Editorial

The intestinal calcistat: Determinant of clinical

vitamin D deficiency

M. K. Garg, Sanjay Kalra!, Namita Mahalle?

Department of Endocrinology, Command Hospital (Southern Command), Pune, 'Bharti Hospital and BRIDE, Karnal, Haryana, 2Biochemistry
Division, Department of Pathology, Deenanath Mangeshkar Hospital and Research Center, Erandawane, Pune, Maharashtra, India

ENDOCRINOLOGY'S ENIGMA

Notall subjects with vitamin D deficiency (VDD), as defined
by presently accepted criteria,!"? have clinical, biochemical
ot radiological features suggestive of rickets/osteomalacia.
This paradox has remained unresolved, though a genetic
basis has been suggested for this clinical riddle.”! Genetic
polymorphism alone can explain just 5-10% variation in
serum 25-hydroxy vitamin D (250HD) levels. However,
in clinical practice and population-based studies, one often
encounters serum 250HD levels <5 ng/ml suggesting
severe VDD, without raised parathormone (PTH), bone
turnover markers or characteristic bone scan. At the same
time, one can see evidence of florid rickets/osteomalacia
at the serum 250HD levels of 10-13 ng/ml.”! These large
differences cannot be explained satisfactorily by our current
understanding of vitamin D-PTH-calcium-bone axis.

PTH MepiaTED ADAPTATION

Current literature and text book teaching suggest that
vitamin D deficiency is linked with a parallel decrease in
calcium absorption. This leads to systemic adaptation,
mediated by an increase in PTH, which, by increasing
conversion of serum 250HD to active vitamin D
metabolites, increases calcium absorption. Simultaneously,
PTH itself releases calcium from bone by causing bone
resorption [Figure 1]. This restores the calcium homeostasis,
which is essential for many physiological functions. This
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theory, however, does not explain the marked variation
seen in most population-based studies, where about 50%
of subjects with serum 250HD levels below 10 ng/ml
do not show an adaptive rise in serum PTH.I* Concern
about this confusing, yet significant, controversy has been
expressed by experts.!'! Most studies try to explain this by a
vatiation in calcium intake,” or by genetic polymorphism.*l
However, this phenomenon is seen equally in populations
with adequate!”! and low calcium intake.l”! Can there be a
better explanation?

THE FALLACY OF SYSTEMIC ADAPTATION
FirRsT

There are certain fallacies of the theory of systemic
adaptation to vitamin D deficiency, especially if we assume
that systemic adaptation is the first response to this
hormonal deficiency. This theory of adaptation is based
upon an increase in PTH, which leads to increased calcium
absorption, indirectly through generation of active vitamin D
metabolites. Literature search reveals that there is paucity
of studies assessing effect of PTH on calcium absorption
directly.'" In subjects with primary hyperparathyroidism,
hypercalcemia is maintained by increased renal calcium
re-absorption and bone resorption.""! Similatly, in patients
with hypoparathyroidism, hypocalcemia is caused by
renal calcium wasting, rather than a decrease in calcium
absorption.'" However, PTH levels may affect calcium
absorption indirectly, through enhanced generation of
active vitamin D metabolites, which affect transcription of
the calcium sensing receptor (CaSR).["! In a study carried
out in vitamin D-treated hypoparathyroid patients, calcium
absorption was normal and comparable with normal
controls." This fallacy is further highlighted by studies in
the CaSR and PTH knockout mouse. In this murine model,
PTH is absent: As per the systemic adaptation theory,
calcium absorption should not rise in the presence of
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Figure 1: Systemic adaptation to vitamin D deficiency (Currently believed mechanism)

hypocalcemia. On the contrary, these animals show increase
in calcium absorption with hypercalcemic in response to
oral calcium diet.™ How can this be explained?

THE INTESTINAL CALCISTAT

Garg and Mahalle!"” explain this paradigm by invoking a
local adaptive mechanism hypothetically named “intestinal
calcistat.” “Intestinal calcistat” envisages the interaction
of calcium sensing receptor (CaSR) with local intestinal
vitamin-D and vitamin D receptors. The authors postulate
that CaSR, present on the intestinal brush border, helps
to sense intraluminal calcium present in the intestine, and
modifies calcium absorption, by interacting with vitamin D
system in intestinal cells. This is done according to the
body’s requirement and maintains calcium homeostasis.
Calcium absorption occurs by active transcellular and
passive paracellular process. This hypothesis further
suggests that activation of CaSR in intestinal cells by
dietary calcium decreases vitamin D-dependent active
transcellular absorption and increases less effective
vitamin D-independent passive paracellular calcium
absorption. In support of this hypothesis, a recent study
reported that CaSR present in renal tubules increase
paracellular calcium re-absorption independent of serum
PTH.'" Moreover, CaSR and PTH knockout mouse
show exaggerated hypercalcemic response to activated
vitamin D metabolites. This is explained by an increase in
TRPV-6 expression, which is responsible for increase in
calcium absorption, even in the absence of PTH.!"¥ This
may be due to removal of suppressive effect of CaSR on
vitamin D system in intestinal cells."¥ This further supports
the existence of a local intestinal mechanism (“intestinal

calcistat”) for regulation of calcium homeostasis in absence
of PTH.

Till this local adaptation is maintained, there will be
sufficient calcium absorption to maintain calcium
homeostasis, irrespective of serum 250HD levels, there
will be no systemic manifestations of VDD. On the other
hand, if this local adaptation fails, systemic adaptation
will come into play. Interaction of CaSR with different
genetic polymorphisms of vitamin D system, which decides
the generation or responsiveness of active vitamin D
metabolites (“intestinal calcistat”) will decide the level of
serum 250HD, at which this local adaptation fails in a
particular individual. This possibly explains the observed
differences in PTH response to same levels of serum
250HD [Figure 2].

HYPERCALCEMIA EXPLAINED

The systemically generated active vitamin D metabolites,
secreted in response to PTH, largely act on bones to
increase release of calcium, rather than increasing calcium
absorption. This also explains the observed hypercalcemia
with vitamin D intoxication, where hypercalcemia is
mediated by bone resorption rather than increased calcium
absorption.”! However, active metabolites may modify
calcium absorption indirectly through their effect on CaSR
gene expression.”! Vitamin D response elements (VDRE)
have been identified in the promoter region of CaSR,
which increase expression of CaSR. This physiologic
process leads to increased renal calcium absorption
and passive paracellular calcium absorption. With this
background, hypercalcemia of vitamin D intoxication will
respond best with drugs that inhibit bone resorption”
or inhibit renal calcium absorption through action on
CaSR (calcimimetics)."

This hypothesis also raises questions about traditional
wisdom of explaining hypercalcemia associated with
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Figure 2: Local and systemic adaptation to vitamin D deficiency (Proposed mechanism)

granulomatous disease. Increased calcium absorption
has been suggested as a probable reason, secondary to
enhanced generation of active vitamin D metabolites
in granulomatous tissue.”” There are no clinical
studies to support this. Further studies are required
to confirm or refute this explanation. According to
the current hypothesis, hypercalcemia encountered in
these conditions should be due to the effect of active
vitamin D metabolites on bone, and should respond to
bisphosphonates.

PepiATRIC POINTS TO PONDER

Among patients with vitamin-resistant rickets type-1I (due
to mutation in vitamin D receptor), eucalcemic levels can
be maintained by high calcium intake, which according
to this hypothesis facilitates a vitamin D-independent
increase in passive paracellular calcium absorption.
However, this does not explain the dependency of
calcium absorption on vitamin D from infancy until the
end of puberty in these patients. It may be possible
that maturation of “intestinal calcistat” takes place
during puberty. It is well-known that placental lactogen
and prolactin increases calcium absorption through a
vitamin D-independent mechanism.?¥ Similatly, vitamin
D-independent calcium absorption is also upregulated
by estrogen.””! These hormones may help in maturation
of “intestinal calcistat” during puberty. If this is true,
it will help in our understanding of increased risk of
rickets in infants, children, and adolescents before
puberty, where vitamin D is required for adequate

P D [

calcium absorption. However, all these projections
require further studies to help in better understanding
of vitamin D-PTH-calcium-bone axis.
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