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Rela:onship	
  between	
  serum	
  Ca2+	
  and	
  PTH	
  

Small	
   changes	
   in	
  
serum	
   free	
  
ionised	
   calcium	
  
(Ca2+)	
   have	
   a	
  
drama@c	
  effect	
  on	
  
PTH	
  levels.	
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Set point 

Minimal PTH 
The	
   set	
   point	
  
illustrates	
   the	
  
sensi@vity	
   of	
   the	
  
parathyroid	
  glands	
  
to	
  serum	
  Ca2+	
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  The	
  extracellular	
  calcium-­‐sensing	
  receptor,	
  CaSR	
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ALLOSTERIC	
  	
  
MODULATORS:	
  

L-­‐aroma@c	
  aa,	
   Ionic	
  strength,	
  GSH	
  analogs	
  

-­‐ve:	
  	
  calcily@cs	
  (ie	
  ronacaleret)	
  

CaSR	
  belongs	
  to	
  Group	
  C	
  GPCRs	
  (tasteR,	
  pheromoneR,	
  mGluRs,	
  GABAB,	
  GPRC6a/5.24)	
  

ORTHOSTERIC	
  	
  
MODULATORS:	
  

gentamicin 	
  

Mg2+	
  
spermine 	
  

Gd3+	
   ß-­‐amyloid	
  pep@des	
  



Wellendorph and Bräuner-Osborne (2009) 

Group	
  C	
  GPCRs	
  



Wellendorph and Bräuner-Osborne (2009) 

Model of a dimeric group C GPCR 



CaSR	
  posi:ve	
  allosteric	
  modulators	
  or	
  “calcimime:cs”	
  
Low	
  MW	
  phenylaklylamines.	
  Ineffec@ve	
  in	
  the	
  absence	
  of	
  extracellular	
  Ca2+	
  
(Nemeth	
  et	
  al.,	
  1998);	
  stereoselec@ve	
  (R	
  >	
  S),	
  CaSR-­‐specific	
  (i.e.,	
  do	
  not	
  affect	
  
other	
  GPCRs)	
  

• In	
  vitro	
  studies	
  show	
  a	
  leaward	
  shia	
  in	
  the	
  Ca2+	
  dose-­‐response	
  at	
  the	
  CaSR.	
  	
  

• 	
  R-­‐568	
  and	
  AMG073	
  decrease	
  PTH	
  and	
  Ca2+	
  levels	
  in	
  a	
  dose-­‐dependent	
  
manner	
  (2003)	
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The	
  CaSR	
  as	
  a	
  drug	
  target	
  

Calcimime@c	
  compounds	
  

FDA	
  approval	
  in	
  2004	
  for	
  the	
  treatment	
  of:	
  
1.	
  Hyperparathyroidism	
  secondary	
  to	
  kidney	
  failure	
  
2.	
  Parathyroid	
  carcinoma	
  

Calcily@c	
  compounds	
  	
  
Enhance	
  endogenous	
  PTH	
  secre@on,	
  inducing	
  an	
  oscilla@ng	
  
hormone	
  concentra@on	
  profile	
  (a	
  known	
  anabolic	
  s@mulus).	
  
Increase	
  bone	
  mass	
  in	
  osteoporosis?	
  

Off-­‐label:	
   Correct	
   PTH-­‐dependent	
   hypercalcemia	
   following	
  
renal	
   transplanta@on;	
   Li-­‐induced	
   hyperparathyroidism;	
   X-­‐
linked	
  hypophosphatemia	
  &	
  oncogenic	
  osteomalacia	
  



Diseases	
  associated	
  with	
  abnormali:es	
  of	
  the	
  extracellular	
  
calcium-­‐sensing	
  receptor	
  (CaSR)	
  

CaSR	
  Abnormality	
  and	
  Disease 	
   	
  Biological	
  effect	
  

Loss-­‐of-­‐func)on	
  CaSR	
  muta)ons	
  
Familial	
  hypocalciuric	
  hypercalcemia	
  	
   	
  Hypocalciuria	
  
NSHPT	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
   	
   	
  Hypocalciuria	
  

Gain-­‐of-­‐func)on	
  CaSR	
  muta)ons	
  
Autosomal	
  Dominant	
  hypocalcemia 	
   	
  	
  Hypercalciuria	
  
Barher	
  syndrome	
  type	
  V 	
   	
  Hypokalemia/hyperreninemia	
  

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

CaSR	
  auto-­‐an)bodies	
  
Inac@va@ng	
  (AHH)	
  	
  	
  	
  	
   	
   	
   	
   	
  	
  Hypocalciuria	
  
Ac@va@ng	
  (Acquired	
  hypoparathyroidism) 	
  	
  Hypercalciuria	
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CaSR	
  in	
  the	
  GI	
  tract	
  

1.  Taste	
  receptor	
  for	
  both	
  Ca2+	
  and	
  protein	
  
2.  Amino	
  acid	
  sensor	
  for	
  the	
  release	
  of	
  dietary	
  hormones	
  



Familial	
  Hypocalciuric	
  (benign)	
  Hypercalcemia,	
  FHH:	
  	
  

• Haploinsufficiency	
  
• PTH	
  levels	
  inappropriately	
  normal	
  
• Renal	
  concentra@ng	
  ability	
  normal	
  	
  
• Mild	
  hypercalcemia	
  and	
  hypermagnesemia	
  	
  
• Parathyroidectomy	
  ineffec@ve	
  in	
  normalizing	
  hypercalcemia	
  	
  

Phenotype:	
  	
  Generally	
  asymptoma:c,	
  occasionally	
  
pancrea::s	
  and	
  gall	
  stones	
  

MUTATIONS	
  OF	
  THE	
  CaSR	
  GENE	
  RESULT	
  IN	
  INHERITED	
  
DISORDERS	
  OF	
  CALCIUM	
  METABOLISM	
  



FROM	
  DISEASE	
  TO	
  FUNCTION:	
  CaSR	
  IN	
  THE	
  PANCREAS	
  

Pancrea@@s	
  has	
  been	
  iden@fied	
  as	
  a	
  complica@on	
  of	
  FHH	
  	
  
in	
  a	
  dis@nct	
  subgroup	
  of	
  pa@ents	
  

Hypercalcemia	
  is	
  a	
  known	
  e@ologic	
  factor	
  for	
  pancrea@c	
  disease	
  	
  

In	
  the	
  human	
  pancrea@c	
  juice:	
  [HCO3
-­‐]:	
  140	
  mM	
  

	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [Ca2+]:	
  	
  1-­‐1.2	
  mM	
  

Which	
  are	
  the	
  homeosta7c	
  responses	
  
that	
  reduce	
  the	
  lithogenic	
  poten7al?	
  

Despite	
  this,	
  the	
  incidence	
  of	
  pancrea@c	
  stone	
  forma@on	
  is	
  low	
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CaSR immunoreactivity in rat pancreas 



MICROPERFUSION	
  OF	
  ISOLATED	
  PANCREATIC	
  DUCTS	
  

silicon	
  glass	
  	
  
cannula	
  

glass	
  coverslip	
  

glass	
  
syringe	
  

perfusion	
  pipe?e	
  

holding	
  pipe?e	
  

isolated	
  duct	
  



MODEL	
  FOR	
  CaSR	
  FUNCTION	
  IN	
  PANCREATIC	
  DUCTS	
  

Bruce et al., J Biol Chem 1999 
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CaSR immunoreactivity in rat (A-D) and human (E,F) intestine 

Cheng et al.,  
AJP 2002 



Responses	
  to	
  CaSR	
  agonists	
  in	
  epithelial	
  cells	
  of	
  rat	
  colon	
  

Cheng et al., AJP 2002 



Proposed	
  mechanism	
  for	
  CaSR	
  modula:on	
  of	
  fluid	
  
secre:on	
  by	
  the	
  mammalian	
  colonic	
  crypt	
  

Hebert et al., Cell Calcium 2004 



Chakhabaty et al., Cancer Res, 
2003 and 2005 

The	
  CaSR,	
  dietary	
  calcium,	
  and	
  colon	
  cancer	
  

Normal colonic crypt epithelium 

Differentiated tumor 

Undifferentiated tumor 

Ca Cont VitD Ca+VitD 



Cells	
  exposed	
  to	
  a	
  mixture	
  emula:ng	
  the	
  fas:ng	
  
plasma	
  levels	
  of	
  the	
  20	
  common	
  L-­‐amino	
  acids.	
  

L-­‐amino	
  acid	
  mixtures	
  enhance	
  CaSR	
  sensi:vity	
  for	
  Ca2+	
  

Conigrave	
  et	
  al	
  (2000)	
  PNAS	
  

CaSR	
  as	
  a	
  taste	
  receptor	
  for	
  both	
  Ca2+	
  and	
  L-­‐amino	
  acids:	
  



CaSR	
  as	
  a	
  taste	
  receptor	
  for	
  both	
  Ca2+	
  and	
  L-­‐amino	
  acids	
  

AA (10 mM)    EC50 for Ca2+      ΔEC50 for Ca2+ 
Control   4.2     0    
L-His   2.4       1.9   basic   
L-Phe   2.5   1.8   neutral-aromatic   
L-Tyr   2.5   1.8   neutral-aromatic 
L-Trp   2.6   1.6   neutral-aromatic   
L-Cys   2.8   1.6   neutral-SH 
L-Ala   2.9   1.4   neutral 
L-Thr   3.0   1.1   neutral-OH 
L-Asn   3.1   1.1   acidic 
L-Gln   3.2   1.0   acidic 
L-Ser   3.3   1.0   neutral-OH 
L-Glu   3.5   0.9   acidic 
  Gly   3.6   0.7   neutral 
L-Pro   3.6   0.6   Imino acid 
L-Val   3.6   0.6   neutral   
L-Met   3.6   0.6   neutral-SH   
L-Asp   3.7   0.6   acidic 
L-Lys   3.7   0.6   basic   
L-Arg   3.7   0.5   basic   
L-Ile   3.9   0.3   neutral   
L-Leu   4.2     0   neutral   

Conigrave et al (2000) PNAS 



L-­‐Amino	
  acid	
  selec:vity	
  profiles	
  at	
  CaSR,	
  GPRC6A	
  and	
  the	
  
T1R1+T1R3	
  heterodimer	
  (Wellendorph	
  and	
  Brauner-­‐Osborne,	
  2009)	
  



Chaudhari	
  &	
  Roper,	
  2010	
  

CaSR	
  expression	
  in	
  taste	
  cells	
  



Puta:ve	
  role(s)	
  of	
  the	
  CaSR	
  in	
  Taste	
  Cells	
  



GSH	
  and	
  γ-­‐glutamyl	
  pep:des	
  act	
  as	
  “kokumi”	
  taste	
  substances	
  (i.e,	
  
they	
  enhance	
  sweet,	
  salty	
  and	
  umami	
  tastes	
  without	
  producing	
  a	
  taste	
  

of	
  their	
  own)	
  	
  

Ohsu	
  et	
  al,	
  2010	
  



Brennan and Conigrave, unpublished 

CaSR	
  ac:va:on	
  evokes	
  CCK	
  secre:on	
  in	
  STC-­‐1	
  cells	
  



CaSR	
  and	
  regula:on	
  of	
  CCK	
  secre:on	
  
Wang	
  et	
  al,	
  2010	
  (CCK-­‐secre@ng	
  intes@nal	
  
mucosal	
  cells)	
  used	
  BAC	
  transgenic	
  mice	
  for	
  
the	
  iden@fica@on	
  of	
  CCK-­‐secre@ng	
  cells	
  by	
  

FACS	
  sor@ng	
  

Wang	
  et	
  al,	
  2010	
   



Func:onal	
  expression	
  of	
  the	
  CaSR	
  in	
  CCK-­‐secre:ng	
  cells	
  

Wang	
  et	
  al,	
  2010	
   



Liou	
  et	
  al,	
  2011	
  
bred	
  CaSR	
  KO	
  with	
  
eGFP	
  CCK	
  mice	
  to	
  
isolate	
  I	
  cells	
  

Liou	
  et	
  al,	
  2011 



The	
  CaSR	
  as	
  an	
  amino	
  acid	
  sensor	
  in	
  I	
  cells	
  

Liou	
  et	
  al,	
  2011 



Pancreas: 
•  prevents stone formation 

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

Duodenum: 
Hormone secretion 

Tongue: 
Ca2+/γ-glutamyls sensing 
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