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Abstract

The synthesis of vitamin D is altered by the granulomatous inflammation of sarcoidosis leading to
increased production of 1, 25-dihydroxyvitamin D. Mounting evidence suggests that vitamin D is
an immunomodulating hormone that inhibits both antigen presentation by cells of the innate
immune system, and the cytokine release and proliferation of Th1 cells. These and other
extraskeletal health benefits have led to an increase in vitamin D assessment and pharmacological
supplementation in the general population. This review highlights the altered synthesis and general
immunomodulating properties of vitamin D with a special emphasis on known interactions with
sarcoidosis. In addition, the assessment of vitamin D nutritional status, its pharmacological
supplementation, and the management of bone health in patients with sarcoidosis are reviewed.
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Vitamin D metabolism has been the focus of intense investigation over the past 30 years
providing substantial insight into handling of vitamin D by granulomas. In addition, its role
as an immune-modulating hormone has been increasingly explored because of the known
epidemiological association between hypovitaminosis D and autoimmune disease incidence.
As a consequence, vitamin D status with serum 25-hydroxyvitamin D level is assessed with
increasing frequency in general medical care, and depleted patients are supplemented. This
review highlights the data that are propagating the increasing vitamin D assessment of the
population, the general immunologic role of vitamin D with a special focus on antigen-
presenting cells and T cells, the impact and management of bone health in sarcoidosis, and
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clinical utility of vitamin D nutritional assessment and correction as it relates specifically to
patients with sarcoidosis.

VITAMIN D SYNTHESIS

Humans acquire vitamin D predominantly from ingestion of foods rich in vitamin D2 (plant-
derived ergocalciferol), and vitamin D3 (cholecalciferol), or foods supplemented with
vitamin D3 (dominant form). In addition to the ingested forms of vitamin D, after exposure
to ultraviolet radiation, 7-dehydrocholesterol is converted to vitamin D3 in the skin. These
sources of vitamin D are dependent upon latitude, daily sun exposure, food tolerance
(lactose intolerance), and use of vitamin D—fortified foods and supplements. Regardless of
the vitamin D source, two key hydroxylation steps are needed prior to the formation of the
metabolically active 1, 25-dihydroxyvitamin D (Fig. 1). First, 25-hydroxylation occurs in
hepatocytes, under the influence of rather poorly regulated 25-hydroxylase (CYP27A1)
enzyme, resulting in the formation of 25-hydroxyvitamin D (D3 or D2). This is the
circulating and storage form of vitamin D; it is the best available index of vitamin D
nutrition and is measured in ng/mL of serum.} A second hydroxylation step, via 1a-
hydroxylase (CYP27B1), leads to the formation of the metabolically active form of vitamin
D (D3 or D2), 1, 25-dihydroxyvitamin D (measured in pg/mL of serum). This CYP27B1 is a
tightly regulated enzyme in contrast to CYP27A1 and is expressed in almost all tissues of
the body, but the circulating 1,25-dihydroxyvitamin D predominantly comes from the renal
1a hydroxylation under normal physiological conditions.

VITAMIN D DEFICIENCY

Several studies suggest that vitamin D insufficiency is widespread in the population.
Although the definitions of vitamin D deficiency and insufficiency are different in two
separate analyses of the National Health and Nutrition Examination Survey 111 (NHANES
I11) dataset, both suggest inadequate vitamin D stores are common.23 Looker et al
performed a stratified analysis of the NHANES 111 cohort (n = 18,875) accounting for
seasonal differences in vitamin D sampling.? Vitamin D deficiency was present in 1% of the
population (<17.5 nmol/L or 7 ng/mL) and insufficiency reported in 21 to 58% (<62.5
nmol/L or 25 ng/mL) depending on age, gender, and sampling latitude. Zadshir et al, using
higher cutoff points in the same cohort, found severe deficiency (<25 nmol/L or 10 ng/mL)
in 1 to 3% and mild to moderate deficiency (<70 nmol/L or 28 ng/mL) to be 40 to 51%
depending on gender.3 However, race is the largest independent determinant of
hypovitaminosis D, with 5 to 11% of blacks having severe deficiency and 75% having mild
to moderate deficiency.3

In a recent vitamin D assessment (/7= 59) of our predominantly female (71%) and African
American (86%) sarcoidosis patients, 49% had severe deficiency (25-hydroxyvitamin D <10
ng/mL), 48% had mild deficiency (10 to 28 ng/mL), and only one patient had a normal level
above 28 ng/mL as defined by Zadshir et al.3 Despite near universal vitamin D deficiency,
71% of the patients (41/58) had serum 1, 25-dihydroxyvitamin D levels at or above the
median clinical value (33.5 pg/mL) in the reference population. This suggests that, despite
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low 25-hydroxyvitamin D levels, the active form 1, 25-dihydroxyvitamin D is normal in the
majority of patients with sarcoidosis.

Given the recent studies suggesting increased autoimmune disease risk with reduced vitamin
D intake and high deficiency rates among the general population the supplementation
guidelines are being challenged.* The recommended vitamin D supplementation doses have
been traditionally based on requirements needed to promote bone health, ranging from 5 to
15 pg/d (200 to 600 1U/day). However, in light of the association between vitamin D
deficiency and diseases such as cancer and autoimmune disease, the 13th Workshop
Consensus for Vitamin D Nutritional Guidelines recommended 25-hydroxyvitamin D levels
of at least 20 ng/mL. It has been suggested that the upper level (UL) (2000 1U/day, 50 pg) be
reevaluated and supplementation targeted to approach this level .4

PHYSIOLOGICAL EFFECTS OF VITAMIN D

Calcitriol (1, 25-dihydroxyvitamin D) is the most metabolically active form of vitamin D.
Although the serum levels of 1, 25-hydroxyvitamin D (pg/mL) are three orders of magnitude
lower than that of 25-hydroxyvitamin D (ng/mL), the binding affinity to the vitamin D
receptor (VDR) is greater for 1, 25-dihyroxyvitamin D. The classical systemic effect of 1,
25-dihydroxyvitamin D is to help maintain serum calcium within a narrow range in concert
with parathyroid hormone (PTH).5 With reductions in serum calcium, the parathyroid gland
releases PTH, which increases the expression of la-hydroxylase by renal tubular cells.
Hydroxylation of 25-hydroxyvitamin D by 1a-hydroxylase (CYP27B1), leads to 1, 25-
dihydroxyvitamin D. Calcitriol (1, 25-dihydroxyvitamin D) attempts to increase serum
calcium to normal levels by increasing intestinal absorption of calcium and increasing bone
resorption. These effects at the cellular level are at least partially modulated through
calcitriol binding to the VDR and subsequent transcription of genes expressed in vitamin D
response elements (VDRES). A negative feedback loop, whereby calcitriol inhibits further
PTH release and 1a-hydroxylase mRNA transcription, prevents the development of
hypercalcemia. Granulomas can increase 1, 25-dihyroxyvitamin D production, leading to
hypercalciuria or hypercalcemia, but only in a minority of sarcoidosis patients.6 Meyrier et
al studied 39 untreated patients with sarcoidosis and found that 30% had hypercalciuria
despite the institution of a low calcium diet. This suggests that a calcium source other than
increased intestinal calcium absorption was leading to hypercalciuria.” A second group,
which had normal calcium excretion on a low calcium diet, developed hypercalcemia with
an oral calcium load suggesting increased intestinal absorption. Elevated 1, 25-
dihydroxyvitamin D levels and more extensive sarcoidosis involvement have been reported
to be associated with abnormal calcium handling.”8

VITAMIN D RECEPTOR DISTRIBUTION IN THE IMMUNE SYSTEM

Vitamin D modulates calcium and phosphorus homeostasis through its binding to the VDR,
which has a high degree of affinity for 1, 25-dihydroxyvitamin D.® Upon binding of
calcitriol to the VDR, in the presence of the retinoid X receptor (RXR) cofactor, this ligand—
receptor complex binds to various promoter regions (vitamin D responsive elements) of
vitamin D responsive genes. These genes promote or suppress several products involved in

Semin Respir Crit Care Med. Author manuscript; available in PMC 2016 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Burke et al.

Page 4

bone health, including osteocalcin, PTH, calbindin, CYP24A (24-hydroxylase), or
CYP27B1 (1a-hydroxylase).> The distribution of VDR is diverse but includes the key target
organs in bone and mineral homeostasis—bone, kidney, and intestine. In addition, VDR is
found in immune cells depending upon their stage of activity. As a general rule, monocytes,
macrophages, and lymphocytes have low-level VDR expression, but upon activation they
acquire VDR in the presence of 1, 25-dihydroxyvitamin D.10-12

There are different polymorphisms within the VDR gene, but only the BsmZ1 and FokI
polymorphisms have been studied in patients with sarcoidosis. Bsm1 is likely a
nonfunctional RFLP however; evidence suggests that its relationship to other RFLPs (Apa-
Taq and polyA tails) may make it a marker of VDR protein numbers. In contrast, the FokZ*F
allele introduces a truncated (three-amino acid) protein that appears to be more active at
VDRE. The Bsm1*Ballele frequency is increased in Japanese patients with sarcoidosis
compared with normal controls; however, this genotype was not associated with differences
in Scadding radiographic stage, the number of organs involved, calcitriol levels, or
hypercalcemia.1314 In African American families with sarcoidosis, the ok VDR gene
polymorphism (Fok1*fallele) was increased in those with more severe disease.1® The Fok
and TagI polymorphisms are associated with the extent or severity of tuberculosis and
leprosy, respectively, suggesting that VDR polymorphisms may modulate granulomatous
inflammation,16-19

CYTOKINE EFFECTS ON 1a-HYDROXYLASE ACTIVITY

In renal tubular cells, la-hydroxylase (CYP27B1) expression is tightly regulated by PTH,
phosphorus, and 1, 25-dihydroxyvitamin D itself. However, this is not the predominant
control mechanism for 1a-hydroxylase activity in immune cells. Rather, immune cell 1a-
hydroxylase expression is controlled predominantly by locally synthesized interferon-vy
(IFN-v), which is highly expressed in sites of granulomatous inflammation2 (Table 1).
Calcitriol production is increased in monocytes cultured with cytokines IFN-vy, tumor
necrosis factor-a (TNF-a), and interleukin 1 and 2 (IL-1/IL-2), and its production is reduced
with dexamethasone.?1:22

An additional distinction between renal tubular and immune cell 1a-hydroxylase control is
the effect of 1, 25-dihydroxyvitamin D itself. In renal tubular cells, calcitriol inhibits 1a-
hydroxylase activity in a product-substrate-dependent manner, providing a negative feedback
loop on its continued synthesis.23:24 However, in murine macrophages and human
monocytes this negative feedback loop is less effective.22:24.25

In addition, calcitriol induces 24-hydroxylase (CYP24A1) enzyme activity, which diverts
25-hydroxyvitamin D to noncalcemic and less active polar metabolites (Table 1). This
catabolic pathway is induced by 1, 25-dihydroxyvitamin D in monocytes but not in alveolar
macrophages.2® By utilizing the human monocyte THP-1 cell line, Dusso et al found that
IFN-v blocked 1, 25-dihydroxyvitamin D—mediated inhibition of 1ahydroxylase enzyme
activity and reduced the mRNA for 24-hydroxylase expression (promoted by 1, 25-
dihydroxyvitamin D).25 These findings suggest that a local environment, rich in IFN-y, can
perpetuate continued production of 1, 25-dihydroxyvitamin D without a significant feedback
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loop to halt its synthesis or a breakdown pathway to reduce its levels. This unabated
synthesis of 1, 25-dihydroxyvitamin D should lead to feedback inhibition of ongoing
antigen-presenting cell (APC) and T cell activation.

It has also been hypothesized that 25-hydroxyvitamin D binding to alternative nuclear
receptors may be an additional mechanism leading to persistent calcitriol levels.2® Pregnane
X receptor (PXR) is a nuclear receptor similar to VDR and increases 25-hydroxyvitamin D
through increased 25-hydroxylase and inhibition of 24-hydroxylase (CYP24A1)
expression.2’-29 |t has been suggested that both 25-hydroxy- and 1, 25-dihyroxyvitamin D
are antagonists of PXR which would lead to a scenario of low 25-hydroxyvitamin D and
possibly elevated 1, 25-dihydroxyvitamin D, a pattern found clinically in sarcoidosis.28 This
theory is supported by the observations of Blaney et al, in which patients with autoimmune
disease (/7= 30) had low 25-hydroxyvitamin D (30%) but nearly all had significantly
elevated 1, 25-dihydroxyvitamin D levels (90%).30

VITAMIN D ASSOCIATIONS WITH AUTOIMMUNE DISEASE INCIDENCE

Recently, several population-based studies have associated vitamin D deficiency with the
prevalence of various autoimmune diseases. These findings have led to an increased
assessment and supplementation of vitamin D in the adult general medical population. There
have been discrepant reports of association between vitamin D intake and rheumatoid
arthritis (RA) incidence in prospective cohort studies. Merlino et al reported a lower
incidence of RA with increasing baseline vitamin D intake in the lowa Women’s Health
Study.31 In contrast, no such association for either RA or systemic lupus erythematosis
(SLE) was found in the larger Nurses’ Health Study | and 11.32 In addition, high-dose
vitamin D intake reduced the incidence of type 1 diabetes by 78% in a prospective birth
cohort.33 Despite these large observational findings, no randomized, controlled trial of
pharmacological or supplemental vitamin D has been performed to suggest causation.

EFFECTS OF VITAMIN D IN ANIMAL MODELS OF AUTOIMMUNE DISEASE

Prior to the population-based studies, in vivo and in vitro studies suggested vitamin D is an
important immunomodulatory hormone. Lemire et al have reported significant reductions in
proteinuria, alopecia, and antinuclear antibody titers in a murine SLE model when
supplemented with 1, 25-dihydroxyvitamin D.34 Similarly, Cantorna et al, reported 1, 25-
dihydroxyvitamin D supplementation reduced the onset of RA (90% vs 45%) and markers of
joint inflammation in murine arthritis models.3° In the nonobese diabetic (NOD) model of
type 1 diabetes, 1, 25-dihydroxyvitamin D supplementation reduced the onset of diabetes
(56% vs 8%) and pancreatic islet infiltration by lymphocytes.38 A similar finding has been
reported in an IL-10 knock-out murine model of inflammatory bowel disease with
reductions in histopathologic inflammation.3 Considering the central role of Th1-mediated
inflammation in autoimmune disease, these data suggest 1, 25-dihydroxyvitamin D may
modulate T-lymphocyte activity with alterations in disease manifestations.
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EFFECT OF VITAMIN D ON IMMUNE CELLS AND BRONCHIAL EPITHELIUM

Monocytes have low-level VDR expression. However, after exposure to 1, 25-
dihydroxyvitamin D they mature and express markers of macrophage lineage such as f3-
acetylglucosaminidase, Fc receptor, OKM1 complement antigen (C3), and IFN-y
receptor.10:38-40 |nvestigation by Liu et al provides an important link between infection and
local 1, 25-dihydroxyvitamin D—induced changes in innate immune cells.4! Upon
Mycobacterium tuberculosis antigen binding to toll-like receptors (TLR 2/1), VDR and
CYP27B1 are differentially expressed by monocytes and macrophages. In addition,
cathelicidin and its antimicrobial product LL-37 are synthesized when exposed to 1, 25-
dihydroxyvitamin D, reducing Mycobacterium burden. Calcitriol’s effect on monocyte
cellular proliferation is inhibitory in most studies, suggesting a phenotype of antigen
recognition but induction of tolerance.38:39:42

Dendritic cells (DCs) are resident phagocytic cells within tissues recognized for high levels
of environmental antigen exposure (i.e., skin and lung). These cells are particularly adept at
phagocytosis, antigen processing, and presentation to the cellular arm of the immune system.
Human monocytes can be stimulated to become dendritic cells upon exposure to
granulocyte-macrophage-colony stimulating factor (GM-CSF) and IL-4. Penna et al have
eloquently shown that human monocytes will not progress to immature DCs, as marked by
CD1a expression, upon culture with calcitriol.#3 In addition, immature DCs will not acquire
the antigen-presentation characteristics common to APCs, such as CD80/86, CD40, and
major histocompatibility complex-class Il (MHC-I1) expression (Table 2). Similar findings
were reported by Piemonti et al with the additional finding that immature dendritic cells
have a heightened capacity for endocytosis as reflected by increased mannose receptor
uptake of dextran.#4 Despite an increase in antigen uptake, the dendritic cells induced T cell
hyporesponsiveness. Similar findings have also been reported in allogeneic pancreatic
transplantation in mice with calcitriol effects as substantial as mycophenolate.#> These
altered dendritic cells also exhibit a reduced capacity to stimulate CD4+ cells, interrupting
an essential interaction of innate and cellular immunity that is needed for antigen-specific
inflammation.

CD4+ cell proliferation is inhibited in the presence of 1, 25-dihydroxyvitamin D#3:46:47
(Table 2). Currently numerous mechanisms have been proposed to explain this anergy
induction. First, as described previously, APCs do not express antigen well when exposed to
calcitriol. Reduced MHC-I1 and co-stimulatory signal expression (CD80/86, CD40) prevent
APC engagement and activation of CD4+ cells.*348 In addition, 1, 25-dihydroxyvitamin D
reduces macrophage release of 1L-12, a potent stimulator of CD4+ proliferation.#>49 The
third mechanism involves a reduction of IL-2, a positive autoregulatory Th1 cytokine.11.20.50
All of these 1, 25-dihydroxyvitamin D-mediated effects reduce T cell activation and
proliferation.

The regulatory T cell (Treg), a subclass of CD4+ CD25+ cells expressing FoxP3 and low-
level or absent CD127 (IL-7 receptor), is a potent inhibitor of general CD4+ proliferation.
Tregs induce anergy in CD4+ cells through direct cell—cell contact and 1L-2, and indirectly
through a reduction of molecules important for antigen presentation and co-stimulatory
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signaling by APCs. Calcitriol has been found to qualitatively improve the suppressive
function and number of tregs in an expanding CD4+ population.51:52

Bronchial epithelial cells are continually exposed to antigenic stimuli and must maintain a
phenotype of tolerance to immunogenic but noninvasive material. Consistent with this
observation, Hansdottir et al have found that human bronchial epithelial cells constitutively
express la-hydroxylase mRNA and produce 1, 25-dihyroxyvitamin D without any
stimulation.>3 The consequence of this 1, 25-dihyroxyvitamin D synthesis and its
subsequent binding to VDR are the expression of antimicrobial LL-37 and soluble CD14
from epithelial cells. CD14, a pathogen recognition receptor (PRR), detects pathogen-
associated molecular patterns (PAMPSs), particularly lipopolysaccharide (LPS), a constituent
of the cell walls of gram-negative organisms. These highly conserved antigen detection and
bacterial control mechanisms are increased with exposure to vitamin D.53:54 These findings
suggest that 1, 25-dihyroxyvitamin D plays a significant role in immune surveillance and
local bacterial control in the normal human airway.

THE IMPORTANCE OF DISORDERED CALCIUM METABOLISM IN
SARCOIDOSIS

Calcium metabolism is abnormal in a minority of patients with sarcoidosis. The A Case-
Control Etiologic Study of Sarcoidosis (ACCESS) cohort (7= 736) found hypercalcemia
and/or hypercalciuria in 3.7% of newly diagnosed (<6 months) patients.® A recent
epidemiology survey of incident cases (n7=1027) in Japan reported hypercalcemia in 7.4%
of patients.5® Although these large prospective cohort studies provide a comprehensive
assessment of total body disease involvement in newly diagnosed patients, they likely
underestimate the prevalence of hypercalciuria because urinary calcium excretion was not
assessed in a systematic manner. In addition, the complications of disordered calcium
metabolism, such as nephrolithiasis or nephrocalcinosis, are unlikely to develop within the
observation time periods of these studies. Hypercalcemia is more likely to develop in
Caucasians, males, age >40, and in patients with both the HLA-DRB1*1101 allele and
exposure to insecticide, although this interaction explained only four of the 22 cases of
hypercalcemia.®-58 Intrinsic renal dysfunction is an important determinant of hypercalcemia
in patients with sarcoidosis. Mahévas et al have recently reported a case series of 47 patients
with renal failure and sarcoidosis.>’ Among this cohort of patients with biopsy-proven
interstitial nephritis (46 of 47) and an estimated glomerular filtration rate (eGFR) <90
mL/min per 1.73 m2, hypercalcemia was present in 34% of subjects. Among this high-risk
population, only three patients had nephrolithiasis and one had nephrocalcinosis. This
suggests that baseline chronic renal insufficiency is an important determinant of
hypercalcemia, independent of hypercalcemia-related intravascular volume depletion.

ALVEOLAR MACROPHAGE METABOLISM OF VITAMIN D IN SARCOIDOSIS

In an effort to determine the pathogenesis of disordered calcium metabolism in sarcoidosis,
Adams et al studied the pulmonary alveolar macrophages (PAMSs) of six patients with
sarcoidosis.?® Lipid extract of unstimulated PAMs contained 1, 25-dihyroxyvitamin D. In
addition, incubation of macrophages with 25-hydroxyvitamin D resulted in the production of
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1, 25-dihydroxyvitamin D. However, 1, 25-dihydroxyvitamin D could only be identified in
patients with Scadding stage Il or 11 disease compared with patients with stage |
radiographs and two patients with idiopathic pulmonary fibrosis.

Reichel et al cultured PAMs from six patients with sarcoidosis and nine normal subjects to
determine what factors regulate 1, 25-dihydroxyvitamin D production in the lung.2°
Confirming the results of Adams et al, sarcoidosis PAMs were spontaneously able to
synthesize 1, 25-dihydroxyvitamin D. However, control PAMs required IFN-vy or LPS to be
added to their culture to obtain the same effect. The most likely explanation for these
discrepant findings is that the IFN-y was present within the sarcoid lung prior to cell harvest,
rather than differential control of 1a-hydroxylase activity in sarcoidosis. Reichel et al also
reported that the 1, 25-dihydroxyvitamin D feedback loop is less effective in sarcoidosis
PAMs compared with controls. In addition, 24-hydroxylase activity is reduced in PAMs.
These findings, specifically studied in sarcoidosis, are consistent with the observations of
Dusso et al, whereby IFN-vy significantly impairs the 1, 25-dihydroxyvitamin D feedback
mechanism and that the 24-hydroxylase pathway is of marginal importance in the alveolar
macrophage.2® Overall, IFN-y release by the activated Th1 cell enhances macrophage
production of 1, 25-dihydroxyvitamin D. Calcitriol then leads to feedback inhibition of Thl
proliferation and ongoing release of IFN-y by binding to the VDR present in activated T
cells. In sarcoidosis it seems, the local ongoing production of 1, 25-dihydroxyvitamin D,
induced by IFN-v, is inadequate to control persistent Th1 inflammation.

DIFFERENTIAL DIAGNOSIS OF HYPERCALCEMIA IN PATIENTS WITH
SARCOIDOSIS

In patients with sarcoidosis and hypercalcemia, excessive levels of 1, 25-dihydroxyvitamin
D lead to increased intestinal absorption of calcium and/or bone resorption. However, it is
important to recognize additional causes of hypercalcemia, including primary
hyperparathyroidism and malignancy, which account for 62 to 81% of hypercalcemic states
in ambulatory and hospital settings.® Intact PTH or PTH-related peptide (PTHrP) testing is
helpful in distinguishing primary hyperparathyroidism from alternative etiologies such as
malignancy (lymphoma, metastatic bone carcinoma) or granulomatous disease (sarcoidosis,
fungal infections, mycobacterial infections).

ASSESSMENT AND MANAGEMENT OF HYPERCALCEMIA AND/OR
HYPERCALCIURIA

Given the wide variation in reporting of hypercalcemia and/or hypercalciuria among various
populations there is no currently accepted standard guideline for the assessment calcium
metabolism in patients with sarcoidosis. It is our observation that hypercalcemia can be quite
common in a significant minority of patients. In some individuals with sarcoidosis,
hypercalcemia may be the only indication for steroid therapy. Adequate hydration and
prednisone 40 mg/day for 1 week usually correct acute severe hypercalcemia. We
recommend a reduction to 20 mg daily within the first 1 to 2 weeks and attempts at
maintenance of 10 mg prednisone daily or every other day therapy with attempts at
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discontinuing prednisone if chronic renal dysfunction is not present. However, many patients
with chronic kidney disease require more frequent monitoring of serum calcium levels and
creatinine. We do not screen patients without nephrolithiasis for isolated hypercalciuria
(>300 mg/24 h) based on the following observations: (1) The complications of
hypercalciuria (nephrolithiasis or nephrocalcinosis) are uncommon even among high-risk
sarcoidosis populations®’; (2) isolated hypercalciuria alone is not an indication for
prednisone therapy; and (3) the risk of side effects with corticosteroid and
hydroxychloroquine therapy are far greater than the risk of nephrolithiasis.

MANAGEMENT OF THE 25-VITAMIN D-DEFICIENT SARCOIDOSIS PATIENT

The vitamin D nutritional status is increasingly assessed in the medical care of adults. The
decision to provide supplementation for deficient patients as a primary prevention strategy
should be based on the perceived needs and risks of supplementation. Despite observational
associations of hypovitaminosis D with autoimmune disease, colon cancer, breast cancer,
cardiovascular disease, or all-cause mortality, no randomized, controlled interventional trials
of vitamin D supplementation have been performed to show a reduction in primary
prevention of these diseases in adults.59-%4 In our clinic we assess both 25-hydroxyvitamin
D and 1, 25-dihydroxyvitamin D upon initial evaluation. We have found that 25-
hydroxyvitamin D deficiency, either mild (<28 ng/mL) or severe (10 ng/mL), is nearly
universal (58 of 59 patients); however, 1, 25-dihydroxyvitamin D is above the clinical
median in 71% of patients. Given these data, we do not recommend pharmacological
vitamin D (50,000 1U) doses for patients with low 25-hydroxyvitamin D(Table 3). This
aggressive assessment and education of patients regarding vitamin D has been very helpful
in preventing or removing patients from potentially harmful pharmacological doses (50,000
IU) of vitamin D. However, most patients with sarcoidosis appear to tolerate vitamin D 200
to 400 1U daily without manifesting hypercalciuria and/or hypercalcemia.

BONE HEALTH AND SARCOIDOSIS

The bone health of patients with sarcoidosis has been extensively studied through the
assessment of bone mineral density (BMD) as a surrogate for future fracture risk. It has been
suggested that the granulomatous reaction of sarcoidosis, separate from the concomitant
corticosteroid use, may lead to a reduced BMD. The evidence for this is an observational
series by Montermurro et al, which assessed the vertebral cancellous bone mineral content
(VCMC) of patients with untreated sarcoidosis.®® This analysis found the BMD in
sarcoidosis patients was 1.1 + 0.3 standard deviation (SD) units lower than age-sex-matched
controls. The underlying mechanism is believed to be related to granuloma-derived
osteoclast stimulating factor or the direct stimulation of osteoclasts by excessive levels of 1,
25-dihydroxyvitmamin D.

Therapeutic corticosteroids are the main factor in reducing BMD in patients with sarcoidosis
requiring treatment. Van Staa et al, utilizing the United Kingdom General Practice Research
Database (GPRD), reported a 20 to 30% increase of any osteoporotic fracture with
corticosteroid use among the general population.86:67 Although fracture prevalence has not
been reported in patients with sarcoidosis, the effects of corticosteroids on BMD are well
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described. Rizzato et al found the VCMC score of prednisone-treated sarcoidosis patients (7
= 64) was 1.33 + 0.9 SD units (Z-score) below age-sex-matched controls (7= 190).58
Montemurro et al have since reported that the decline of BMD occurs predominantly within
the first year of corticosteroid use.%9 In contrast to these observations, Heijckmann et al
reported no difference in the femoral neck and trochanter BMD when comparing sarcoidosis
patients (past and current corticosteroid treatment) with population-normalized values (-
scores).’0 However, patients who never used corticosteroids had a relative increase in
trochanter Z~score (+0.45, 95% CI 0.15-0.76, p= 0.004). In contrast to the Rizzato and
Montemurro studies, Heijckmann et al investigated the hip rather than the spine and utilized
dual x-ray absorptiometry (DXA) rather than quantitative computed tomography (QCT). It
has been suggested that the spine trabecular bone is more sensitive to glucocorticoid effects
and that QCT is more sensitive than DXA in assessing BMD deficits.”?

In patients undergoing corticosteroid treatment for sarcoidosis, two observational studies
have reported a preservation of BMD with calcitonin. Rizzato et al, in a matched (age, sex,
and total steroid dose) cohort reported less decline of VCMC in patients taking calcitonin
compared with those not taking calcitonin (=2.15% vs —14.11%, respectively, p< 0.01).72 A
subsequent analysis of 64 patients by Montemurro et al reported similar findings.”3 In the
general adult population, bisphosphonate therapy is effective in the treatment of osteoporosis
with reductions in vertebral or hip fracture by 20 to 30%.47> Gonnelli et al, in a controlled
clinical trial, randomized 30 patients with sarcoidosis undergoing corticosteroid therapy to
receive either alendronate (5 mg/day) or placebo for the prevention of corticosteroid-induced
bone mineral loss.”8 After 1 year of therapy, there was less decline in bone density in the
alendronate group compared with placebo (+0.8% vs —4.5%, p < 0.01). Current guidelines
are discrepant on when to initiate bisphosphonate therapy with long-term glucocorticoid
therapy. The American College of Physicians recommends bisphosphonate therapy for
individuals with a DXA T-score lower then —1.5.77 In contrast, the American College of
Rheumatology recommends bisphosphonate therapy in patients requiring prednisone >5
mg/day for greater than 3 months, independent of bone densitometry testing results.’8

Vitamin D has traditionally been recommended with calcium supplementation as a primary
prevention strategy to reduce the risk of osteoporotic fractures. A meta-analysis of eight
randomized treatment trials found that >700 to 800 1U/d of vitamin D reduced hip fractures
(pooled relative risk, 0.74, 95% CI 0.61 to 0.88) and nonvertebral fractures (pooled relative
risk, 0.77, 95% CI 0.68 to 0.87) with a number needed to treat (NNT) of 45 and 27,
respectively.”® Given that 1, 25-dihydroxyvitamin D levels are above the median reference
value in 71% of patients, despite near universal insufficient 25-hydroxyvitamin D (58 of 59
patients) levels (<28 ng/mL) in our sampled patients, we do not recommend high-dose
vitamin D supplementation. Rather, consistent with the American College of Rheumatology
recommendations, we institute bisphosphonate therapy at the start of prednisone therapy,
independent of the DXA 7-score testing or results.”8
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CAN 1, 25-DIHYDROXYVITAMIN D PROVIDE A CLUE TO SARCOIDOSIS
PHENOTYPES?

Interferon-vy is the likely stimulus for the continued production of 1, 25-dihydroyxvitamin D
in sarcoid granulomas. Measurement of calcitriol, a common clinically available test, may be
a marker of ongoing inflammation driving the granulomatous reaction. Infante et al
investigated calcitriol levels in patients who underwent gallium-67 scans. No correlation
existed between serum calcitriol levels and pulmonary Ga-67 intake nor was there a
difference in calcitriol levels between those with active (7= 26) compared with those with
inactive disease (/7= 5) (44.6 + 3.7 vs 35.8 + 6.4, NS).80 The largest limitation to this study
is the lack of objective criteria to define active disease or describing activity as acute versus
chronic phenotype.

In addition to investigating the vitamin D levels in a cross-sectional cohort of patients with
sarcoidosis, we associated 1, 25-dihydroxyvitamin D levels with disease phenotypes.8!
Utilizing the Sarcoidosis Clinical Activity Classification (SCAC) proposed by Prasse et al 82
we determined that 1, 25-dihydroxyvitamin D levels are increased in patients with activity
class 6 (subacute onset, with treatment needs >1 year or more than one treatment course)
compared with other activity classes (47.2 = 14.7 pg/mL vs 38.8 + 11.0 pg/mL, p=0.02).
Increasing quartiles of 1, 25-dihydroyxvitamin D were associated with increased risk of
disease chronicity (OR 2.7, 95% CI 1.18, 6.19, p= 0.02). This association was not affected
by current immunosuppression and was independent of radiographic stage and race (OR 2.8,
95% Cl 1.2, 6.6, p=0.02). In fact, 71% of patients with 1, 25-dihydroxyvitamin D levels in
the highest quartile (>52 pg/mL) needed to receive multiple courses of immunosuppression
or more than 1 year of therapy (SCAC 6). This finding highlights a paradox whereby the
ongoing IFN-y-mediated production of 1, 25-dihydroxyvitamin D does not lead to feedback
inhibition of ongoing Th1 inflammation in patients with sarcoidosis.

SUMMARY

Vitamin D is an important immunomodulatory hormone with many intersections in the
management of patients with sarcoidosis. The increased synthesis of 1, 25-dihydroxyvitamin
D, in the face of reduced 25-hydroxyvitamin D levels, creates both a diagnostic and a
therapeutic dilemma in the management of patients with sarcoidosis.
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Figure 1.
Interferon-vy effects on vitamin D3 synthesis.
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Table 1

Interferon-y Effects on Vitamin D Metabolism

IFN-y+ Effects  Net Effect on 1,

on Enzyme 25-dihydroxyvitamin D3 References
la-hydroxylase (CYP27B1) Increased Increased 21,22,24.83,84
Negative feedback loop on 1a-hydroxylase  Blocked Increased 25
24-hydroxylase (CYP24A1) Blocked Increased 25
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Table 2

Immunomodulatory Effects of 1, 25-dihydroxyvitamin D3

1, 25-dihydroxyvitamin D3 Effects =~ References

ANTIGEN-PRESENTING CELLS Antigen uptake, reduced presentation

I1L-12 production 1 43,45,49
Co-stimulatory signal (CD40, CD80/86) expression 1 45,48
Major histocompatibility complex (MHC expression) | 48

T CELLS Hypoproliferative

IFN-v production 1 20,45,85
IL-2 production I 84,85
Cellular proliferation 1 43,46

IFN, interferon; IL, interleukin.
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Table 3

Henry Ford Hospital Multidisciplinary Recommendations for the Assessment and Management of Vitamin D
in Patients with Sarcoidosis ™

1  25-hydroyxvitamin D and 1, 25-dihydroxyvitamin D levels should be assessed at least once to determine if pharmacological
supplementation is needed.

2 Pharmacological doses (50,000 1U) of vitamin D should not be used for the primary purpose of reducing autoimmune disease or
cancer risk.

3 In patients with an estimated glomerular filtration rate (¢GFR) of >60 mL/min/1.73 m? and sarcoidosis:

a. Treatment of osteoporosis or osteopenia. Pharmacological vitamin D therapy (50,000 1U) should be considered only if 1,
25-dihydroxyvitamin D levels are low and there is no evidence of hypercalciuria (>300 mg/24 h) or hypercalcemia.

b.  Primary prevention of glucocorticoid-induced osteoporosis. Bisphosphonate therapy should be utilized as the primary
treatment strategy in patients starting glucocorticoid therapy. As with treatment of osteoporosis, nonpharmacological doses
of vitamin D (200 to 400 IU) or calcium supplementation can be used in patients without hypercalciuria or hypercalcemia.

4 Pharmacological doses of vitamin D should not be used in patients with an eGFR <60 mL/min/1.73 m2 without frequent assessment
of serum calcium and multidisciplinary consultations (nephrology, bone, and mineral).

Level of evidence: expert opinion. No published observational or randomized clinical data are available to determine the safety of
pharmacological vitamin D dosing (50,000 1U) in the sarcoidosis population.
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