene in normal 

myometrium in these women (17). These finding highlight the molecular pathogenesis of 

uterine fibroids; understanding those molecular events may help to develop noninvasive 

therapeutic agents to effectively treat uterine fibroids.

Treatment of Leiomyomas

The primary treatment of uterine fibroids has been surgery, either myomectomy or 

hysterectomy. More than 600,000 hysterectomies are performed in the United States each 

year. Novel nonsurgical alternatives for the treatment of uterine fibroids have been 

investigated (18) and thus far, no definitive oral therapeutic agent has been developed. At 

present, medical treatments are only used for short-term therapy to avoid risks associated 

with long-term therapy. There is also a lack of evidence regarding the benefit and risks of 

long-term therapy with newer medical agents. Recent discoveries in the pathogenesis of 

leiomyoma with increasing knowledge of the mechanism of action of more recent candidate 

agents such as Vitamin D, green tea extract, and elagolix (oral GnRH antagonist), as well as 

older agents such as selective estrogen receptor modulators (SERMs) and gestrinone may 
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lead to the development of an oral agent with the ability to decrease leiomyoma size with 

minimal side effects (19).

Leiomyomas Prevalence in African Americans

Several studies have shown that African American females are at increased risk for uterine 

fibroids identified by ultrasound or hysterectomy (20-23). While Hispanics and Asians in the 

United States have similar incidence as Caucasians (24), there is a disproportionate disease 

burden apparent in the number of hysterectomies performed on African American women, 

75% of which were performed for uterine leiomyomas (25). Studies reveal a two to threefold 

higher incidence of uterine fibroids in African American females as compared to Caucasian 

females (21). Many studies have shown that African American females are 

disproportionately burdened by the clinical sequel associated with uterine leiomyomas. At 

the second NIH International Congress on the Advances in Uterine Leiomyoma Research in 

2005, several reports reconfirmed the fact that African American is a risk factor in the 

development of uterine leiomyomas independent of other variables. However, the exact 

incidence of uterine leiomyoma remains to be determined. Baird et al.'s sub-analysis of 

leiomyoma phenotype as multiple or single revealed that 73% of African American females 

had multiple leiomyoma on ultrasound, whereas only 45% of Caucasian females 

demonstrated this phenotype (21). Myomectomy data suggest that leiomyoma in African 

American females are larger and more numerous than among a cohort of Caucasian females. 

Kjerulff et al. reported that African American females are at increased risk for hysterectomy 

second to symptomatic leiomyomas when compared with Caucasians (26, 27). Marshall et 

al. and others have concluded that African American women tend to have larger sized 

uterine leiomyomas (23, 24, 26, 28). The likelihood of being diagnosed with uterine fibroids 

is approximately three percent a year for reproductive-age African American females (22). 

Moreover, leiomyomas diagnosed at a younger age are more often multiple and larger in 

African American females with a cumulative incidence of 80% by age 50 (21, 29).

Vitamin D and African Americans

While several studies have demonstrated that African American females are at increased risk 

for vitamin D deficiency than Caucasian females, few studies have examined determinants 

of vitamin D deficiency in this population (30). African American females are 10 times 

more likely to have vitamin D deficiency than Caucasian females (30). Studies have also 

demonstrated a lower mean 25(OH)D3 concentration in African American females than in 

Caucasian females aged 20–40 years (31-33). Thomas et al examined determinants of low 

levels of 25(OH)D3 concentrations among older, predominantly white, hospitalized patients 

and found that vitamin D intake, winter season, and being housebound were independent 

predictors of vitamin D deficiency (34). Vitamin D may be obtained from dietary sources 

such as fatty fish, fish oils, fortified foods, and vitamin supplements; however, the main 

source of vitamin D is sunlight exposure (35). During exposure to sunlight, the solar UVB 

photons are absorbed by 7-dehydrocholesterol in the skin and converted to vitamin D (36). 

Factors that affect cutaneous absorption of vitamin D include the use of sunblock, levels of 

sunlight exposure (eg, season, latitude, and time of day), and skin pigmentation. Black 

pigmentation in African Americans decreases the absorption of ultraviolet rays from the sun. 
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In addition, decreased milk consumption due to lactose intolerance reduces the levels of 

vitamin D in African Americans. In fact, African Americans may be at particularly higher 

risk for vitamin D deficiency because of their high melanin concentrations (36-38). Our 

group and others have recently demonstrated that vitamin D deficiency is an important risk 

factor for uterine fibroids (39-41). Our group also revealed that black women have lower 

levels of serum vitamin D3 as compared to white women (39). In addition, our group 

demonstrated that uterine fibroids express reduced levels of vitamin D receptor (VDR) when 

compared with adjacent myometrium (42). Therefore, it is possible that the loss of vitamin 

D functions, due to reduced levels of serum vitamin D3 and/or reduced expression of VDR 

could be an important risk factor for uterine fibroids, which could partially explain why 

African American women have increased incidence of uterine fibroids than other ethnic 

groups.

Vitamin D and Cancer

Both vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) can be obtained from 

sunlight and dietary sources. Both are then converted to 25-hydroxyvitamin D3 [25(OH)D3] 

by the enzyme 25 α-hydroxylase in the liver (36, 37). 25(OH)D3 is the major circulating 

form of vitamin D and it is widely accepted as an index of vitamin D status in humans. 

However, 25(OH)D3 is biologically inert unless it is hydroxylated in the kidneys to form 

1α,25-dihydroxyvitamin D [1α, 25(OH)2D3]. 1α, 25(OH)2D3 is a lipid-soluble hormone 

and the biologically active form of vitamin D3. This active form of vitamin D (1α, 

25(OH)2D3) mediates its biological actions through a classic steroid hormone-like 

transcriptional mechanism thus, influencing the expression of many genes. We present a 

simple model of vitamin D metabolism and its action is figure 1. The VDR is a nuclear 

protein receptor activated by 1α, 25(OH)2D3 leading to alteration in transcription rate of 

target genes. The VDR undergoes conformational change and forms a heterodimer complex 

with the retinoid X receptor alpha (RXR-α). This heterodimer complex then binds to DNA 

elements in the promoter/enhancer regions of target genes and then mediate its genomic 

actions (43). In addition, 1α, 25(OH)2D3 appears to bind to one or more cell surface 

receptors through second messenger pathways mediating certain non-genomic effects 

(44-46). Thus, 1α, 25(OH)2D3 interacts with VDR to exert a variety of functions, including 

genomic and non-genomic actions.

The biologically active form of vitamin D hormone, 1α, 25(OH)2D3 is active in almost 

every tissue in the body. As mentioned, 1α, 25(OH)2D3 binds to the nuclear VDR, and then 

to a specific target DNA sequence known as the vitamin D response elements (VDREs) are 

present not only in the proximal promoter regions, but also in the distal enhancers, 

intergenic regions, and introns of target genes (43). 1α,25(OH)2D3 can modulate gene 

expression in a tissue-specific manner and can lead to the inhibition of cellular proliferation, 

induction of differentiation, and apoptosis. These processes can ultimately lead to the 

protection of cells from malignant transformation as well as inhibition of cancer cell growth. 

Recent studies have demonstrated that the systemic administration of 1α, 25(OH)2D3 can 

induce hypercalcemia and lead to kidney stone formation. To overcome this side effect of 

hypercalcemia, several analogs of 1α, 25(OH)2D3 have been tested in animal studies which 

exhibit potent growth inhibition with decreased hypercalcemic side effect (22). Studies with 
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a 1α, 25(OH)2D3 analog, EB1089, have exhibited an antproliferative effect on colon cancer 

in an xenograft animal model (47). Another 1α, 25(OH)2D3 analog, OCT, exhibited an 

antitumor effect on a xenograft model using human breast cancer MCF-7 cell line (48). 

Additionally, another analog, LG190119, showed anti-proliferative activity when tested in a 

xenograft model using prostate cancer LNCaP cell line (49). Also, a 1α, 25(OH)2D3 analog, 

22-oxa-1α,25(OH)2D3, can reduce growth of pancreatic cancer cell lines as well as inhibit 

the growth of a BxPC-3 tumor in xenograft nude mice model (50, 51). Therefore, 1α, 

25(OH)2D3 analogs designed to avoid the hypercalcemic side effect may be more attractive 

anti-cancer agents for preclinical studies for the non-surgical and non-invasive treatment of 

cancers.

Vitamin D has been postulated to reduce cancer risk by regulating cellular proliferation and 

differentiation, inhibition of angiogenesis, and induction of apoptosis. Studies have shown 

that several cancer cell lines such as prostate, colon, breast, lung and melanoma undergo 

growth inhibition when exposed to 1α,25(OH)2D3 (37, 52-54). The anti-proliferative effects 

of 1α, 25(OH)2D3 are mainly due to the alterations in several key cell cycle regulators 

leading to the arrest of cells in the G0/G1 phase (55). In general, cell cycle progression is 

regulated by cyclins and their associated cyclin-dependent kinases (CDK) and cyclin-

dependent kinase inhibitors (CDKIs). The CDKI genes such as p21 and/or p27 contain 

VDREs within their promoter regions and are the targets of the 1α, 25(OH)2D3/VDR 

complex in many cell types, which in turn induce G1 cell-cycle arrest and reduces cell 

growth (56-58). 1α, 25(OH)2D3 can also induce apoptosis in many cells by repressing the 

expression of the anti-apoptotic protein, Bcl-2, and the pro-survival protein, Bcl-xL. 1α, 

25(OH)2D3 can also enhance the expression of pro-apoptotic proteins, Bax and Bad (59). In 

addition, 1α, 25(OH)2D3 can induce apoptosis by directly activating the caspase effector 

molecules (59). Inhibition of angiogenesis is also an important mechanism of anticancer 

action of 1α, 25(OH)2D3. Studies have reported that 1α, 25(OH)2D3 can reduce endothelial 

cell growth in vitro and can reduce angiogenesis in vivo (60-62). The anti-angiogenic effects 

of 1α, 25(OH)2D3 have been shown to reduce prostate and lung metastasis in rats animal 

models (63, 64).

Liver fibrosis is defined by excessive accumulation of extracellular matrix that ultimately 

lead to the loss of liver function. A recent study demonstrated the important role of VDR 

signaling in the suppression of liver fibrosis through the reduction of fibrotic gene 

expression in mice model (65). In that study, VDR expression was knocked down in mice 

treated with carbon tetrachloride (CCl4), a widely known hepatotoxic agent to develop liver 

fibrosis. However, treatment with low-calcemic analog of vitamin D3, calcipotrial 

attenuated liver fibrosis in those VDR knocked down mice, and they demonstrated that the 

VDR agonist possesses not only the ability to attenuate the liver fibrosis, but also has the 

potential to proactively prevent liver fibrosis in in vivo (65).

The Nuclear receptors (NRs) comprise a superfamily of transcription factors regulated by 

specific ligands and cellular signaling pathways. There are 48 NRs members of the NR 

superfamily in humans, and they directly regulate transcription of hormone-regulated genes. 

NRs play essential roles in human physiology and are major drug targets for treatment of 

reproductive abnormalities, cancer, diabetes, cardiovascular disease, and metabolic 
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syndrome (66, 67). A recent study by Yin et al demonstrated the expression profiling of 

these NRs in uterine leiomyomas and matched myometrium (68). Their study demonstrated 

that several of these NRs are dysregulated in uterine leiomyomas, while NR4A subfamily 

members were dramatically underexpressed in leiomyomas as compared with normal 

myometrium (68). They further demonstrated that downregulation of NR4A plays functional 

role in leiomyoma cell proliferation and could be a potential regulator of uterine leiomyoma 

and other fibroproliferative diseases.

Vitamin D and Leiomyoma Growth

Vitamin D deficiency and Leiomyoma (clinical observations)

African American females are 2-3 times more likely to have uterine leiomyomas than White 

females. In addition, recent studies have found that vitamin D deficiency is associated with 

an increased risk of leiomyoma. Our group was the first to demonstrate an association 

between lower serum vitamin D levels and an increased risk of uterine leiomyoma in 2013 

in a cohort of black and white females from North Africa (39). In addition, our results 

revealed a significant inverse relationship between vitamin D serum levels and the severity 

of fibroids in African American females, meaning the lower the vitamin D level, the more 

severe the leiomyoma burden. Our findings were confirmed by two other major studies by 

Baird et al and Paffoni et al (40, 41). Baird et al found that only 10% of African Americans 

and 50% of Caucasians had sufficient vitamin D levels. In addition, women with sufficient 

levels of vitamin D were less likely to have uterine fibroids with an adjusted odds ratio of 

0.68. Similarly, Paffoni et al (40, 41) found that women with vitamin D deficiency were 

more likely to have leiomyomas with an adjusted odds ratio of 2.4. A detailed description of 

these studies have been presented in the table 1. The endocrine society recommends using 

the serum circulating 25-hydroxyvitamin D [25(OH)D] level, measured by a reliable assay, 

to evaluate vitamin D status in patients who are at risk for vitamin D deficiency. Vitamin D 

deficiency is defined as a 25(OH)D below 20 ng/ml (50 nmol/liter) and vitamin D 

insufficiency as a 25(OH) D of 21–29 ng/ml (52.5– 72.5) nmol/liter (69).

Several genes are involved in vitamin D3 metabolism and several single nucleotide 

polymorphism (SNPs) are associated with 25(OH)D3 concentrations. Wise et al recently 

investigated the incidence of uterine leiomyomas in relation to polymorphism in genes 

involved in vitamin D metabolism and skin pigmentation (70). They evaluated the risk of 

uterine leiomyomas in relation to 12 polymorphisms in eight genes of a large cohort of 

African American females. These polymorphisms were localized within or near genes 

involved in vitamin D transport (GC), cholesterol synthesis (DHCR7), and hydroxylation 

(CYP2R1 and CYP24A1, a major gene in vitamin D pathway). They examined uterine 

leiomyoma risk in relation to 12 polymorphisms in 8 genes: two in GC (71), two in VDR 

(72), two in CYP2R1 (71), two near DHCR7 (71, 73), and one each in SLC24A5 (74), 

OCA2 (75), ASIP (76), and CYP24A1 (72). They identified two single nucleotide 

polymorphisms, one near DHCR7 and other in ASIP, which are significantly associated with 

uterine leiomyoma. Genome-wide association studies (GWAS) suggest that polymorphisms 

in enzyme related to activation or degradation of vitamin D and its metabolites predict 

serum levels of 25-hydroxyvitamin D3 (77). This further demonstrates the association 
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between nucleotide polymorphisms and risk of development of uterine fibroids in African 

American women.

Vitamin D and Leiomyomas (in vitro studies)

Although, estradiol and progesterone are the major stimulators of leiomyoma tumor growth, 

the precise pathophysiology of uterine leiomyomas remains unknown. Chromosomal 

abnormalities, hormonal deregulation, and growth and angiogenic factors are the most 

common concern for the etiology of these clonal smooth muscle cell proliferations (78-80). 

Catherino et al used global expression profiling to compare clonal tumors with normal 

myometrium (81). Contrary to the expected, their results revealed that genes involved in 

estrogen encoding were not differentially expressed between leiomyoma and normal 

myometrium. However, they found that genes encoding proteins from the ECM were 

overexpressed in leiomyomas. Moreover, analysis of the ECM in leiomyoma tissue revealed 

a disordered collagen fibril orientation and a decreased dermatopontin, which is a collagen-

binding protein. The reduction in dermatopotin was associated with an increase in TGF-β3 

mRNA levels. TGF-β has been found to be significantly involved in the accumulation of 

ECM proteins in leiomyoma (82). At present, TGF-β3 is the only growth factor found to be 

overexpressed in leiomyoma samples during the secretory phase (83). Recently, we 

examined COMT (Catechol-O-methyltransferase) and ER-α (estrogen receptor-alpha) 

polymorphism analyses in women from different ethnic groups (84, 85). Our investigation 

revealed that females with a high-activity genotype for COMT were 2.5 times more likely to 

develop leiomyomas than females with other genotypes. It is evident from these results and 

the results of the study on polymorphism for the ER-α in African American females, that 

submicroscopic genetic anomalies may be operational at different levels in African 

American females, likely leading to leiomyoma formation (85). Therefore, the estrogen 

hypothesis provides the most reasonable biological explanation for the increased risk of 

leiomyomas among African American females. Although, numerous studies have been 

conducted on uterine leiomyomas to understand the causes of their development, the role of 

vitamin D3 on regulation of leiomyoma had not been investigated until recently. To 

understand the biological role of vitamin D3 in the regulation of uterine leiomyomas growth, 

Blauer et al performed a study which demonstrated that the bioactive 1α, 25(OH)2D3 

inhibits the growth of both leiomyoma and myometrial cells derived from human tissues of 

premenopausal females undergoing hysterectomy (86). Growth inhibition was 

concentration-dependent, and the level of inhibition was significant at a concentration of 100 

nM-the physiological level (87, 88). We and others have recently demonstrated that women 

with uterine fibroids have lower levels of serum vitamin D3 than their healthy counterpart 

women (39-41). We also demonstrated that serum levels of vitamin D3 are inversely 

correlated with leiomyoma sizes (39), suggesting that vitamin D3 deficiency is a risk factor 

for the development of uterine leiomyoma. Based on published literature on uterine 

leiomyoma and factors that affect leiomyoma growth, we hypothesized that vitamin D3 

could be a potential regulator for uterine leiomyoma growth, and thus we performed in vitro 

studies to elucidate vitamin D3 functions. We have demonstrated in our lab that 1, 25-

dihydroxyvitamin D3 is an anti-fibrotic factor and inhibits the proliferation of the 

immortalized human uterine fibroid HuLM cells (42, 88). In one study, we evaluated the 

effect and mechanism of action of vitamin D on human uterine leiomyoma cell proliferation. 
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Cells were treated with vitamin D3 followed by measurement of proliferation cell nuclear 

antigen (PCNA), BCL-2, BCL-w, CDK1, and COMT protein levels. Results revealed 

vitamin D3 inhibits growth and induces apoptosis in cultured human leiomyoma cells 

through the down-regulation of PCNA, CDK1, and BCL-2 and suppression of COMT 

expression and activity in human leiomyoma cells (87). In a subsequent study, we examined 

the effect of vitamin D3 on TGF-β3-induced fibrosis-related protein expression in human 

cells. We found that vitamin D3 suppressed the effect of TGF-β3 on the process of fibrosis 

in human leiomyoma cells (88).

Leiomyomas are characterized by excessive deposition of ECM as well as an increase in cell 

proliferation. The ECM undergoes degradation in a physiologic process designed to repair 

and remodel it. Disruption of this degradation process leads to pathology. The major 

enzymes involved in this degradation process are matrix metalloproteinases (MMPs), which 

are in turn regulated by tissue inhibitors of matrix metalloproteinases (TIMPs). In an 

investigation to evaluate the effect of vitamin D3 on the expression and activity of MMPs in 

human uterine fibroid cells, we found vitamin D3 significantly reduced the level of MMP-2 

and MMP-9 activity (42). In addition, vitamin D3 increased levels of VDR and TIMP-2 in a 

concentration-dependent manner (42). In a subsequent study, we evaluated the risk 

associated with reduced levels of VDR protein in human uterine fibroid tumors and sought 

to determine the biological function of 1, 25(OH)D3 in regulation of ECM-associated 

proteins. We found that more than 60% of uterine fibroid tissue analyzed expressed low 

levels of VDR compared to adjacent normal myometrium (42). Treatment with bioactive 1, 

25-dihydrozyvitamin D3 induced VDR in a concentration-dependent manner in human 

fibroid cells (42). Vitamin D3 also significantly reduced the protein expression of ECM-

associated collagen type 1, fibronectin, and plasminogen activator-1 (PAI-1). Moreover, 

vitamin D decreased the abnormal expression of structural smooth muscle fibers in human 

uterine fibroid cells (42).

In a study to verify the ethnic differences in tumorigenic factors of uterine leiomyomas, Wei 

et al. identified selective genes by tissue microarray analyses and specific 

immunohistochemistry determinants involved in the development of leiomyomas and 

compared the results to matched myometrial tissue (89). The results indicated that 

progesterone receptor, PR-A was up-regulated in leiomyoma tissue of African American 

females as compared to other ethnic groups (89). Furthermore, the estrogen receptor ER-α 

was elevated in both the normal myometrial and leiomyoma tissues of African American 

females when compared with other ethnic groups (89). Recent observations from our group 

also confirmed elevated expressions of ER-α, PR-A, and PR-B in human uterine fibroids 

when compared with adjacent myometrium (90). We also observed that vitamin D3 reduced 

the expression of these sex steroid receptors in a concentration-dependent manner in an 

immortalized uterine fibroid cell line (90), indicating a possible therapeutic role of vitamin 

D3 in the treatment of uterine fibroids.

Vitamin D and fibroids (animal models)

In our recent animal study we evaluated the effect of vitamin D3 on leiomyoma growth in 

the Eker Rat model of uterine fibroids (91). We found that treatment with vitamin D3 
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significantly reduced leiomyoma size by suppressing cell growth and proliferation-related 

genes, anti-apoptotic genes and estrogen and progesterone receptors (91). Results revealed 

suppression of cell growth and proliferation-related genes (PCNA, cyclin D1 [Ccnd1], c-

Myc, CDK1, CDK2, and CDK4). Anti-apoptotic genes (BCL2 and BCL-xl), estrogen 

receptor ER-α, and progesterone receptors PR-A and PR-B were all suppressed. Toxicity 

panels revealed similar levels of SGOT, SGPT, calcium and total bilirubin in vitamin D3 

treated animals compared to untreated controls (91). In another study, we examined the 

effect of paricalcitol, an analog of 1, 25-dihydroxyvitqmin D3 with lower hypercalcemic and 

potential activator of VDR, on uterine fibroids as compared to both vitamin D3 and placebo 

(92). We found that both 1, 25-dihydroxyvitamin D3 and paricalcitol significantly reduced 

fibroid tumor size in female nude mice. A recent study demonstrated that administration of 

paricalcitol is associated with the reduction of cardiac fibrosis, and lower expression of 

profibrotic genes in the heart, and that ultimately can improve heart function in a murine 

model (93). Based on our in vitro and in vivo studies, we have proposed mechanism(s) by 

which vitamin D may function in regulating the proliferation of fibroid cells and fibroid 

tumor growth (Figure 2). These findings suggest that vitamin D3 or paricalcitol may be 

considered as a therapeutic option for the effective, safe non-surgical long-term medical 

treatment for uterine fibroids.

Conclusions

Vitamin D is known as the main regulator of calcium hemostasis. Several studies have 

demonstrated that 1, 25-dihydroxyvitamin D is a potent anti-tumor agent that inhibits 

leiomyoma cell proliferation in vitro and decreases the size of uterine leiomyomas in vivo 

animal models. These observations and findings further support the potential role of 1α, 

25(OH)2D3 or its potent analogues in the non-surgical treatment of uterine leiomyomas. 

Further research is necessary to fully understand the role of vitamin D3 on leiomyoma 

growth, but more importantly, in further investigating the utility and efficacy of vitamin D3 

as a non-surgical and non-invasive treatment of leiomyomas. To date, no randomized 

controlled trial has been implemented to prospectively assess the efficacy of vitamin D in 

the management of uterine fibroids. Thus, randomized controlled trials are needed to 

investigate the therapeutic effects of vitamin D3 on uterine leiomyomas.

Future Direction

The physiological nontoxic circulating level of vitamin D3 (25-hydroxyvitamin D3) is 30 

ng/ml and can usually be accomplished by an intake of 2,000 IU/day. The chronic or acute 

administration of higher doses of vitamin D3 can cause vitamin D toxicity, leading to 

hypercalcemia and functional hypoparathyroidism and resulting in frequent fractures and 

bone pain. A safe dose of 0.5 μg/kg/day equivalent to 1,400 IU for a 70 Kg adult was used in 

our studies (91, 92). The Endocrine Society practice guidelines on the treatment of vitamin 

D deficiency recommends that adults who are vitamin D deficient be treated with 50,000 IU 

of vitamin D2 or vitamin D3 once a week for 8 weeks or its equivalent of 6000 IU of vitamin 

D2 or vitamin D3 daily to achieve a blood level of 25(OH)D above 30 ng/ml, followed by 

maintenance therapy of 1500–2000 IU/d (69). Vitamin D toxicity could be prevented with 

short term vitamin D deficiency treatment then maintenance therapy. The yearly cost of 
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maintenance therapy would be around 32 dollars. The cost of the 8 weeks treatment therapy 

would be less than 16 dollars. In our Eker model, we used 0.5 μg/kg per day dosage of 

vitamins D3, which is equivalent to 1400 IU for an adult having a body weight of 70 kg 

(91). Thus, 1400 IU is a possible nontoxic and effective treatment of uterine leiomyoma.

Moreover, analogs of vitamin D3 have been successfully synthesized and their anti-

proliferative properties with reduced hypercalcemic effect have been previously 

demonstrated (94-96). Our investigation with paricalcitol confirm these findings and suggest 

that vitamin D3 analogs could be potential candidates for an effective, safe, and noninvasive 

medical treatment option for uterine fibroids (92). The next endeavor is to investigate these 

analogs through the conduct of a clinical trial for the evaluation of their effectiveness and 

safety in treating human uterine fibroids.
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Precis

Vitamin D3 or its hypocalcemic analog, paricalcitol may be a novel therapeutic approach 

as an effective, safe non-surgical treatment option for uterine fibroids.
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Figure. 1. 
Schematic diagram of vitamin D metabolism and its physiological action. Sunlight and diet 

are the main sources of vitamin D. Vitamin D2 can only be obtained from plant sources. 

Vitamin D3 is derived from animal sources and is produced in the skin when 7-

dehydrocholesterol reacts with ultraviolet (UV) B light from the sun at wavelengths between 

270 and 290 nm. Vitamin D3 that is converted from 7-dehydrocholesterol transfer to the 

blood, which is hydroxylated by the liver hydroxylase, CYP27A1 to form circulating 25-

hydroxyvitamin D3 [25(OH)D3]. The biologically active form of vitamin D3, 1,25-

dihydroxivitamin D3 [1,25(OH)2D3] is synthesized by further hydroxylation of 25(OH)D3 

by the kidney 1a, hydroxylase, CYP27B1. 1,25(OH)2D3 is mainly involved in the calcium 

homeostasis, and its formation is tightly regulated by the body. Once the bioactive vitamin 

D3 binds to its own nuclear vitamin D receptor (VDR), then VDR undergoes conformational 

change and forms a heterodimer with the retinoid X receptor-alpha (RXR-α), which in turn 

binds to vitamin D response element (VDRE) present not only in the proximal promoter 

regions, but also in the distal enhancers, intergenic regions, and introns of target genes, and 

then negatively or positively regulates the transcription of target genes.
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Figure 2. 
Mechanism of vitamin D action in uterine fibroid development.
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Table 1

Recent investigation demonstrating the relationship between vitamin D and uterine fibroids.

Sabry et al. (2013) Baird et al. (2013) Paffoni et al. (2013)

Number of participants N=154; 104 with fibroids & 50 
controls; 87 black & 67

1036; 620 black & 416 white 384; 128 with fibroids & 256 control

OR/CI Not: reported Adjusted protective OR: 0.68; 95% 
CI: 0.48–0.96 for 25OHD

2.5 (95% CI: 1.2–4.9; p = 0.016) >20 
ng/ml

Race/Ethnicity Black and White Black and White Italian

Serum level 25(OH)D UF: 19.7 ± 11.8 ng/ml
Control: 22.3 ± 6.5 ng/ml

Only 10% of blacks and 50% of 
whites had sufficient levels

UF: 18.0 ± 7.7 ng/ml
Control: 20.8 ± 11.1 ng/ml

Assays Radio-immunoassay Radio-immunoassay Chemiluminescence

25(OH)D: 25-hydroxyvitamin D; OR: Odds ratio; UF: Uterine fibroid.
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