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Tweetable Abstract
The study evaluated the mechanisms by which vitamin D influ-
ences the development of fibroids through a search of electronic 
databases from January 2009 to October 2019. The search in-
cluded articles published in full in the last ten years in English, 
Portuguese, and Spanish and publications that met the proposed 
objective described in PICO.

Introduction 
Currently, uterine fibroids affect approximately 30 to 60% of the 
world's population and 20 to 40% of women of reproductive age 
[1]. Fibroids are the most common type of benign tumor of the 
female genital tract [2-6]. They are the fifth leading cause of hos-
pitalization unrelated to pregnancy in women between 15 and 44 

years [3, 7]. The actual incidence of this disease is unknown, as 
many women are asymptomatic. Usually, fibroids vary signifi-
cantly in size, location, and symptoms and are associated with 
hormonal, genetic, and molecular variables [8, 2, 3].

Genetic alterations in these tumors are triggered by myometri-
um abnormalities, a congenital increase of estrogen receptors, 
hormonal alterations, or ischemic lesions during menstruation. 
These changes are usually influenced by promoters (hormones) 
and effectors (growth factors) [3]. Extensive research has iden-
tified several factors related to a higher occurrence of uterine 
fibroids, but data are still inconsistent and conflicting [9, 10]. A 
recently published systematic review highlights factors that in-
crease uterine myomas (UM): black race, high body mass index 
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Abstract
Background: Fibroids are benign tumors found in women of reproductive age and are associated with hormonal, 
genetic, and molecular variables.

Methods: A systematic review was elaborated to search for the mechanisms by which vitamin D influences the 
development of fibroids. Electronic databases were searched from January 2009 to October 2019. The Internet search 
tool includes the PUBMED, COCHRANE, and EMBASE search engines. Scientific articles, meta-analyses, therapeutic 
guidelines, reviews, and research articles were consulted, and the most recent guidelines on the subject, according to the 
Brazilian Society of Gynecology. The inclusion criteria were publications in the last ten years in English, Portuguese, 
and Spanish; publications that met the proposed objective described in PICO: a. Randomized trials; B. Observational 
studies (including cohort and case-control studies). Exclusion criteria included: articles published before 2009; 
languages ​​other than English, Portuguese, and Spanish; articles that did not meet the research objectives; ongoing 
studies and abstracts. For data collection and analysis, the selected studies were divided into: 1. Newcastle-Ottawa 
Scale-Case-Control Studies and Cohort Studies; 2. COCHRANE manual for systematic intervention reviews.

Results: 12 out of 15 studies were non-randomized studies (80%) with Kappa values ​​above six. Kappa agreement was 
0.615, suggesting good or substantial agreement.

Conclusion: Vitamin D (1,25(OH)2 D3) plays a significant role in cell growth control, programmed cell death, and DNA 
damage. Low levels of Vitamin D seem to be an essential factor in the etiopathogenesis of uterine fibroids.
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(BMI), age, premenopausal status, hypertension, family history, 
and consumption of food additives [10].

Pharmacological treatments are conservative, reducing symp-
toms through a temporary decrease in the uterus' volume and 
size of the myoma. However, they are frequently ineffective in 
definitively eliminating tumors and preventing recurrences [11]. 
Current treatments act on estrogen and progesterone receptors 
that are usually increased in fibroids compared to normal myo-
metrium. Ovarian steroids influence tumor growth, causing 
higher proliferative and mitotic activity in the secretory phase. 
Therefore, most treatments are hormonal or act on target hor-
mones and associated receptors, interfering with myoma growth 
[11, 12]. Anti-inflammatory drugs, fibrinolysis inhibitors, con-
traceptives, and progestogens are intended to alleviate symp-
toms only.

The role of vitamin D has recently been extended beyond the 
control of calcium metabolism. The regulation of cell prolifera-
tion and differentiation, angiogenesis, and apoptosis, processes 
that participate in the development of a tumor, has been dis-
cussed recently and associated with vitamin D. Consequently, 
the role of vitamin D has also been a suggested candidate in the 
development of uterine fibroids. Studies have shown that vita-
min D deficiency plays a significant role in the growth of uterine 
fibroids in women [13-15]. According to several studies, women 
with low vitamin D levels have severe fibroids cases, while those 
with adequate vitamin D levels are less likely to develop fibroids 
[13-15]. Thus, an updated review on the action of vitamin D and 
associated receptors on the pathophysiology and management of 
fibroids is highly relevant.

Methods
A systematic review of the role of vitamin D in uterine fibroids 
was conducted according to the PICO technique, to define the 
questions and guide search strategies [16, 17].

Eligibility Criteria
Inclusion criteria for the review were: publication in full for-
mat in the last ten years in English, Portuguese, and Spanish; 
publications meeting the proposed objective described in PICO 
(Supplementary file S1):
a.	 a. Randomized trials to assess the beneficial effects of vita-

min D treatments.
b.	 b. Observational studies (including cohort and case-control 

studies) to assess the action of vitamin D and associated re-
ceptors on the pathophysiology of uterine fibroids.

Exclusion Criteria Included: articles published before 2010; ar-
ticles in languages other than English, Portuguese, and Spanish; 
articles that did not meet the research objectives; ongoing stud-
ies; abstract studies.

Search Strategy
The electronic databases were searched between January 2009 
to October 2019. The internet search tool included PUBMED, 
COCHRANE, and EMBASE search engines. Of these, scientif-
ic articles, meta-analyses, therapeutic guidelines, reviews, and 
research articles were consulted, as well as the last guidelines 
on the subject, prepared by the Brazilian Society of Gynecology 
(Supplementary file S2).

The keywords used were Fibroids; Leiomyoma; Uterine Fibro-
ma, Vitamin D; Vitamin D Receptors. The descriptors were se-
lected from the database, including all synonyms separated by 
the terms "AND" and "OR", to increase the sensitivity of the first 
search, resulting in 304 studies.
Study Selection and Data Collection
The choice of studies was performed by two independent au-
thors who selected the studies meeting the selection criteria. 
Disagreements were resolved by consensus or, if there was no 
consensus, by the decision of a third reviewer. In a previous-
ly created spreadsheet, the following variables were added for 
analysis: selection by the first evaluator and selection by the sec-
ond evaluator; reasons for exclusion; final agreement.

Quality Assessment and Evidence
Together, the selected studies were divided into three tables, ac-
cording to the type of study (Case-Control, Cohort, and Ran-
domized Studies), and divided into: 
1.	 The Newcastle-Ottawa Scale (NOS) – Case-Control Studies 

and Cohort Studies (Supplementary file S3); 
2.	 COCHRANE Handbook for Systematic Reviews of Inter-

vention (Supplementary file S4).

The methodological quality of the cohort and case-control stud-
ies using the Newcastle-Ottawa scale was calculated in three 
components: selection of groups (0 - 4 points), quality of fit 
(0 - 2 points), and assessment of exposure after outcome (0 - 3 
points). Scores above 6 points consider the study of high meth-
odological quality.

To assess the degree of agreement between two or more evalu-
ators, the Kappa index was used (Supplementary file S5) [18].

The COCHRANE Handbook for Systematic Reviews of In-
tervention was used to assess the risk of bias in clinical trials 
through a domain-based assessment tool. It is a two-part tool 
containing seven domains: random sequence generation, allo-
cation concealment, blinding of participants and professionals, 
blinding of evaluators' outcomes, incomplete outcomes, selec-
tive outcome reporting, and other sources of bias. The first part 
describes what was reported in the study evaluated in sufficient 
detail to judge the information. The second part is the judgment 
regarding the risk of bias for each of the analyzed domains, 
which can be classified into three categories: low risk of bias 
(green color), high risk of bias (red), or uncertain risk of bias 
(yellow). Tables were created from existing questions in ques-
tionnaires referring to the Case-Control Study, Cohort Study, 
and Randomized Studies (Supplementary file S6). After anal-
ysis, graphs were drawn to assess the relevance of the articles.

Outcomes Evaluated
Outcomes of interest were: (a) genetic variants and vitamin D 
receptors in the treatment of fibroids, (b) serum vitamin D lev-
els and increased risk of fibroids, (c) the effect of paricalcitol 
(vitamin D analog) on fibroids' cells (d) genetic relationship of 
vitamin D metabolism and skin pigmentation.

Results
Articles (304) were found through the search carried out in three 
selected databases. However, when delimiting the period of the 
last 10 (ten) years in full format, 295 articles remained, of which 
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18 (eighteen) were selected to compose this systematic review 
(Figure 1). Due to the studies' considerable heterogeneity, it 
was impossible to quantitatively integrate the data through me-
ta-analysis.

Figure 1:  Flowchart of the systematic review and studies se-
lection.

Subsequently, the articles were evaluated for relevance, through 
the sum of stars, according to the answers presented in the spe-
cific questionnaires. The process is represented below (Figures 
2 and 3).

Figure 2: Detailed evaluation of Cochrane systematic reviews 
and the risk of bias.

Figure 3: Detailed evaluation of systematic reviews and the risk 
of bias (%).

The quality of non-randomized studies (case-control and cohort) 
was assessed using the Newcastle-Ottawa Scale (NOS). In our 
work, 12 of the 18 studies (70%) had values above six. The Kap-
pa agreement between reviewers for the NOS was 0.615, sug-
gesting good or substantial agreement. 

The study's characteristics are detailed in Table 1.

Table 1: Summary of the studies selected for the systematic analysis.

Author
 (year)

Type of Study Population 
Studied

Intervention Group Control Group Measured Outcome Key Results

Halder et al. 
(2011)26 

Case-Control Study   HuLM cells HuLM cells treated 
with TGF-β3 with 

vitamin D3

HuLM cells treated 
with TGF-β3 with-

out vitamin D3

To test the effect of 
vitamin D3 on TGF-
β3-induced protein 
expression of colla-
gen type 1 proteins, 
fibronectin and plas-
minogen activator 

inhibitor-1.

TGF-β3 induced expression 
of fibronectin protein and type 
1 collagen in HuLM cells. 
TGF-β3 also induced plasmino-
gen activator inhibitor-1 protein 
expression. TGF-β3 induced 
Smad2 phosphorylation as well 
as Smad2 and Smad3 nuclear 
translocation in HuLM cells, 
whereas vitamin D significantly 
reduced all these TGF-β3 medi-

ated effects
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Sharan et al. 
(2011)27

Cohort Study HuLM cell lineage HuLM cells were 
treated with vitamin 
D for 48 h and cell 
lysates analyzed by 

Western blot.

---- The levels of PCNA, 
BCL-2, BCL-w, 
CDK-1 and COMT 
proteins were an-
alyzed by Western 

blot.

Vitamin D inhibited the growth 
of HuLM cells compared to 
control cells. Vitamin D in-
hibited ERK activation and 
decreased BCL-2, BCL-w, 
CDK1 and PCNA expression. It 
demonstrated inhibitory effects 
of vitamin D on COMT expres-
sion and enzymatic activity. 
The silencing of endogenous 
COMT expression abolished 
vitamin D-mediated inhibition 

of HuLM cell proliferation.

Halder et al. 
(2012)21

Case-Control Study Female rats with 
myoma, between 

14-16 months.

6 female rats with 
fibroids, treated with 
vitamin D using an 

infusion pump

6 rats with myoma, 
treated with eth-

ylene glycol

Evaluate the antitu-
mor and therapeutic 
effects of 1,25(OH)2 
D3 on uterine fi-

broids.

Treatment with 1,25(OH)2 D3 
reduced leiomyoma size by 
suppressing genes related to cell 
growth and proliferation (Pcna, 
cyclin D1 [Ccnd1], Myc, Cdk1, 
Cdk2 and Cdk4), anti-apoptotic 
genes (Bcl2 and Bcl2l1 [Bcl-x]) 
and estrogen and progesterone 
receptors. Furthermore, im-
munohistochemistry revealed 
decreased expression of PCNA 
and MKI67 (a marker of prolif-
eration) and increased expres-
sion of caspase 3 in leiomyo-
mas of Eker rats treated with 

1,25(OH)2 D3.

Halder et al. 
(2013)28

Case-Control Study Cell lines of 40 
women aged 35-
53 years undergo-
ing hysterectomy 

for fibroids.

Myoma cell lines 
were examined by 
Western blot analy-
sis using anti-VDR 
and anti-b-actin an-

tibodies.

Standard uterine 
smooth muscle cell 
lines were exam-
ined by Western 
blot analysis using 
anti-VDR and an-
ti-b-actin antibod-

ies.

Evaluate VDR ex-
pression levels in 
uterine fibroids 
compared to levels 
in adjacent normal 

myometrium.

Fibroids express reduced lev-
els of VDR compared to adja-
cent normal myometrium and 
1,25(OH)2 D3 treatment can 
potentially reduce aberrant ex-
pression of ECM-associated 

proteins in HuLM cells

Halder et al.
(2013)23

Cohort Study Cell lines were 
obtained from an 
African-Ameri-
can woman who 
underwent lapa-
roscopic hyster-
ectomy to remove 
uterine fibroids 

surgically.

Fibroids cell line. Standard Uterine 
Smooth Muscle 

Cell Lines

To evaluate the ex-
pression of various 
matrix metallopro-
teinases (MMPs), 
metalloproteinase 
inhibitors (TIMP) 
1 and 2 and the ac-
tivities of MMP-2 
and MMP-9 af-
ter treatment with 

1,25(OH)2 D3.

1,25(OH)2 D3 effectively re-
duced the expression and activ-
ities of MMP-2 and MMP-9 in 
cultured human uterine fibroid 

cells.

Halder et al. 
(2014)21

Case-Control Study Tissue from fe-
male rats aged 5 - 

6 weeks

8 rats received 1.25 
(OH)2 D3 admin-
istered by micro 
osmotic pumps, 
and the final group 
received treatment 

with Paricalcitol

8 rats received 
95% propylene 
glycol (PEG) and 
5% ethyl alcohol 

(control)

Evaluate the ther-
apeutic action 
of Paricalcitol, a 
1,25(OH)2 D3 ana-
log against uterine 

fibroids

It was found that Paricalcitol 
has the potential to reduce the 
proliferation of immortalized 
human uterine fibroid cells. The 
results suggest that Paricalcitol 
may be a potential candidate for 
an effective, safe, and non-inva-
sive medical treatment option 

for uterine fibroids.

Wise et al
(2014)22

Cohort Study Women between 
21-69 years old

2,232 premeno-
pausal women with 
uterine fibroids con-
firmed by ultrasound 
or surgery during 

1997–2011.

2,432 premeno-
pausal women nev-
er diagnosed with 
uterine myomato-

sis until 2011.

To assess the inci-
dence of fibroids in 
relation to polymor-
phisms in genes in-
volved in vitamin D 
metabolism and skin 
pigmentation in pre-
menopausal women.

Three of the twelve polymor-
phisms were associated with 
fibroids at the nominal signif-
icance level: rs4944957 and 
rs12800438 next to DHCR7 
and rs6058017 in ASIP. Two 
of the polymorphisms re-
mained significantly associated 
with myoma (rs12800438 and 

rs6058017).
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Al-Hendy et 
al. (2015)30

Case-Control Study Myoma cells and 
adjacent myome-

trium

Myoma cells 
were treated with 
1,25(OH)2 D3 and 
analyzed for expres-
sion and localization 

of receptors.

Adjacent myo-
metrium cells 
were treated with 
1,25(OH)2 D3 and 
analyzed for recep-
tor expression and 

location

To study the role of 
1,25(OH)2 D3 in 
the expression of 
estrogen receptor 
(ER)-α, progester-
one receptor (PR)-A 
and PR-B, as well 
as members of the 
co-activator family 
of estrogen recep-
tors (SRC) in fibroid 

cells.

An inverse correlation was 
observed between estrogen 
receptor-α (ER-α), progester-
one receptor-A (PR-A) and 
progesterone receptor-B (PR-
B) and vitamin D expression 
(VDR) in fibroids. Treatment 
with 1,25(OH)2 D3 significant-
ly decreased ER-α, PR-A and 
PR-B levels, as well as steroid 
receptor coactivators (SRCs) 
in human uterine leiomyoma 
cells (HuLM). In contrast, 
11,25(OH)2 D3 self-induced 
its own VDR, which induced 
the VDR-retinoid X receptor-α 
complex in HuLM cells. To-
gether, these results suggest 
that 1,25(OH)2 D3 antagonizes 
sex steroid hormone receptors 

on HuLM cells.

S h a h b a z i 
(2016)23 

Case-Control Study 98 women 45 women with 
uterine fibroids di-
agnosed by imaging 
and laboratory tests

53 healthy women 
volunteer with no 
family history of 

myoma.

To evaluate the dis-
tribution of the fok 
1 polymorphism in 
Iranian patients with 

uterine fibroids.

The results demonstrated a 
correlation between the VDR 
TT genotype and myoma. This 
study supports the increased 
risk of fibroids associated with 

VDR polymorphism

A l - H e n d y 
et.al. (2016)31

Cohort Study Women under-
going surgery 
(hysterectomy or 
m y o m e c t o m y ) 
to remove the fi-

broids.

Myoma cells were 
treated with increas-
ing doses of vitamin 

D for 48 hours

HuLM cells were 
treated with in-
creasing doses of 
vitamin D for 48 

hours.

To evaluate the role 
of vitamin D3 in 
modulating Wnt 
/-catenin and rapa-
mycin (mTOR) sig-
naling in myoma 

cells.

Fibroids with Med12 somatic 
mutations showed up-regula-
tion of Wnt4 and alpha-caten-
in compared to the adjacent 
myometrium. Vitamin D3 ad-
ministration reduced Wnt4 and 
cat-catenin levels in HuLM and 
PUF cells, reduced mTOR sig-
naling expression/activation in 
both cell types, increased DNA 
damage-induced gene expres-
sion 4 (an mTOR inhibitor) and 
tuberous sclerosis (TSC1/2) 
in a concentration-dependent 
manner in HuLM cells. There 
was also a reduction in the con-
centration of Wisp1 (Wnt 1-in-
duced signaling protein 1) and 
flap endonuclease 1 protein in 

HuLM cells.

Ciebiera et 
al. (2016)9

Cohort Study 188 women 105 women admitted 
for fibroid surgery.

83 healthy women 
of similar age, with 
a normal uterus, 

free of fibroids.

To evaluate the in-
fluence of 25(OH) 
vitamin D and serum 
TGF-3 concentra-
tions, weight, and 
family history on the 
risk of developing 

uterine fibroids.

The study found higher BMI, 
positive family history, and 
lower serum concentrations of 
vitamin D and TGF-β3 as risk 

factors for uterine fibroids.

Ali et al. 
(2019)32

Case-Control Study Women of repro-
ductive age (22-55 
years) undergoing 
hysterectomy or 
myomectomy for 
symptomatic fi-

broids

Myoma cells were 
treated with 100nM 
vitamin D for 3 days

Primary cells iso-
lated from corre-
sponding adjacent 
myometrium treat-
ed with vitamin D 
and ethanol vehicle 

added.

To evaluate the role 
of vitamin D in fi-
broids, through the 
recovery of the dam-
aged DNA repair 
system, in inhibiting 
the progression of 

the fibroid.

Myoma cells accumulate unre-
paired DSB concomitant with 
reduced expression of a vast 
network of DNA repair pro-
teins. Vitamin D3/VDR is func-
tionally linked to DNA damage 
and instability in uterine fibroid 

cells.
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Elhusseini H 
et al. (2018)20

Case-Control Study Female rats with 
fibroids, 4-6 

weeks old.

Female rats with a 
vitamin D deficient 

diet for 8 weeks.

Female rats fed a 
regular diet con-
taining 4 IU/g vita-
min D for 8 weeks.

To evaluate, in in 
vivo mice with a 
vitamin D-deficient 
diet, the effect of 
vitamin D deficien-
cy on inflammation, 
genomic instability, 
and myometrium 

proliferation.

Vitamin D deficiency was as-
sociated with increased expres-
sion of sex steroid receptors in 
the myometrium of fibroids, 
increased expression of genes 
related to proliferation, promo-
tion of fibrosis and increased 
inflammation, and promotion 
of immunosuppression. Also, 
a diet deficient in vitamin D 
increased DNA damage in the 

myometrium.

Liu F. et al. 
(2018)33

Case-Control Study Women who un-
derwent hysterec-
tomy or myomec-
tomy for fibroids, 
aged 31 to 53 

years 

Uterine fibroid tissue Normal adjacent 
tissue

To evaluate the ex-
pression of vitamin 
D receptor (VDR) 
and cyclooxygen-
ase-2 (COX-2) in 
healthy fibroids and 

smooth muscle.

VDR expression decreased, and 
COX-2 expression increased in 
fibroids compared to healthy 

uterine smooth muscle.

Othman et al. 
(2018)4

Case-Control Study Women undergo-
ing hysterectomy 
for symptomatic 
uterine fibroids, 
diagnosed through 
clinical and ul-
t r a sonograph ic 
examinations and 
confirmed post-
operatively by 
histopathological 

diagnostic

Uterine Fibroids 
Tissue

Adjacent myome-
trium tissue and 
normal myometri-

um tissue.

To evaluate the tis-
sue concentration 
of 1,25 (OH)2 D3 
and the expression 
level of the gene 
CYP27B1, which 
encodes 1-α hydrox-
ylase (vitamin D 
activating enzyme). 
Moreover, to eval-
uate CYP24A1, 
which encodes 
24-hydroxylase (a 
catabolic vitamin D  
enzyme ) in fibroids, 
adjacent myome-
trium, and normal 

myometrium.

Fibroids contain significantly 
lower concentration of 1.25 
dihydroxyvitamin D3 than 
Myo-F. ULM, Myo-F and 
Myo-N express CYP27B1, 
which codes for 1-hydroxylase. 
Fibroids express a significant-
ly higher level of CYP24A1 
encoding 24-hydroxylase than 
Myo-N, indicating that 24-hy-
droxylase overexpression is a 
mechanism by which fibroids 
sustain a hypovitaminosis D 

state.

Yilmaz G et 
al (2018)24

Case-Control Study Women with or 
without uterine fi-

broids

Peripheral blood 
samples from wom-
en with uterine fi-

broids (n = 27)

Peripheral blood 
samples from 
healthy women (n 

= 33)

Evaluate the asso-
ciation between the 
fok1 polymorphism 
and uterine fibroids.

There was a statistically signif-
icant difference in the CC gen-
otype frequency between the 
fibroid and control groups. The 
frequencies of the T allele in 
the fibroid group were signifi-
cantly higher than in the control 

group.

Corachan et 
al (2019)34

Case-Control Study Women between 
35 and 52 years 
old submitted to 
myomectomy or 
hysterectomy due 
to symptomatic fi-
broids and with no 
previous hormonal 

treatment

HULP cells treated 
with 100 nM vitamin 

D for 144 hours

Untreated HULP 
cells

Evaluate HULP cells 
treated with or with-
out vitamin D to as-
sess the effect on cell 
proliferation, cell 
cycle, Wnt/-catenin 
genes, Wnt-related 
proteins (protein ma-
trix), and apoptosis.

The fibroid tissues compared 
with adjacent myometrium 
showed higher proliferation 
and altered the Wnt / b-catenin 
pathway, while no differences 
were observed in apoptosis. 
1,25(OH)2 D3 induced cell 
growth arrest and decreased 
proliferation in HULP cells. 
Furthermore, Vitamin D re-
duced the expression of the 
Wnt pathway in HULP cells at 
gene and protein levels. How-
ever, 1,25(OH)2 D3 did not in-

duce apoptosis expression.

Hajhashemi 
et al. (2019)25

Case-Control Study Women between 
35 and 49 years 
old with fibroids 
and vitamin D de-

ficiency

Group treated (n = 
35) with vitamin D 
50,000 IU every 2 
weeks for 10 weeks

Control group (n = 
34) received a pla-
cebo in the same 

color and shape.

To evaluate the ef-
fect of vitamin D 
supplementation on 
fibroid size offered 
to women with vita-

min D deficiency.

After a 10-week intervention, 
1,25(OH)2 D3 levels were sig-
nificantly higher in the vitamin 
D receiving supplementation. 
The size of fibroids in the 
1,25(OH)2 D3 group signifi-
cantly decreased compared to 

the placebo group.
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Discussion
The systematic review included 18 studies with vitamin D; of 
these, three studies used animal models, ten studies were per-
formed in vitro, and five were clinical observations. Studies in 
rats showed that genes related to cell growth and proliferation, 
anti-apoptotic, estrogen, and progesterone receptors, as well as 
caspase expression, decreased the size of fibroids in rats treated 
with 1,25(OH)2D3 [19, 20]. Furthermore, vitamin D deficien-
cy in rats led to fibrosis growth, increased inflammation, and 
immunosuppression. The vitamin D-deficient diet increased 
DNA damage in the myometrium [20]. In addition, paricalcitol 
(a vitamin D analog) and vitamin D administered to female rats 
reduced the size of fibroids. Both activated the enzyme caspase, 
demonstrating that paricalcitol reduces fibroids' cell prolifera-
tion more efficiently than vitamin D itself [21].

Wise et al., 2014 demonstrated that genes involved in vitamin D 
metabolism and skin pigmentation are associated with fibroids 
(rs12800438 and rs6058017), fok1 genotype and Vitamin D Re-
ceptor (VDR) TT genotype (T allele) and are risk factors for de-
veloping fibroids [22-24]. For two other clinical studies, higher 
BMI, positive family history, low concentrations of vitamin D, 
and higher serum concentration of transforming growth factor 
(TGF-3) increased the probability of developing fibroids while 
higher concentrations of serum vitamin D reduced fibroids’ 
risk [9]. In addition, the fibroids’ size significantly decreased in 
women treated with vitamin D at 50,000 IU every two weeks, 
for ten weeks, compared to the placebo group [25]. 

The in vitro studies reported here involved immortalized human 
uterine leiomyoma (HuLM) cells, isolated myoma cells and 
HULP cells [26, 27, 4, 28-34]. The variables studied in vitro 
were estrogen receptors (VDR), TGF-3 induced fibrosis, extra-
cellular matrix metalloproteinases (MMPs), sex steroid recep-
tors, the Wnt / -catenin system, damaged DNA repair system 
recovery, proteins involved in apoptosis and cell proliferation, 
gene expression of 1-α hydroxylase (vitamin D activating en-
zyme) and 24-hydroxylase (vitamin D catabolic enzyme). 

Next, the studies were grouped according to the different roles 
of vitamin D3.

Chromosomal Abnormalities
About 40% of fibroids have chromosomal abnormalities relat-
ed to tumor development. The CYP24A1 gene, which encodes 
24-hydroxylase, has altered expression in several types of can-
cer. The high activity of 24-hydroxylase in malignant tissues 
causes tumor cells to degrade 1,25(OH)2 D3 and limit its an-
tiproliferative and apoptotic effects4. Othman et al. confirmed 
that uterine fibroids, similar to other tumors, express relatively 
high levels of CYP24A1, thus suppressing the antitumor effects 
of 1,25(OH)2 D3 [4]. Typical fibroids and myometrium express 
1-α hydroxylase, indicating that they can use 25-hydroxyvitamin 
D3 to produce their own 1,25(OH)2 D3. This active and local-
ly produced vitamin D3 can modulate cell functions, including 
proliferation, differentiation, apoptosis, and immune response 
by paracrine and autocrine secretion, or both [4].

Interestingly, vitamin D activates its cellular receptor, the VDR, 
a nuclear receptor that functions as a transcription factor. It plays 
an essential role in gene expression modulation and interacts 

with the VDR-response element (VDRE) in the promoter region 
of target genes [14, 24]. Polymorphism of genes involved in vita-
min D metabolism and skin pigmentation, including rs12800438 
and rs6058017, are associated with the development of fibroids 
[23]. In addition, vitamin D inhibits the inflammatory process 
through the vitamin D receptor (VDR). Results from various 
studies suggest that uterine fibroids express reduced levels of 
VDR [28, 30, 32, 33]. Moreover, vitamin D3 modulates DNA 
Damage Response (DDR) via induction of DNA repair gene ex-
pression [32]. Ali et al. showed that fibroids accumulate DDR 
and express other genes related to DNA repair [32, 20, 22].

The Wnt/b-catenin pathway controls cell proliferation, cell 
maintenance, migration, and differentiation in many types of 
cancer cells. Two studies evaluated the Wnt / alpha-catenin path-
way, specifically in uterine fibroids. Al-Hendy et al. e Corachán 
et al. showed that fibroids had mutations in the Wnt/b-catenin 
pathway, similar to cancer cells in general [31, 34].

Two studies evaluated the action of the fok1 polymorphism as-
sociated with the VDR gene in fibroids [23, 24]. Shahbazi et al. 
assessed the distribution of the fok 1 polymorphism in Iranian 
patients with leiomyomas [23]. They found a correlation be-
tween the VDR TT genotype and uterine myoma, supporting an 
increased risk of fibroids associated with VDR polymorphism. 
Yilmaz et al. concluded that fok1 genotype might be related to 
reduced risk for fibroids development [24].

Remodeling of Extracellular Matrix and Fibrosis
Fibroid’s growth increases cell proliferation and extracellu-
lar matrix (ECM) deposition [28]. Although several types of 
proteinases are involved in ECM degradation, the central en-
zymes involve matrix metalloproteinases (MMPs). Halder et 
al. observed that tissue inhibitors of matrix metalloproteinases 
(TIMP-2) are down-regulated in myomas, while the activity of 
MMPs increases [29]. Decreased TIMP-2 expression may in-
duce MMP-2 and MMP-9 expression and activity in uterine fi-
broids, similar to excessive collagen deposition causing MMP 
activation and imbalance between ECM production and degra-
dation. 1,25 (OH)2 D3 seems to reduce the expression of MMP-
2 and MMP-9 proteins in a concentration-dependent mode in 
fibroid cells. It is known that MMP-2 and MMP-9 decreased 
protein expressions are correlated with their proteolytic activity 
when treated with 1,25 (OH)2 D3 [29]. 

Transforming growth factor β (TGF-β) is a dimeric polypeptide 
responsible for controlling the differentiation and proliferation 
of cells. TGF-β3 is a standard isoform found in fibroids in high 
concentrations, as demonstrated in some studies [9, 26, 35]. It is 
well known that TGF-β3 is the isoform usually involved in ECM 
deposition and increases fibroids' size. Interestingly, vitamin D3 
is a robust antifibrotic factor, reducing the expression of collagen 
and other TGF-β3-dependent factors in uterine fibroid cells in a 
dose-dependent manner [9, 20, 26, 36]. Type 1 collagen and fi-
bronectin are also overexpressed in uterine fibroids [19, 26, 28].

Cell Apoptosis
Vitamin D3 inhibits the cell cycle and induces apoptosis, or re-
duces tumor metastasis through the regulation of proteases [37, 
21]. In addition, vitamin D3 can control the BCL-2 gene family, 
which is essential for signaling mechanisms in apoptosis. Halder 



www.mkscienceset.comPage No: 08 J of Gyne Obste & Mother Health 2023

et al. observed that vitamin D3 reduced the cell proliferation 
marker Proliferating Cell Nuclear Antigen (PCNA), anti-apop-
totic proteins BCL2, and the expression of cell cycle regulatory 
proteins in HuLM cells [19]. In addition, expression blocking 
of anti-apoptotic BCL-2 and BCL caspase-3 was observed [20, 
38]. In contrast, Corachan et al. did not observe regulation of 
apoptosis but an antiproliferative action and cell growth arrest in 
cells treated with vitamin D3 [34].

Cell Proliferation
PCNA is a marker that is involved in cell growth and prolifer-
ation, as well as tumorigenicity. Sharan et al. carried out a study 
with HuLM cells treated with vitamin D for 48 h and observed that 
vitamin D reduces the expression of PCNA in fibroid cells [27]. 

A range of receptors modulate fibroids' growth, both positively 
and negatively. These receptors are associated with sex steroid 
α receptor, estrogen β receptor, progesterone A and B receptors, 
growth hormones, prolactin, extracellular matrix genes, and cell 
apoptosis [3]. Ample evidence supports that estrogen and pro-
gesterone are critical for fibroids' growth [21]. Reduced estrogen 
and progesterone receptors are found in Eker rats fibroids treated 
with 1,25(OH)2 D3 [19]. Moreover, vitamin D3 is a potential an-
tiestrogen receptor antagonist in rat myoma cells and Eker rats 
sex steroids receptors in HuLM cells treated with 1,25(OH)2 D3 
[20, 30].

Finally, results suggest that vitamin D may be a potent Ca-
thecol-O-methyltransferase (COMT) inhibitor in HuLM cells, 
both in terms of expression and enzymatic activity [27]. COMT 
converts 2-hydroxyestrogen, which is an estrogen antagonist in a 
variety of cells. Vitamin D deficiency can promote higher expres-
sion of COMT in fibroids, acting as a modifiable risk factor [27].

Conclusions
Vitamin D hormone (1,25(OH)2 D3) plays an essential role in 
cell growth, programmed cell death, and DNA damage. Low vi-
tamin D3 appears to be a critical factor, directly or indirectly, 
in the etiopathogenesis of uterine fibroids. There are numerous 
attempts to produce a safe, effective, and low-cost drug for treat-
ing and preventing fibroids. Identifying modifiable risk factors 
such as 1,25(OH)2 D3 deficiency is a promising route. Evidence 
exists supporting the beneficial action of vitamin D supplemen-
tation in women with small-volume fibroids. Still, additional 
randomized studies are necessary to understand deeply the role 
of vitamin D in the pathophysiology of uterine fibroids.
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