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The fine crosstalk between vitamin D
and pituitary gland

Introduction

Vitamin D is known mainly for its role in regulating bone 
metabolism and calcium-phosphate homeostasis. A hundred 
years ago, it was first demonstrated that severe vitamin D defi-
ciency causes rickets in children [1]. In adults, lack of vitamin D 
causes osteomalacia and osteoporosis. The peculiarity of vita-
min D is that, unlike other vitamins, it functions as a fat-soluble 
steroid hormone rather than a cofactor for enzymatic reactions. 

Considering that the vitamin D receptor (VDR) is almost 
ubiquitously expressed, researchers in recent decades have 
endeavored to demonstrate that vitamin D, functioning like a 
real hormone that affects several organs and tissues, is involved 
in a number of extra-skeletal activities [1]. In particular, recent 
clinical and laboratory studies suggest that vitamin D may be 
essential for physiological pituitary function, but the mecha-
nisms by which it regulates the pituitary and hormone release 
are not yet fully understood. Hypovitaminosis D has also been 
suggested to be a mechanism through which pituitary diseases 
may negatively impact bone health in humans.

The aim of the present review is therefore to collect the data 
thus far available on the crosstalk between vitamin D and the 
pituitary gland in order to provide a concise overview of this 
important subject.

Vitamin D 

Vitamin D is a fat-soluble secosteroid whose central role 
is to maintain calcium homeostasis in vertebrate organisms 
through direct actions on intestine, kidney, and bone, as well 
as indirectly through feedback inhibition of parathyroid hor-
mone (PTH) production in the parathyroid glands [1]. Vitamin D 

exists in two forms, vitamin D2 and vitamin D3, which differ 
from each another only in their side chains, where vitamin D2 
has a double bond and an extra methyl group. Vitamin D3 is 
produced in the skin from 7 dehydrocholesterol via a process 
involving ultraviolet B (290–315 nm) radiation [2], whereas vi-
tamin D2, contained in several vegetables and in some yeasts, 
is taken up through the diet [3]. 

Vitamin D per se has limited biological actions; it probably 
plays a role in protecting the skin against the carcinogenic ef-
fect of UVB radiation [2]. To become active, both vitamin D2 
and vitamin D3 must be hydroxylated to 25-hydroxyvitamin 
D (25OHD) by the 25-hydroxylase enzyme CYP2R1. This re-
action occurs primarily in the mitochondrial and microsomal 
fractions of the liver [4]. In mammals the importance of CYP2R1 
might vary depending on the species in question. Cyp2r1−/− 
mice show only reduced 25OHD production with little effect 
on serum calcium and phosphate [5], therefore it seems likely 
that other 25-hydroxylases might compensate for the lack of 
CYP2R1. Conversely in humans, mutations in CYP2R1 induce 
a greater reduction in 25OHD levels, resulting in rickets [6]. 

25OHD, the major circulating form of vitamin D, is fur-
ther hydroxylated in the kidney by the enzyme CYP27B1 to 
1,25(OH)2D, which is the real bioactive form. CYP27B1, 
which is the only 25OHD-1α hydroxylase described to date, 
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was first identified in mitochondria of renal cells. PTH stim-
ulates CYP27B1 activity, whereas fibroblast growth factor 23 
(FGF23) and 1,25(OH)2D inhibit it. Other tissues were then 
shown to express CYP27B1, such as bone, placenta, epidermis 
and other epithelial tissues, and immune cells [7]. In non-renal 
tissues, CYP27B1 is regulated by various cytokines including 
interferon-γ and tumor necrosis factor-α (TNFα). Although re-
nal and extrarenal CYP27B1 have the same sequence, different 
regions of the promoter can be activated by different regulators 
in different cell types [8]. Both 25OHD and 1,25(OH)2D are 
finally catabolized by the enzyme CYP24A1, which is present 
in most tissues. Some of the catabolites of vitamin D seem to 
have important biological effects. Indeed, bone and skin tissues 
have a specific receptor for the catabolite 24,25(OH)2D, which 
has been shown to play a role in fracture repair [9].

25OHD and 1,25(OH)2D circulate in the serum, with 
around 85% of the total available amount being bound to vita-
min D binding proteins (DBPs), and around 15% to albumin, 
which presents lower affinity [10]. The DBP gene is the most 
polymorphic gene known with 1,242 polymorphisms currently 
listed in the NCBI database. Human DBP is around 58 kDa 
depending on its glycosylation state, and it is mainly produced 
by the liver [11]. DBP expression is increased by estrogen [12], 
dexamethasone, and certain cytokines such as IL-6, but inhib-
ited by TGFβ [13]. Neither vitamin D nor any of its metabolites 
regulate DBP production [11].

As seen with the other lipophilic hormones, it is the free 
form of 25OHD that enters the cells. Once inside, HSP70 func-
tions as an intracellular carrier to deliver 25OHD to the mito-
chondria where CYP27B1 converts 25OHD to 1,25(OH)2D, 
which in turn migrates to the nucleus to exert its genomic ac-
tions [14]. Nevertheless, in some tissues, namely the kidney and 
parathyroid gland, the 25OHD-DBP complex enters the cells 
via the megalin and/or cubilin transport system [15]. Once in the 
nucleus 1,25(OH)2D exerts its action by binding a specific nu-
clear receptor, the so-called VDR. The human VDR contains 
427 amino acid residues and has high affinity for 1,25(OH)2D 
[16]. The classic genomic mechanism through which the 
1,25(OH)2D3-VDR complex regulates gene expression con-
sists of a heterodimerization with retinoid X receptor (RXR)
a. The heterodimer then translocates to the nucleus, and binds 
the specific DNA sequence, the vitamin D response element 
(VDRE) [17]. VDR/RXR localization on the VDRE induces the 
recruitment of several co-regulatory complexes that modify nu-
cleosome occupancy, and alter the chemical state of histones 
in order to facilitate the entry of the transcriptional machinery 
(RNA polymerase) [18]. Besides VDR, RXRa is able to dimerize 
with a variety of hormone receptors, including thyroid receptor, 
peroxisome proliferator-activated receptor, and other retinoic 
acid receptors, thereby regulating many endocrine processes 
[19]. VDR expression levels in the body are quite variable and 
highly dependent on the differentiation state of the cell ana-
lyzed [20]. The highest concentration of VDR can be found in 
intestine, kidney and bone, but its presence has also been dis-
covered in many other tissues not directly involved in calcium 
homeostasis (e.g., pancreas, skin, immune cells), suggesting 
that vitamin D affects many cellular processes beyond calcium 
homeostasis [20,21].

Interestingly, VDRs are also found in pituitary tissue, as 
demonstrated by different research approaches over the years: 
autoradiography [22], ligand bind assay [23], and mRNA expres-
sion with relative immunohistochemistry [24]. 

Vitamin D and the pituitary gland

Among the transcription factors fundamental for the pro-
duction of hormones by the pituitary cells, the most studied 
and first discovered is pituitary factor 1 (Pit-1), also known as 
POU1F1. Pit-1 is regulated by another transcriptional factor 
called prophet of Pit-1, which is necessary for the differen-
tiation and specialization of somatotrophs, lactotrophs, thy-
rotrophs, and gonadotrophs [25]. Interestingly, Pit-1 has been 
demonstrated to be a vitamin D target and to regulate VDR ex-
pression. 1,25(OH)2D3 supplementation of MCF-7 cells caus-
es a significant decrease in Pit-1 mRNA and protein expression. 
Chromatin immunoprecipitation (CHIP) analyses showed that 
VDR binds the Pit-1 promoter on specific VDREs even in the 
absence of RXR, causing a decrease in Pit-1 transcription [26]. 
Pit-1 in turn regulates the transcription of VDR in MCF-7 cells. 
External administration of Pit-1 to the cells triggers a signif-
icant increase in VDR expression, both mRNA and protein, 
which is prevented by silencing Pit-1 via siRNA techniques. 
CHIP and reporter gene assays demonstrated that Pit-1 directly 
binds VDR promoter, and that Pit-1 recruits VDR on its own 
promoter to increase its own transcription. Therefore, it seems 
that VDR control by Pit-1 might be dependent on the amount 
of VDR already present in the cells [27]. 

The crosstalk between Pit-1 and VDR suggests that the reg-
ulation of pituitary function by vitamin D is very specific. Pi-
tuitary adenomas indeed correlate with lower levels of vitamin 
D in the serum. In a cohort of patients with pituitary adenomas, 
70.4% had vitamin D deficiency, 21.6% had vitamin D insuf-
ficiency, and only 8% had adequate levels [28]. Therefore, it is 
not surprising that vitamin D levels might impact hypophyseal 
production or the activity of hormones such as growth hormone 
(GH), gonadotropins (follicle-stimulating hormone, FSH, lute-
inizing hormone, LH), prolactin, corticotropin, thyroid-stimu-
lating hormone (TSH).

Vitamin D and growth hormone
Vitamin D and the GH/IGF-I axis are essential to skeletal 
growth and bone maintenance. Vitamin D can interact with the 
GH axis at multiple levels. In the liver, 1,25(OH)2D3 regulates 
IGF-I synthesis and secretion, whereas at the pituitary level, in 
GH-secreting cells, 1,25(OH)2D3 binds to its specific receptor 
to stimulate GH secretion [29]. The finding that 1,25(OH)2D3 
binds the pituitary VDR to stimulate GH secretion is further 
supported by a study demonstrating that specific polymor-
phisms in VDR regions of GH promoter correlate with growth 
hormone deficiency (GHD) [30]. GH itself modulates vitamin D 
metabolism. 

In rats it has been demonstrated that GH can stimulate the 
renal production of 1,25(OH)2D3 and affect intestinal calcium 
absorption [31]. In male volunteers, pharmacological dosage of 
GH induced a significant increase in total vitamin D after 7 days 
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of treatment [32], and GH infusions increased 1,25(OH)2D3 lev-
els within 36h [33]. In adult patients with GHD an increased risk 
of prevalent and incident morphometric vertebral fractures has 
been observed [34-36]. In these patients, vitamin D levels, meas-
ured as 25(OH)D or 1,25(OH)2D3, seem to be lower than in 
healthy controls [29], thus possibly contributing to bone health 
impairment in this clinical setting. On the other hand, the direct 
effect of vitamin D production on GH production causes a sec-
ondary effect on the synthesis of IGF-I by the liver, thus con-
tributing to the multifactorial etiology of GHD. Furthermore, 
IGF-I itself directly stimulates the production of 1,25(OH)2D3 
by kidney cells in vitro, independently of GH [37]. 

Patients suffering from acromegaly with GH excess due to 
a pituitary adenoma are known to also present a specific form 
of osteopathy with modest or no reduction in BMD and an 
increased risk of vertebral fractures [38-40]. Altered DBP levels 
[41] as well as resistance to vitamin D have been reported in 
acromegaly leading to the hypothesis that, in this disease too, 
dysregulated vitamin D action may play a role in frequently 
observed bone damage. 

Vitamin D and gonadotropins
The production of gonadotropins by the pituitary gland is con-
trolled by the hypothalamic secretion of gonadotropin-releas-
ing hormone (GnRH). Vitamin D deficiency has a negative im-
pact on the reproductive system [42] and Vdr-null female mice 
display hypergonadotropic hypogonadism. In human ovarian 
cells vitamin D increases progesterone, estrogen and estrone 
production [43]. Similarly, in human granulosa cells, treatment 
with 1,25(OH)2D3 increases progesterone production [44]. In a 
human testis model, vitamin D had a significant direct effect 
on testosterone production, and men with impaired gonadal 
function and low vitamin D had lower testosterone/estradiol 
ratios [45]. 

On the other hand, the involvement of vitamin D in gon-
adotrope function has not been fully elucidated. A very recent 
study in rats demonstrated that freshly collected hypothalamic 
and hypophyseal tissues exposed to a vitamin D receptor an-
tagonist displayed increased expression of GnRH and reduced 
expression of LH and FSH, suggesting that there is fine regula-
tion of gonadotropins by vitamin D [46]. Not only, it appears that 
VDR expression in the pituitary fluctuates during the estrous 
cycle and correlates with the expression of pituitary factors 
such as annexin A1 (Anxa1), Anxa5, and inhibin/activin sub-
units, which in turn regulate FSH production [47]. Female mice 
exposed to maternal vitamin D deficiency have been found to 
develop irregular estrous cycles with less LH on the evening 
of proestrus, suggesting that maternal vitamin D deficiency 
determines reproductive dysfunction in adult female offspring 
through adverse effects on hypothalamic function [48]. 

Vitamin D and prolactin 
Vitamin D also modulates prolactin levels. It has been reported 
that lack of VDR (in Vdr-null mice compared with wild-type 
littermates) causes a change in serum prolactin, likely due to 
higher pulsatile secretion from the pituitary. Altered regulation 
of prolactin secretion has been thought to be responsible for the 
behavioral changes observed in Vdr-null mice, i.e., increased 

anxiety, motor deficits, impaired nest building [49]. The inter-
action between prolactin and vitamin D is mutual. In osteosar-
coma cells prolactin can block VDR genome activity [50], and 
patients suffering from prolactinoma have lower levels of vita-
min D, whose deficiency is associated with larger prolactinoma 
size and higher prolactin levels [51]. Therefore, although a recent 
study performed in rats showed an enhancing effect of prol-
actin on serum levels of vitamin D [52], it can be hypothesized 
that, in this context too, the increased fracture risk [53,54] may be 
linked at least in part to altered vitamin D metabolism [55].

Vitamin D and corticotropin (ACTH)
Adrenocorticotropin (ACTH) has been shown to have crosstalk 
with vitamin D. Chronic ACTH supplementation in mice was 
found to regulate, among other factors, Cyp27b1 and Cyp24a1 
(factors involved in vitamin D metabolism), by inducing a sig-
nificant increase in their gene expression [56]. In a clinical case 
study, a female suffering from ACTH deficiency displayed low 
levels of circulating 1,25(OH)2D3 [57]. On the other hand, vita-
min D has been proven to inhibit corticotropin-releasing hor-
mone (CRH) by modulating the expression of several microR-
NAs [58]. Simultaneous administration of ACTH and vitamin D 
to human osteoblast cultures resulted in an increase in genes 
related to osteogenesis such as RUNX2, osterix, and collagen, 
and stimulation of intracellular pathways such as ERK1/2 or 
cAMP, compared with controls or the hormones alone [59]. This 
synergistic effect of ACTH and vitamin D may in part explain 
why patients with Cushing’s disease have an increased risk of 
fractures as compared with control subjects (due to ACTH-de-
pendent hypercortisolism) [60], but a lower risk than patients 
with adrenal Cushing’s syndrome [61].

Vitamin D and TSH
Thyrotropes have been shown to be affected by 1,25-(OH)2 
vitamin D3, which regulates their TSH secretion [62]. Patients 
with hypothyroidism, who are characterized by high levels of 
circulating TSH, have been found to display significantly re-
duced TSH serum levels after 12 weeks of vitamin D [63]. The 
decrease in TSH levels in response to high vitamin D are also 
secondary to the increase in thyroid hormone levels [64] since 
vitamin D exerts a modulatory action on thyrocytes as well [65]. 
Interestingly, Vdr-null mice display only modestly decreased 
TSH levels [66]. TSH and vitamin D levels correlate negatively 
in euthyroid individuals, but positively in pregnant women [67], 
suggesting that vitamin D has both direct and indirect effects 
on TSH release and that their interaction is also dependent on 
the hormonal status of the subject [68].

Conclusions

The primary goal of this review was to group the most rele-
vant data from basic research studies on how vitamin D modu-
lates pituitary function, and also how this gland plays a role in 
vitamin D metabolism. The available data point to a correlation 
between vitamin D deficiency and impaired production and/
or action of hypophyseal hormones. The vitamin D status of 
the subject as well as receptor and enzyme polymorphisms all 
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play a role in the crosstalk and in the maintenance of pituitary 
physiology and should be taken into account when diagnosing 
patients. The possible role of altered vitamin D metabolism and 
function in the bone damage observed in pituitary diseases is an 
interesting working hypothesis and deserved to be investigated 
in ad hoc human studies.
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