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Small changes in
serum free Maximal PTH
ionised  calcium
(Ca’*) have a
dramatic effect on
PTH levels.

4+— Set point

The set point
illustrates the
sensitivity of the
parathyroid glands
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Adapted, with permission, from Mayer GP et al. Endocrinology 1978;102:1036-42
Felsenfeld AJ, Llach F. Kidney Int 1993;43:771-89
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CaSR belongs to Group C GPCRs (tasteR, pheromoneR, mGluRs, GABA;, GPRC6a/5.24)
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ALLOSTERIC L-aromatic aa, lonic strength, GSH analogs
MODULATORS:  +ve: calcimimetics (Sensipar/Mimpara)

-ve: calcilytics (ie ronacaleret)
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Low MW phenylaklylamines. Ineffective in the absence of extracellular Ca?*
(Nemeth et al., 1998); stereoselective (R > S), CaSR-specific (i.e., do not affect
other GPCRs)

*/n vitro studies show a leftward shift in the Ca?* dose-response at the CaSR.
600

NPS R-568 (nM)

—0— O
—4— 100

>
=
+
~
©
@)
2
=
)
i
o
@)
)
>
@)

Extracellular Ca?* (mM) Nemeth et al, 1998

* R-568 and AMGO073 decrease PTH and Ca?* levels in a dose-dependent
manner (2003)




FDA approval in 2004 for the treatment of:
1. Hyperparathyroidism secondary to kidney failure

2. Parathyroid carcinoma

Correct PTH-dependent hypercalcemia following
renal transplantation; Li-induced hyperparathyroidism; X-
linked hypophosphatemia & oncogenic osteomalacia

Enhance endogenous PTH secretion, inducing an oscillating
hormone concentration profile (a known anabolic stimulus).

Increase bone mass in osteoporosis?




Familial hypocalciuric hypercalcemia Hypocalciuria
NSHPT Hypocalciuria

Autosomal Dominant hypocalcemia Hypercalciuria
Bartter syndrome type V Hypokalemia/hyperreninemia

Inactivating (AHH) Hypocalciuria
Activating (Acquired hypoparathyroidism)  Hypercalciuria

990G Hypercalciuria
986A, 990C, 1011G (Haplotypes) Increased risk of stones







Reference

G cells Gastrin secretion [55]
Cell growth

Parietal cells Acid secretion (H'-K" ATPase) [56]

Intestine

Duodenum | Enteric nervous system | Gut motility [35]
cells

| cells CCK secretion [47]
K cells GIP secretion [49]
L cells GLP-1 and PYY secretion [49]

Enteric nervous system | Inhibition of fluid secretion [57]
cells

Colonocytes Inhibition of cell proliferation [58,59]
Stimulation of cell differentiation [35]

Inhibition of ion/fluid secretion [35]

1. Taste receptor for both Ca%* and protein
2. Amino acid sensor for the release of dietary hormones




eHaploinsufficiency
*PTH levels inappropriately normal

eRena
e Mild
eParat

concentrating ability normal
hypercalcemia and hypermagnesemia

nyroidectomy ineffective in normalizing hypercalcemia

Phenotype: Generally asymptomatic, occasionally
pancreatitis and gall stones




Pancreatitis has been identified as a complication of FHH
in a distinct subgroup of patients

ypercalcemia is a known etiologic factor for pancreatic disease

In the human pancreatic juice: [HCO;]: 140 mM
[Ca’*]: 1-1.2 mM

Despite this, the incidence of pancreatic stone formation is low
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Bruce et al., J Biol Chem 1999




CaSR immunoreactivity in rat (A-D) and human (E,F) intestine
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Cheng et al.,
AJP 2002




Responses to CaSR agonists in epithelial cells of rat colon
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. Forskolin
Cholera Toxin

Activates

Crypt Cell

Gut lumen

Fluid
Absorption

Hebert et al., Cell Calcium 2004
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Cells exposed to a mixture emulating the fasting
plasma levels of the 20 common L-amino acids.

Conigrave et al (2000) PNAS



AA (10 mM) EC50 for Ca?* AECS50 for Ca?*
Control 4.2
L-His 24
L-Phe 2.5
L-Tyr 2.5
L-Trp 2.6
IV 2.8
L-Ala 29
L-Thr 3.0
L-Asn 3.1

basic
neutral-aromatic
neutral-aromatic
neutral-aromatic
neutral-SH
neutral
neutral-OH
acidic

acidic
neutral-OH
acidic

neutral

Imino acid
neutral
neutral-SH
acidic

basic

basic

neutral

neutral

Conigrave et al (2000) PNAS
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L-Ser 3.3
L-Glu 3.5

Gly 3.6
L-Pro 3.6
L-Val 3.6
L-Met 3.6
L-Asp 3.7
L-Lys 3.7
L-Arg 3.7
L-lle 3.9
L-Leu 4.2
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Type Il receptor cell

Sensory
afferent fibers

Neurotransmitter clearance
GLAST Glutamate reuptake
NTPDase2 Ecto-ATPase

NET Norepinephrine uptake

lon redistribution and transport

ROMK K* homeostasis

Other

OXTR Oxytocin signaling?

Chaudhari & Roper, 2010

Type lll presynaptic cell

Taste transduction
T1Rs, T2Rs Taste GPCRs

mGIuRs Taste GPCRs
Go-gus, Gy13 G protein subunits
PLCB2 Synthesis of IP3
TRPM5

Depolarizing cation current

Excitation and transmitter release

Na 1.7, Na 1.3  Action potential generation
Panx1 ATP release channel

Surface glycoproteins, ion channels

NCAM
PKD channels

Neuronal adhesion
Sour taste?

Neurotransmitter synthesis

AADC
GAD67

5-HT
Chromogranin

Biogenic amine synthesis
GABA synthesis
Neurotransmitter

Vesicle packaging

Excitation, transmitter release

Na,1.2
Ca2.1,Ca1.2
SNAP25

Action potential generation
Voltage-gated Ca?* current
SNARE protein, exocytosis
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CaSR activation evokes CCK secretion in STC-1 cells

CCK Secretion
(% change from baseline)

CCK Secretion
(% change from baseline)
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Brennan and Conigrave, unpublished



CaSR and regulation of CCK secretion

Wang et al, 2010 (CCK-secreting intestinal
mucosal cells) used BAC transgenic mice for

the identification of CCK-secreting cells by
FACS sorting

Wang et al, 2010




Functional expression of the CaSR in CCK-secreting cells
GFP CaSR Merge
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Liou et al, 2011
bred CaSR KO with
eGFP CCK mice to
isolate | cells

Liou et al, 2011
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CaR in the Gl tract (modified from Hebert et al., Cell Calcium 2004)

Ca?*, polyamines

_ _ Tongue:
amino acids

Caz*y-glutamyls sensing

Nutrients LOCAL EFFECTS

nutrient
sensing B0t B
* Increases gastrin release

* Increases H* secretion

o~ o

Duodenum:

N Hormone secretion
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» Suppresses [3-catenin/T Cell
factor activation
* Promotes E -cadherin expression

nutrient
sensing

GLOBAL EFFECTS

Stimulates
epithelial cell
differentiation

}

Epithelial Reduced risk of
maturation colon cancer
and

maintenance

Regulates
intestinal fluid

transport

Inhibits
cyclic nucleotide
mediated secretory

Increased nutrient
contact time for
absorption

diarrheas
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