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Regulation of caleitonin release from the 6.23 rat C-cell line by cyclic nueleotide analogues and pharmaco- 
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Abstract. Calcitonin release from 6.23 rat medullary thyroid carcinoma C-cells was stimulated by dibutyryl cyclic 
AMP and inhibited by dibutyryl cyclic GMP in concentration dependent fashion. Histamine, isoproterenol, 
prostaglandin E 2 and Bay K 8644 stimulated calcitonin release, while acetylcholine and serotonin had no significant 
effect on CT release. 
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Calcitonin (CT) is a 32 amino acid hormone involved in 
the regulation of plasma calcium levels x, 2. CT is synthe- 
sized by thyroid C-cells and medullary thyroid car- 
cinoma (MTC) C-cell lines, and is stored in cytoplasmic 
secretory granules 3,4. The CT gene, by tissue specific 
alternative RNA processing 5, can also result in the pro- 
duction of the CT gene-related peptide (CGRP) primari- 
ly in neural tissues, but also by MTC C-cell lines 6.7. The 
release of CT from C-cells in vivo 1, 8 and C-cell lines in 
vitro 9, lo has been shown to be primarily controlled by 
extracellular calcium levels. In addition, there is evidence 
to suggest that cyclic nucleotides can also modulate the 
release of CT from C-cells, inasmuch as dibutyryl cyclic 
AMP (DiBcAMP) has been shown to stimulate CT re- 
lease in vivo 11 and in vitro 12. We have used the 6.23 rat 
MTC C-cell line 4, 9 to examine the effects of DiBcAMP 
and DiBcGMP and pharmacologic mediators includ- 
ing histamine, serotonin, prostaglandin E2 (PGE2) and 
acetylcholine (ACh) on the release of CT measured by a 
sensitive and specific ELISA. 

Materials and methods 
Chemicals: Histamine, serotonin, PGE2, ACh, iso- 
proterenol were obtained from Sigma. The calcium chan- 
nel activator Bay K 8644, was kindly provided by Dr. R. 
Miller, MDRI,  Strasbourg. Rat CT, rat CGRP and rat 
neurotensin were obtained from Peninsula Labs., U.K. 
Rat C-cell line: The rat MTC C-cell line, 6.23 4,9 was 
obtained from the ATCC. The cells were routinely cul- 
tured in complete medium: RPMI 1640 containing 20 % 
horse serum, 2 mM 1-glutamine, 50 IU/ml penicillin and 
50 txg/ml streptomycin (Gibco, Paisley, U.K.). For CT 
release experiments, the cells were trypsinized and 
3 • 105 cells were added to the wells of 24 well plates 
(Costar) in 2 ml of complete medium, which was changed 
after 1 day. After 2 days, the cells were washed twice in 
medium without serum and then incubated at 37 ~ with 
test substances freshly made up in medium, or vehicle 
(medium alone). After 2-h incubation, cell free superna- 
tants (centrifuged at 700 x g for 5 min to remove cells and 
debris) were collected and frozen at - 2 0  ~ 6.23 cell 

viability was assessed after each experiment by trypan 
blue staining and was always > 90 %. 
Quantitation of CT by ELISA : The anti-CT monoclonals 
Ab2 and Ab813, both of which bind to rat CT 3, were 
kindly provided by Dr A. Gnocchi, RECORDATI SpA, 
Milan, Italy. Ab8 was biotinylated using a kit from 
Amersham U.K., as per the manufacturer's instructions. 
The CT ELISA has been described in detail previous- 
ly 13; briefly, A/2 EIA plates (Costar) were coated with 
100 gg/ml (50 gl/well) of Ab2 in pH 9.6 carbonate buffer 
overnight at room temperature. After washing with PBS 
containing 0.5 % Tween 20, 25 gl of  dilutions of 6.23 cell 
supernatants and 25 gl of biotinylated Ab8 (1:800 final 
dilution) were added to the wells and incubated for 4 h at 
room temperature. After washing, a 1:500 dilution of 
streptavidin-alkaline phosphatase (Amersham, U.K.) 
was added for 30 min. After washing, the substrate p-ni- 
trophenyl phosphate was added in diethanolamine buffer 
(pH 9.8). The absorbance was read on a Dynatech MR 
700 microplate reader at 405 nM, after 30 min incubation 
with substrate. CT levels in supernatants were quantitat- 
ed from standard curves of synthetic rat CT which were 
included on each ELISA plate. 

Results 
The ELISA used to quantitate CT in 6.23 cell superna- 
tants was highly sensitive, detecting as little as 30 pg/ml 
of  rat CT. Since 6.23 cells also contain CGRP and neu- 
rotensin (NT) that are released concomitantly with 
CT 7,14, we tested the specificity of the CT ELISA. The 
assay was highly specific for CT, requiring 1 ~tg/ml of rat 
CGRP or NT to produce an optical density reading 
equivalent to that of ~ 70 pg/ml of rat CT. It has been 
shown previously that CT, CGRP and NT are released in 
approximately equimolar amounts from 6.23 cells 7, 14 
therefore it is unlikely that CGRP or NT in 6.23 cell 
supernatants would significantly affect the quantitative 
CT ELISA in the present experiments. 
The effects of DiBcAMP and DiBcGMP on CT release 
from 6.23 cells are shown in the figure. DiBcAMP stim- 
ulated CT release in concentration-dependent fashion 
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The effects of DiBcAMP and DiBcGMP on CT release from 6.23 rat 
MTC C-cells. 6.23 cells were incubated for 2 h in the presence of (a) 
DiBcAMP or (b) DiBcGMP or with medium alone as control. CT secre- 
tion into supernatants was measured by ELISA. The results shown are 
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the mean + SD for duplicate 6.23 cell supernatants, assayed in triplicate 
in the quantitative CT ELISA. ** p <0.05, * p < 0.01 compared to con- 
trol values (Student's paired t-test). 

and at the highest concentration used (500 gM), a four- 
fold stimulation of CT release was observed (fig., a). 
In  contrast to the stimulatory effect of DiBcAMP, 
DiBcGMP was shown to be a potent, concentration de- 
pendent inhibitor of CT release, reducing CT release by 

70% at 10 gM and by ~ 90% at a concentration of 
100 gM (fig., b). 
We also examined the effects of a number  of pharmaco- 
logical mediators on CT release from 6.23 cells. As 
shown in the table, histamine and isoproterenol were 
potent  stimulators of CT release (approximately 3-fold 
and 2-fold, respectively) at the highest, non-cytotoxic 
concentrations used. PGE 2 and the calcium channel ago- 
nist Bay K 8644 also increased CT release approximately 
1.5 to 2-fold, while ACh and serotonin had no significant 
effect on CT release at the highest non-cytoxic concentra- 

The effect of pharmacologic mediators on CT release from 6.23 C-cells. 
6.23 cells were incubated for 2 h in the presence of compounds at the 
concentration shown. CT concentrations in cell free supernatants were 
quantitated by ELISA. The highest non-cytotoxic concentration of each 
compound was determined by trypan blue exclusion of 6.23 cells at the 
end of each experiment. The results shown are the mean + SEM for at 
least 3 separate experiments. ** p < 0.05, * p < 0.01 compared to con- 
trois (Student's paired t-test) 

Compound (concentration) CT released (ng/ml) 

Medium control 0.28 _ 0.04 
Isoproterenol (1 gM) 0.63 + 0.04" 
Bay K 8644 (10 gM) 0.48 _ 0.04** 
PGE 2 (1 gM) 0.52 _+ 0.02** 
ACh (100 IxM) 0.30 _ 0.05 
Histamine (100 rtM) 0.78 ___ 0.04 * 
Serotonin (100 gM) 0.22 + 0.05 

tions used. In other experiments (not shown), we found 
no significant effect of the hormones testosterone 
(300 ng/ml), B-oestradiol (10 ng/ml) or hydrocortisone 
(1 ~tM) on CT release from 6.23 cells. 

Discussion 
In the present study we have examined the effects of 
dibutyryl cyclic nucleotide analogues and pharmacologi- 

cal mediators on the release of CT from the 6.23 rat MTC 
C-cell line. A highly sensitive and specific ELISA, which 
could detect as little as 30 pg/ml of rat CT, was used to 
quanti tate CT levels in cell supernatants. DiBcAMP was 
found to increase CT release ( ~  4-fotd at 500 gM), con- 
firming similar observations by others using 6.23 C- 
cells 15 and human  MTC C-cells 12. However, we have 

also shown for the first time that DiBcGMP is a potent 
inhibitor of CT release from 6.23 C-cells, inhibiting CT 
release by ,-~ 90% at 100 gM, the highest non-cytotoxic 
concentrat ion tested. 
It is noteworthy that CT release from 6.23 cells appears 
to be spontaneous and is modestly influenced by the 
extracellular calcium concentration. Thus, addition of 
1 mM EGTA inhibited CT release from 6.23 cells by 
25 % (0 mM Ca + +), while 6.23 cells in Dulbecco's M E M  
(1.8 mM Ca + +) showed a 20% increase in CT release 
compared to that seen with RPMI 1640 medium 
(0 .42mM Ca++). Clearly, the inhibitory effect of  
DiBcGMP and the stimulatory effects of histamine and 
DiBcAMP on CT release are much greater than those 
seen when the extracellular calcium concentrat ion is al- 
tered, suggesting that cyclic nucleotide effects are orient- 
ed towards the CT secretion mechanism itself. This view 
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is supported by our preliminary experiments where co- 
addition of Bay K 8644 and DiBcAMP produces and 
additive increase in CT release, while co-addition of his- 
tamine and DiBcAMP shows no significant increase in 
CT release compared to each compound when added 
alone. 
Of  the pharmacological mediators tested, histamine, iso- 
proterenol and PGE 2 were the most potent stimulators 
of CT release. These compounds are known to stimulate 
increases in intracellular cAMP levels, histamine acting 
via H2-type receptors, isoproterenol via B-adrenergic re- 
ceptors and PGE 2 via receptors for PGE 16, indicating 
that these receptor types are expressed on 6.23 cells. In 
experiments using human MTC C-cells 17, it has been 
shown that PGE 2 (1 ~tM) stimulates CT release approxi- 
mately 5-fold and also that PGF 2 a (1 I.tM) had a lesser 
effect (approximately 2-fold increase), showing that such 
pharmacological regulation of CT release is not restrict- 
ed to the rat 6.23 C-cell line. The calcium channel activa- 
tor Bay K 8644 has been shown previously to increase CT 
release from 6.23 cells v, 18, by increasing C a  2 + entry into 
the cells. The lack of effect of ACh and serotonin on CT 
release suggests that functional receptors for these 
molecules are not present on 6.23 cells. 
There is considerable evidence from in vitro and in vivo 
studies to show that calcium is the major physiological 
secretagogue for CT release from C-cells 6 's-1~ 12. Al- 
though several reports have shown that DiBcAMP can 
stimulate CT release in vitro 9, 12,15, in vivo experiments 
with perfused dog thyroid indicate that cyclic nucleotides 
have only a minimal effect on CT release alone, but 
augment calcium stimulated CT release 11. Modulation 
of CT release by mediators such as histamine from 
parafollicular mast cells 19 and PGE from macro- 
phages 16 may occur during inflammatory reactions in 
the thyroid due to autoimmune disease and in medullary 
thyroid carcinoma 2~ In addition, the thyroid gland is 
richly innervated by both adrenergic and cholinergic 
nerves which control blood flow and the activity of follic- 
ular cells at which they terminate 19. However, there is no 
evidence for nervous control of C-cell activity, which is 
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perhaps not surprising since C-cells are scattered singly 
or in small groups in the thyroid 19. However, it is possi- 
ble that adrenergic stimulation of CT release occurs dur- 
ing stress reactions when circulating levels of  adrena- 
lin and noradrenalin are increased. 
In conclusion, the results of this study demonstrate that 
cAMP and cGMP have opposing effects on CT release 
and that certain pharmacologic mediators can also mod- 
ulate CT release from 6.23 C-cells. This cell line is clearly 
a useful in vitro model system for assessing the mecha- 
nisms involved in regulating CT release. 
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