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Abstract. Thyroid glands from 8-day-old rat pups were incubated in 
serum-free medium for 6 hr. Both calcitonin (CT) and calcitonin 
gene-related peptide (CGRP) released into medium were measured by 
radioimmunoassay. In 6 separate experiments CGRP was easily 
detected in medium in ng/ml concentrations. In 4 of the 6 experi- 
ments, where CT release was stimulated by high medium [Ca], the 
concentration of CGRP in medium showed a positive, significant 
correlation with the medium CT concentration (~0.41-0.69, p < 
-05-c.01). The results are in concert with reports describing the 
presence of CGRP in the C-cell, and they further show that CGRP, as 
well as CT, can be secreted by C-cell. . o 198s soc ie ty  for Experimental Biology 
and tled i c ine .  

Introduction. Calcitonin gene-related 
peptide (CGRP) is now recognized as an 
alternate product of the calcitonin 
(CT) gene (1,2). The peptide has been 
shown to be widely distributed in the 
body, especially in neuronal tissue 
(3-5), and a number of pharmacologic 
actions have been reported following 
central or parenteral administration of 
CGRP, including norepinephrine release 
(6), vasodilation ( 7 ) ,  alteration in 
plasma calcium (8), inhibition of gas- 
tric acid release ( 9 ) ,  inhibition of 
feeding (lo), and suppression of growth 
hormone release (11). In this study we 
sought to extend earlier studies by us 
and others that showed CGRP was present 
in the thyroid C-cell by determining 
whether or not thyroid glands in vitro 
could secrete CGRP as well as CT. 

Materials and Methods. Rat thyroid 
glands ( from which parathyroid glands 
had been removed surgically) were taken 
from 8-day-old Sprague-Dawley rat pups 
(Texas Animal Specialties, Humble, TX). 

Glands were incubated individually in 2 
ml serum-free tissue culture medium for 
6 hr. Details of the procedure have 
been reported previously (12). The 
incubation medium consisted of minimal 
Eagle's medium containing ~ank's bal- 
anced salt.solution, 400 mg/dl glucose, 
and 1 mM Ca (GIBCO, Grand Island, NY) 
to which we added 20 mM HEPES, .003 mM 
l-proline, 2 mM l-glutamine, 1 mM 1- 
glycine, 1 mM l-proline, 0.8 mM 1- 
cysteine, .61 mM sodium acetate, and 1 
mg/ml bovine serum albumin. Incuba- 
tions were at 37'C under 95% 0 -5% C02. 
Test agents were were $issolved 
directly in medium; medium high in Ca 
(2.5 mM) was prepared by adding CaCl 2 to the medium. Ca concentrations were 
verified by analysis. In each experi- 
ment, treatment groups consisted of 6- 
12 flasks each. At the end of each 
experiment, medium was decanted and 
stored at -20'~ until it was assayed 
for CT and CGRP. All samples from a 
single experiment were run in the same 
assay. 

The radioimmunoassay for rat CT 
has been described previously (12) and 
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was used with the following modifica- 
tion: synthetic human CT (Bachem, Tor- 
rance, CA) was used unlabeled refer- 
ence standard, and 1491-human CT (~iag- 
nostic Systems Labs, Webster, TX) was 
used as the labeled ligand. 

The radioimmunoassay for CGRP was 
conducted using a guinea pig antiserum 
to synthetic rat CGRP developed in our 
laboratory. Buffer and other assay con- 
ditions were the same as those used in 
the assay for CT (12). Synthetic rat 
CGRP (Bachem) also was used as the 
unlabeled referyqge standard and for 
iodination with I (chloramine T pro- 
cedure). The lower limit of sensi- 
tivity of the assay was 50 pg/tube, and 
intra- and interassay variations were 
less than 10 and 15%, respectively. 
The antiserum was checked for specifi- 
city by using a variety of synthetic 
peptides at concentrations up to 1 
vg/tube (human CT, porcine CT, salmon 
CT, human PTH 1-34, porcine glucagon, 
bovine and porcine insulins, somatosta- 
tin, substance P); none reacted. 

Samples of media not exposed to 
tissue were run with each assay to 
check for nonspecific interference, but 
no effects were found. Assays were 
counted on a Beckman Gamma 5500 and 
were analyzed after logit transforma- 
tion using the Beckman DP5500 and 
accompanying software. Values are 
shown as mean *SEM. The significance 
of differences between mean values in 

each experiment were evaluated using 
the nonparametric Wilcoxon rank sum 
test (13). To determine whether a 
relationship between medium CT and 
medium CGRP existed, a correlation 
coefficient (r) was calculated, and its 
significance assessed (13). 

Results. In all 6 experiments, both CT 
and CGRP were easily measured in the 
incubation medium, and were present in 
ng/ml amounts. In 4 of the 6 experi- 
ments, the pattern of response in terms 
of hormone release was similar for CT 
and CGRP. This is shown in Fig. 1 
where a significant increase in medium 
CT and CGRP was observed when medium Ca 
was increased from 1 mM to 2.5 mM. 
Likewise, in Fig. 2 the results show 
that the secretory pattern for CT and 
CGRP was similar. 

Fig. 3 shows the correlation 
between CT and CGRP for the individual 
samples in the same experiment 
represented in Fig. 1. The correlation 
coefficient (r) of 0.58 was highly sig- 
nificant. Table I summarizes the 
correlation calculations for the 4 
experiments where a significant corre- 
lation was observed between levels of 
CT and CGRP in the medium. 

Discussion. Numerous recent reports 
attest to the widespread distribution 

Fig. I .  Increase in  concentrations of CT ( A )  and CGRP (B) i n  medium containing 2 . 5  
mM Ca. The increase waa s ign i f i cant  (p<.05 va 1 mM Ca) for  both peptidea. 
Values = mean 2 SEM (N=12). 
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Fig.  2 .  S i m i l a r  p a t t e r n  o f  r e l e a s e  i n t o  medium o f  b o t h  CT (A)  and CGRP (B) i n  
r e s p o n s e  t o  s e v e r a l  t e s t  a g e n t s .  Bars  l a b e l e d  A, B, and C i n  1 mM Ca 
r e p r e s e n t  c o n t r o l ,  M TMB-8 ( A l d r i c h  Chem. Co., Milwaukee, W I ;  a  
p r e  umed i n h i b i t o r  o f  m o b i l i z a t i o n  o f  i n t r a c e l l u l a r  Ca s t o r e s  (19)), and 
lo-' M i n s u l i n ,  r e s p e c t i v e l y .  The i n c r e a s e  produced by TMB-8 ach ieved  
s t a t i s t i c a l  s i g n i f i c a n c e  f o r  CT (p<.05)  b u t  n o t  CGRP. The i n c r e a s e  w i t h  
2.5 mM Ca waa s i g n i f i c a n t  (p< .05)  f o r  b o t h  p e p t i d e s .  Va lues  = mean ' SEM 
( N = 6 ) .  

of CGRP i n  t h e  body, p a r t i c u l a r l y  i n  
t h e  nervous system (2-5). The f a c t  
t h a t  CGRP can be r e l e a s e d  from c u l t u r e d  
neurons (14)  and t h a t  neuronal  binding 
s i t e s  f o r  CGRP e x i s t  (15,16) s u p p o r t s  
t h e  i d e a  t h a t  CGRP may be an important  
pep t ide  neuromodulator, I n  f a c t ,  CGRP 
appears  t o  be a more f r e q u e n t l y  
expressed product  of t h e  CT gene than  
CT i t s e l f .  

10 20 30 40 
CGRP ng/ml 

O r i g i n a l l y ,  Rosenfeld and cowork- 
e r s  suggested t h a t  CT gene i n  t h e  thy- 
r o i d  gland d i d  no t  e x p r e s s  CGRP (1 ,2) .  
However, t h a t  conc lus ion  has been 
c o r r e c t e d  by them i n  a more r e c e n t  
r e p o r t  which f u r t h e r  i n d i c a t e d ,  by 
immunocytochemistry, a c o - l o c a l i z a t i o n  
of CT and CGRP i n  t h e  r a t  thyro id  C- 
c e l l  (17) .  This  f i n d i n g  is i n  harmony 
bo th  wi th  an e a r l i e r  r e p o r t  by Tschopp 
e t  a l .  ( 5 )  t h a t  CGRP could be found i n  
t h e  human t h y r o i d  and w i t h  our  f i n d i n g s  
t h a t  CGRP e a s i l y  could be d e t e c t e d  i n  
t h e  young r a t  t h y r o i d  ( 1 8 ) ,  a l b e i t  a t  a 
c o n c e n t r a t i o n  (200-300 ng lg land) ,  f a r  
lower than  t h a t  of CT (3-5 pglgland) .  
Furthermore, i n  immunocytochemical s t u -  
d i e s  no t  shown here ,  we have observed 
t h a t  CGRP, l i k e  CT, i s  l o c a l i z e d  i n  t h e  

Table I. Summary of experiments where a  p o s i t i v e  
c o r r e l a t i o n  was found between t h e  concen t ra t ions  

of CT and CGRP i n  incubat ion medium 

Cor re la t ion  No. p a i r e  
Exp. Coef f ic ien t  ( r )  ( N) P 

B 
Fig. 3. C o r r e l a t i o n  o f  CT and CGRP i n  C 
i n d i v i d u a l  samples  o f  medium from t h e  D 
same exper iment  r e p r e s e n t e d  i n  F i g u r e  1. 
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t h y r o i d  C-cel l  ( 1 8 ) ,  a  f i n d i n g  t h a t  
agrees  wi th  t h e  r e c e n t  r e p o r t  of Sabate  
e t  a l .  (17) .  

Considerable  r e c e n t  a t t e n t i o n  has 
focused on the  l o c a l i z a t i o n  of CGRP i n  
neurons and i t s  p o s s i b l e  a c t i o n  a s  a  
p e p t i d e  neuromodulator. However, t h e  
f a c t  t h a t  CGRP is p r e s e n t  i n  t h e  thy- 
r o i d  C-cell sugges t s  t h a t  a  p o s s i b l e  
endocr ine  r o l e  f o r  the  p e p t i d e  cannot 
be ignored. Our c u r r e n t  f i n d i n g s  show 
t h a t  CGRP i s  r e l e a s e d  i n  v i t r o  from t h e  
r a t  thyro id  and, under some c i r -  
cumstances, i t s  r e l e a s e  may co inc ide  
wi th  t h a t  of CT. Whether CT and CGRP 
i n f l u e n c e  t h e  a c t i o n s  of one another ,  
o r  whether t h e i r  b i o l o g i c a l  e f f e c t s  a r e  
completely independent remains t o  be 
determined. However, i t  is  worth not- 
ing  t h a t  CT and CGRP apparen t ly  can  
i n t e r a c t  a t  the  same r e c e p t o r  s i t e  (16)  
and t h a t  both p e p t i d e s  can a f f e c t  t h e  
c o n c e n t r a t i o n  of plasma calcium ( 8 ) .  

The b i o l o g i c  importance of CGRP 
o r i g i n a t i n g  from t h e  t h y r o i d  C-cel l ,  i f  
any, remains t:o be determined. We can- 
no t  be c e r t a i n  t h a t  a l l  of t h e  CGRP 
r e l e a s e d  i n t o  t h e  medium o r i g i n a t e d  
from t h e  C-cell s i n c e  it has been 
r e p o r t e d  t h a t  immunoreactive CGRP can 
be found i n  nerve f i b e r s  surrounding 
t h y r o i d  v a s c u l a t u r e  (17) .  However, t h e  
f a c t  t h a t  we could provoke r e l e a s e  wi th  
h igh  Ca and t h a t  r e l e a s e  of CGRP could 
be c o r r e l a t e d  w i t h  CT r e l e a s e  sugges t  
t h a t  immunoreactive CGRP we measured i n  
t h e  medium most l i k e l y  o r i g i n a t e d  from 
t h e  C-cell.  I f  t h i s  is so ,  than  a s  f a r  
a s  we know, t h i s  i s  t h e  f i r s t  demons- 
t r a t i o n  of C-cell r e l e a s e  of CGRP. 
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