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Forms of Vitamin D

Calciferol Vitamin D is biologically inactive

* Vitamin D4 (ergocalciferol
and lumisterol)

* Vitamin D, (ergocalciferol)

* Vitamin D; (cholecalciferol)

* Vitamin Dy
(22-dihydroergocalciferol)

* Vitamin Ds (sitocalciferol)

Steroid

Chemically e o

Vitamin D has received much att ention in
recent years because  studies found an
association between low serum 25 -
hydroxyvitamin D (hereafter referred to as
25(0OH)D) levels and some disease states. This
has caused a heated debate among authorities
regarding the definition of vitamin D

deficiency and the amount of vitamin D
necessary for health.

The five forms of vitamin D are collectively

known as calciferol; the primary forms are

vitamin D , and vitamin D 5. AVitamin DO
generic term that can mean either D 20rDg

and may also be used to refer to the

metabolites formed from calciferol.

Chemically, vitamin D is a steroid that

functions as a hormone. It was identified as a
vitamin when it was discovered early in the

20" century because it cured rickets. The
vitamin moniker is not a complete misnomer
because vitamin D is an essential nutrient for
those not exposed to adequate sunlight.
However, errors may occur in research s tudies
when authors use vitamin D as a synonym for
1,25(0OH)2D because there are very significant
structural and biological differences between
1,25(0OH)2D and vitamin D 3.



* Sunlight is main source of
Vitamin D worldwide

* UVB rays are primary source

cromagnetc
i

Elec
Spectrum

* UVA rays are less intense
(tanning beds)

* Most UVC blocked by ozone

Photosynthesized Produced by invertebrates:

* Yeasts
* Higherfungi
* Some phytoplankton

from ergosterol
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* Photosynthesized, non-
enzymatically, in skin of
vertebrates from
7-dehydrocholesterol

* Also the primary form of
synthetic vitamin D

* Biologically inactive

* Prolonged exposure of skin
to sunlight does not
produce toxic amounts of
D; because of
photochemical regulation.

PMID 6256855 1981

Both vitamin D

» and D ;3 require ultraviolet

(UV) radiation. Emissions from the sun include
light, heat and UV radiation. Sunlight is the
main source of vitamin D worldwide. Artificial
sources also emit UV radiation (e.g., tanning
beds, halogen lights, lasers, fluorescent

lights) .

Vitamin D , is photosynthesized in some
invertebrates (e.g., yeasts, higher fungi, and
phytoplankton, etc.) from ergosterol (an
organic molecule in the steroid class). Vitamin

D,i snot
we lack ergosterol.

naturally
Because it
from an animal product, vitamin D

present in
doesndt
, is the

form of vitamin D supplementation preferred

by vegans
sunlight.

VitaminD 3i s
because i

wh o

cal
t 6s

arenbdt exposed

ed the fAsunshine
photosynthesi zed

enzymatically, in the skin of vertebrates from
7-dehydrocholesterol (a steroid molecule).
Photochemical regulation mechanisms in the
skin prevent the formation of toxic levels of
vitamin D3. During prolonged exposure to the

sun, the accumulation of previtamin D

3 IS

limited to about 10 to 15% of the original 7 -
dehydrocholesterol content because the
previtamin photoisomerizes to two biologically
inert photoproducts, lumisterol and

tachystero |.



amin D, is photosynthesized whi
UV index is greater than 3.

* Dailyin the tropics

* Daily in spring/summer A Wt @

in temperate regions
* Brief casual exposure of 1
the arms & face is & '

equivalent to ingestion i\
of 200 IU/day = Y Y
PMID:15570951992 ‘J

Animal products are the primary
dietary source of vitamin D,.

* No dietary requirement for
those exposed to sunlight

* Fatty fish (salmon,
mackerel, tuna, sardines,
herring)

= Animal products (eggs,
meat, dairy)

* Processed food
synthetically fortified with
vitamin D

Zooplankton
are tiny sea
animals that
eat
phytoplankton

Phytoplankton are
tiny sea plants that
photosynthesize
vitamin D2

Vitamin D 3 is photosynthesized when the UV
index is greater than 3; this occurs daily in

the tropics and daily in the spring/summer of
temperate regions. Brief casual exposure of
the arms and face is equivalent to ingestion of
200 IU/day. 60% of so  lar UV radiation is
received between 10am and 2pm daily.

Animal products are the primary dietary
source of vitamin D 3, although there is no
dietary requirement for those exposed to
adequate sunlight. Fatty fish (e.g., salmon,
mackerel, tuna, sa rdines, herring, etc.) have
the highest amounts of D 3 other animal
products (e.g., eggs, meat, dairy foods, etc.)
contain lesser amounts. Vitamin D 3 can also
be found in processed food that has been
synthetically fortified (e.g., milk, cereals,
breads, mar garine, juices, etc.).
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Vitamin D, is-also available as a
suppléement. *

Synthetic D;is made from:  Supplemental D;is also

made from fish oil extract

* Cholesterol extracted D
from sheep wool
yiramin 10001
=D3
¢ Chemically synthesized F—”i
to 7-dehydrocholesterol s

* |rradiated to produce
vitamin D,

UV exposure Diet

l LV
25-OHD
DBP* lmncy

* Incressed istestinal absorption

1,25-(OH),D, “isemmokion y (oo ZE20E T, GRY

Colonocyte

Ligand binding Nucleus
IVDRRXR
9-cis-RA »
VDRE Sscigen e

Increased E-cadherin expression
Diecreased B-catenin expression

Colorectal Tissue i

Decreased proliferation
Increased differentiation
Increased E-cadherin expression
Decreased B-catenin expression
Increased apoptosis

Antiproliferative effects
B-catenin degradati

Decreased colonic inflammation
Modification of vitamin D activity

*Exhibits Polymorphic Variation

Solar
radiation

[Photosynthesis - skin |_-,.{\|r|tam-||n|:tJ |
v

LIVER
Ingested D, or D, m‘:::;r::io n
1 25(0H)D
Parathyroid 'L

Hormane KIDNEYS
Calc CYP2TB1
Phosphate Hyd aticiy

cif
Via
VDBP

VitaminD I:I'{IA
Receptor Trans cription

Enzymes

1
Extra-renal

Tissues

Vitamin D 3 is available as a dietary
supplement. Because the chemical processes
that lead to the formation of vitamin D 3 are
non -enzymatic, they can take place in organic
solvents (ex vivo), as well as in vivo.
Therefore, vitamin D 3 can be synthesized
commercially by extracting cholesterol from
sheep wool; chemically synthesizing it to 7
dehydrocholesterol and then irradiat ing it.
Supplemental vitiamin D 3 is also made from
fish oil extract.

The sequential metabolic processes that

convert biologically inactive, parental vitamin

D into active metabolites are called the

vitamin D endocrine system. The key

elements of th is system are photo -conversion,
the liver, the kidney as an endocrine gland,

the vitamin D receptor (VDR) and the vitamin

D binding protein (VDBP).

This process begins when vitamin D3 is
photosynthesized in the skin or ingested (or

when D2 is i ngested). Vitamin D is then
transported to the Iiver
hydroxylated by an enzyme (CYP2R1) to

produce 25(0OH)D (25 -hydroxyvitamin -D).
25(0OH)D is then transported to the kidneys
where ités hydroxylated
(CYP27B1) to produce 1,250H2D (1,25 -
dihydroxyvitamin  -D). Many cells outside the
kidneys contain VDR and express CYP27B1

(the enzyme that catalyzes 25(OH)D to
1,25(0OH)2D).

wher

by an



25(0OH)D s a the circulating
form of vitamin D.

Calcidiol

* Pro-hormonal precursor to

1,25(0H)2D 7

* Stored in the liver and fatty
tissues for later use

* Half-life 2-3 weeks Sy
PMID:18689406 2008
* Not an active signaling molecule;

has some biological activity
PMID:20351344 2010 I

= Most potent steroid hormone in
the human body

Calcitriol

= Production inthe kidneys

— providescirculating levels

— regulated by the levelsof :
. FTH

= Caldum

= Phosphete

* Extra-renal production dependson
availability of 25(0H)D:

— Skin

— Macrophages

— Colon

— Pancreas

— Blood vessals

PMID-22445158 2012

= Half-life 4-6 hours

The vitamin D binding protein
is the transport vehicle.

* Synthesized in liver

¢ Delivers lipophilic:
— vitamin D to the liver
— 25(0)D to the kidneys

— 1,25(0H)2D to the
vitamin D receptor (VDR)

25(0OH)D (also known as calcidiol) is the

primary circulating metabolite. It has a half -
life of two to three weeks but it's stored in the

liver and fatty tissues for later use. 25(0OH)D

is the pro -hormonal precursor to 1,25(0OH)2D.
Although 25(OH)D is not an active signaling
molecule, it does have some biological

activity.

1,25(0OH)2D (also known as calcitriol), the

active metabolite, is the most potent steroid
hormone in the human body. Feedback
mechanisms regulate production of

1,25(0OH)2D in the kidneys via s erum levels of

parathyroid hormone (PTH), fibroblast -like
growth factor -23 (FGF23) calcium and
phosphate. 1,25(0OH)2D has a half - life of four

to six hours and is also produced in many
other tissues (e.g., skin, macrophages, colon,
pancreas, blood vessels, e  tc.) by enzymatic
actions.

The VDBP is the transport vehicle. VDBP,
which is synthesized in the liver, delivers
lipophilic (fat soluble) vitamin D to the liver,
25(0OH)D to the kidneys and 1,25(0OH)2D to
the vitamin D receptor. DBP's primary role is
the s equestration of vitamin D sterols in the
serum, prolonging their serum half -lives and
providing a circulating store of 25(OH)D to
meet transient periods of vitamin D
deficiency. In so doing, DBP helps to prevent
the development of vitamin D deficiency.
VDBP maintains stable serum stores of
vitamin D metabolites and modulates the
rates of its bioavailability, activation, and end
organ responsiveness. As an adjunct to its
role in conservation and optimization of
vitamin D, DBP appears to minimize direct
urina ry losses of the sterols and to slow their
entry into metabolic breakdown pathways. It
would appear that evolution, in establishing
high levels of DBP, has favored the need for
conservation and optimal utilization of dietary
vitamin D in environments with variable
vitamin D availability.



* VDR heterodimerizes with the

retinoid X receptor (RXR)

* VDR/RXR binds DNA sequences

via the Vitamin D Response
Element (VDRE)

Cascade of molecular interactions:

= Transcription factors are stimulated

* DNA double helix is separated at

the correct gene location

= Complementary mRNA code fora

protein is transcribed

* mRNA istranslated into protein by

the cell ribosomes inthe cytoplasm

* Genomic expression is usually

activated, but may be repressed
PMID-18844852 2008

* Located the nucleus of cells
PMID:12637589 2003

Found in 37 different tissues
PMID:18689389 2008

* Controls expression of 1000
genes
PMID:16002434 2005

* Transcribes numerous

proteins
PMID:11514567 2001
e el
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Immune
Regulation

N

Hormone
Secretion

Cell Proliferation,
Differentiation, Apoptosis

The vitamin D receptor (VDR) belongs to a
superfamily of nuclear receptors that
transduce hormonal signals from the
immediate environment and transactivate

genes in response to these signals. The VDR is

a member of the n  uclear receptor family of
ligand -regulated transcription factors. VDR
has been identified in 37 different tissues
throughout the body (including the nucleus of
phagocytic cells of the immune system).

The most important function of 1,25(OH)2D is
to bind to the VDR nuclear receptor and
mediate the transcription of DNA, triggered by
signaling proteins, like Nuclear Factor kappa
(NFk - ). Target genes contain hormone
response elements (VDRES) in their promoter
to which heterodimers of VDR and retinoid
receptors (RXR) can bind and transactivate
expression of the target genes. The effects of
1,25(0OH)2D are pleiotropic; it controls

expression of over 1000 genes and transcribes

numerous proteins. Most dividing cell types,
normal and malignant, can express
respond to 1,25(0OH)2D. When 1,25(0H)2D
binds to the VDR, it heterodimerizes with the
retinoid X receptor (RXR). This duo
(VDR/RXR) then binds to cellular DNA via the
vitamin D response element (VDRE) to initiate
a cascade of molecular actions. Tra
factors separate the DNA double helix at the
correct gene location and make
complementary messenger (MRNA). The
MRNA then returns to the cytoplasm to be
translated into a specific protein by

ribosomes. Consequently, genomic expression

is usually activated, but it may also be
repressed.

Recent insights suggest that 1,25(0H)2D
activated VDR gene regulation is even more
complex than previously appreciated. VDR
activated genomic expression mediates many
tissue -specific biological effects. Classical
effects (e.g., calcium transport and bone
health, etc.) are well known. The non -
classical, extra -skeletal effects (e.qg., cell
differentiation, central nervous system,
skin/hair, immune regulation, hormone
secretion, etc.) have only been recognized for
about 25 years.
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In addition to the classical VDR - mediated
genomic pathway, 1,25(0OH)2D also has been
shown to elicit rapid responses. The term

rapid response is used to describe the
biological effects of 1,25(OH)2D that occur
within a few minutes after horm one treatment
and are considered too rapid to be explained
by a VDR -mediated genomic pathway. Rather,
the rapid responses are thought to be

mediated by a direct action of 1,25(OH)2D on
the plasma membrane of target cells
stimulating a signal transduction p athway
involving the rapid opening of voltage -
sensitive Ca2+ channels and activation of
protein kinases.

VDR are present in most cell types of the
immune system, particularly in antigen -
presenting cells (APCs) such as monocyte,
macrophages and dendritic cells. The influence
of 1,25(0OH)2D on the immune system is one

of its most important roles. In general, the

innate system is enhanced and the adaptive
system is inhibited by 1,25(OH)2D.

1,25(0OH)2D activates the VDR to express
antimicr obial peptides (AMPs) such as
cathelicidin and beta defensins which attack
pathogens. Recently, 1,25(0H)2D -induced
autophagy has been reported (autophagy
contributes to anti  -aging, antimicrobial
defense, and tumor suppression). VDR
immune system regulation also involves cell
proliferation, differentiation and apoptosis.

The VDR is also expressed in both B and T
white blood cells (lymphocytes).



macrophage vitamin D dendritic cell In monocytes and macrophages (innate
* immune system), synthesis of 1,25(0OH)2D

\ from 25(OH)D promotes an antib acterial

== b)'\ti’ response to infection. Monocytes sense

1,250 pathogen -associated molecular patterns

l (PAMPSs) by utilizing pattern ~ -recognition
dendiic cell maturation } receptors (PRR), such as toll  -like receptors
antigen presentation | (TLRS). Induction of CYP27B1 occurs following
v PAMP-sensing by TLR2/1. The inflammat ory

: {»(f;’&‘ i_{-‘;{\‘: cytokine interferon A (1 FNA)
Nl | T expression of CYP27B1 by macrophages. As a

G Y 25D, : result, 1,25(0OH)2D production is increased in
\\ “g ;Z// response to a pathogen immune challenge.

1,25(0OH)2D modulates the adaptive immune

, system by inhibiting dendrit ic cell maturation,

‘ ) reducing T helper (Th) cells, and shifting

1 —— Th1/Th17 cells to the Th2 and T regulatory

pathways. In addition, 1,25(OH)2D inhibits

n@== Docine sen e, SRR N vonscrw Th1 cytokines that support cell -mediated

) immunity and promotes Th2 cytokines that

" support humoral immunity (antibodies

o B v circulating in bodily fluids). The immune
/ response is heavily dependent on the vitamin

R D endocrine system, performing a balancing

""" e act of inflammation/anti -inflammation.

250 rtracrin

The realization that vitamin D is vital for so

The amazing vitamin D molecule has many essential biological functions has

inspired a number of current trends. prompted a number of current trends.
Research has led to concerns about vitamin D
* Explosion research deficiency and increased use of serum
25(0OH)D testing. Karen Lusky reported, in
* Concerns about the Ju ne 2009 Cleveland Clinic newsletter, an
deficiency

increase from 1,500 tests/month in 2006 to

12,000/month in 2009. Another trend is the

increased use of vitamin D supplements, as

« Increased Vitamin D reported by Alex Williams April 4, 2009 in the
supplementation New York Times.

* More patient screening




How much evide

Vitamin D Research

Exponential growth in research 1om

nce is needed?

* Al 2011 % 007, Furnt 48 days of 2017 & 571 wutrapalated for sl of 2017 9 4342 putdioations

o hdamd

estrapolated

o
actual

Number of Publications Per Year
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* Serum levels of 25(0OH)D
were lower in patients
with autoimmune
diseases.

25-Hydroxyvitamin D Levels and the
Risk af Mortality in the General
Population
PMID:18695076
JAMA Internal Medidne Aug, 2008

* Subjects given vitamin D
seemed to have lower
rates of autoimmune
diseases and fewer
markers of inflammation.

Vitamin D Supplementation and Total
Mortality A Meta-analysis of
Randomized Controlled Trials

PMID:17846391

JAMA Internal Medicine Sep. 9, 2007
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Therebs been an
research; more scientific articles have been
published about vitamin D in the 21st century
than about any other vitamin (there were
28,047 listed in  Medline between January 1,
2000 and December, 2012). An Internet
search reveals over 600 clinical trials currently
underway concerning vitamin D.

Concerns about vitamin D deficiency arose
when studies like these showed patients with
autoimmune diseases have lower levels of
serum 25(0OH)D and study subjects given
vitamin D had lower rates of autoimmune
diseases and fewer markers of infammation.

Although more people are being tested, there
is no consensus on the definition of vitamin D
deficiency or insufficiency and authorities
havendét agreed on the
25(OH)D.

explosion in

signi fi
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* Established 1970 by the National Academy of Sciences

* Independent, non-government, non-profit

* Evidence-based information on science, medicine, health
* 1700 volunteer members

* Leading national & international experts

* Committees are carefully composed to:
— assure expertise
— avoid bias or conflict ofinterest

* Reports reviewed by external experts

Vitamin D,
(Ergocalciferol)
Inpested from food,
vitamin supplements
(exogenous)

25-hydroxywitamin D

[25{0H)D] 1,25-dihydroxy-
Inactive precursor vitamin D
[1.25(0HN2)D]

f Active hormone
Vitamin D,

(Cholecalksiferol)
Synthesized in the body,
exposure of skin

Measured by lab test,
Total 25-hydroxyvitamin D
(D, or D, may be
differentiated)

Measured
by laks test

o sunlight
(endogencus)

What is vitamin D deficiency? ‘

* 1997 - IOM defined

25(0H]D as the
functional indicator of
vitamin D status

* 2006 Merck Manual:
25(0H)D range 25- 40 ng/ml

* Current NIH normal:
25(0OH)D range 30-74 ng/ml

* “25(0OH)D lab ranges have been
skewed high by Vitamin D
supplementation” ~10M

In the U.S., the leading authority regarding
medical research is the prestigious Institute of
Medicine (IOM). Establi shed in 1970 by the
National Academy of Sciences, the IOM is an

independent, non -government, non - profit
organization with over 1700 volunteer
members who provide evidence -based

information on science, medicine, and health.
IOM committees are carefully comp
assure expertise, avoid bias or conflict of
interest, and their reports are reviewed by
external experts. In a New York Times article
on August 25, 2011, Gardiner Harris wrote,
AThe | OM is the most
authoritative adviser on issues of he
medicine, and its reports can transform
medical thinking arou

In 1997, the IOM defined serum 25(OH)D as
the functional indicator of vitamin D status. It
is a biomarker of exposure and, thus, a
reflection of the supply of vitamin D to the
body (the net incoming contributions from
cutaneo us synthesis and total intake).
However, what is not clearly established is the
extent to which 25(OH)D levels serve as a
biomarker of effect.

In 2006, the Merck Manual listed 25
as the normal 25(OH)D range. Recently, this
range has skyrocketed to 30 -74 ng/ml,
leading some to declare that half the U.S.

non -institutionalized adult population is
deficient, with 25(OH)D levels between 12
ng/ml. Laboratory reference ranges for serum
25 (OH)D levels have long been based upon
average values from populations of healthy
individuals but many people are now
supplementing with vitamin D. The IOM report
emphasized that the current measurements,
or cut -off points, of sufficiency and deficiency
of 25(OH) D in use by laboratories have not
been set using rigorous scientific studies. They
suggest that since no central authority has
determined which cut  -off points to use,
reports of deficiency and lab ranges may be
skewed and numbers overestimated. Mos
importantly, 25(OH)D may not always reflect
the level of 1,25(0OH)2D (the active
metabolite).
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Without a consistent normal range for serum

25(0OH)D, the definitions of vitamin D

insuffi ciency and deficiency vary significantly ;

for example, some definit  ions of deficiency for

adults are based on 25(0OH)D levels associated

with rickets in children (<10 ng/ml). Following

a review, the IOM discounted the Endocrine

Society data and showed it was incorrectly

analyzed. In April, 2013 a paper published in

Endocr ine Connections reported concerns that

the Endocrine Society's Clinical Practice

Guideline may |l ead to vitamin
way forward is the implementation of IOM

recommendations, worldwide, especially given

that the new specifications have increased two

to threefold for children and young adults and

increased by 33 -50% for those over age 50

years compared with the last IOM report in

1997. 0 The Vitamin D Council
worrisome because it is even higher.

There is no recommended daily allowa nce
(RDA) of vitamin D because it is not an
essential nutrient (i.e., a substance the body
candt make) . I nstead, the rec
vitamin D is stated as adequate intake (Al)

and the need for an Al is based on the
absence of adequate sunlight and the
presence of adequate calcium. An IOM
committee met in 1997 and set the Al

standard of 400 IU of vitamin D per day for
adults. After an extensive data review, the

IOM raised the adequate intake level in 2010.

The 2010 IOM consensus report on vitamin D
was endorsed by many organizations such as
the American Society for Bone and Mineral
Research. Hector DelLuca, one of the most
respected vitamin D researchers in the world
and a member the National Academy of
Scientists, agrees with the IOM guidelines but
support is not universal. Proponents of vitamin
D supplementation lobbied the I0M,
unsuccessfully, to raise the Al much higher
(2,000 -10,000 IU/day) but their request was
denied because the IOM saw many problems
with the vitamin D research they reviewed.



