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Release of calcitonin gene-related peptide from a human medullary carcinoma of the thyroid in vitro 
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Summary. The secretion of human calcitonin gene-related peptide was examined in perifusates of medullary carcinoma of the 
thyroid with a sensitive radioreceptor assay. Calcitonin gene-related peptide was released after the addition of calcium (25-100 
raM), in a dose-dependent manner. The results indicate that human medullary carcinomas of the thyroid secrete the calcitonin 
gene-related peptide as well as calcitonin. 
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Calcitonin gene-related peptide (CGRP) is a novel neuropep- 
tide, predicted by analysis of the complementary DNA sequence 
of the rat calcitonin gene 2. Tissue-specific RNA processing re- 
sults in the production of a precursor of calcitonin in the C-cells 
of the thyroid, and of another precursor of CGRP in both 
thyroid C-cells and nervous tissues 3. Medullary carcinoma of the 
thyroid (MCT), a tumor of the C-cells of the thyroid, produces 
large amounts of calcitonin and CGRP. High concentration of 
CGRP have been observed in the plasma of MCT patients 4, 
Here we demonstrate the secretion of CGRP by human MCT 
tissue, in vitro. 
Materials and methods. Fresh MCT tissue was obtained from a 
patient (25 y, female) with multiple endocrine neoplasia type 2b. 
The plasma level of calcitonin was 7200 pg/ml and it was stimu- 
lated by pentagastrin. MCT tissue fragments were packed into a 
1 x 7 cm polypropylene column (Sepacol column, Seikagaku 
Kogyo Co., Tokyo, Japan), which was then submerged in a 
water bath kept at 37~ The column was connected to a 
peristaltic pump with silicon tubing. The tissues were perifused 
at a flow rate of 0.5 ml/min with Krebs-Ringer bicarbonate 
solution, pH 7.4, supplemented with 0.1% BSA, 0.2 % glucose, 2 
U/ml Bacitracin and saturated with 5 % CO: and 95 % O2. CaCI: 
was dissolved in the freshly gassed perifusion medium and intro- 
duced into the column through side arm tubing. The effluent was 
collected in 3-min periods through polyethylene tubing and 
stored at --20 ~ until assay. 
A radioreceptor assay for human CGRP (hCGRP) was per- 
formed by the method of Tschopp et al. 5. Homogenates were 
prepared from the human cerebellar cortex. The assay mixture 
contained (2-[125I]-iodohistidyl)hCGRP (20,000 cpm), human 
cerebellar membrane fractions (1 mg protein/tube), and effluent 
sample in 0.4 ml of 50 mM HEPES/Tris containing 1% BSA and 
0.2% NAN3. The mixtures were incubated for 6 h at 4~ and 
centrifuged at 12,000 x g for 3 min. The pellet was washed with 1 
ml 0.9 % NaC1 and the radioactivity was counted. Immunoreac- 
tive somatostatin was measured in the perifusate by the method 
of Conlon et al. 6. Anti-somotostatin-14 serum was donated by 
Dr Roger H. Unger (University of Texas, Southwestern Medical 
School, Dallas, Texas, USA). The content of calcitonin in the 
perifusate was measured by a radioimmunoassay using a com- 
mercially available kit (Eiken Immunochemical Company, 
Tokyo, Japan). 
Results. Figure 1 shows a displacement curve of [~25I]-hCGRP 
with human cerebellar tissue homogenates. The specific binding 
of [I25I]-hCGRP was decreased by the addition of unlabeled 
hCGRP and the MCT extracts. The amount of synthetic 
hCGRP required to prevent 50 % of the binding of [125I]-hCGRP 
to the membranes was approximately 600 pg. Human calcitonin 
(5 lag/ml) did not inhibit the binding of [I25I]-hCGRP. Using this 
radioreceptor assay, the content of hCGRP in the perifusates 
from the MCT tissue was estimated. Calcium (25, 50 and 100 
mM) stimulated the release of hCGRP, in a dose-dependent 
manner (fig. 2). After the addition of 25 mM calcium immuno- 
reactive calcitonin was also increased from 60 ng/ml to a peak 
level of 300 ng/ml, and somatostatin from 100 pg/ml to 378 
pg/ml. 
Discussion. Immunoreactive hCGRP has been reported to be 
present in normal human plasma, and it has also been found that 
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Figure 1. Standard curve of radioreceptor assay for hCGRP. Displace- 
ment of [125I]-hCGRP by hCGRP (0), human calcitonin (�9 and the 
extracts prepared from two main tumors of MCT patient (A, A) are 
shown. Values represent means of duplicate determinations of a represen- 
tative experiment. 

the levels are increased in MCT patients 4' 7. Therefore, circulat- 
ing hCGRP may be a novel tumor marker of MCT, together 
with calcitonin. However, the release of hCGRP from human 
MCT has apparently not been reported. Estimations of hCGRP 
content have been performed by radioimmunoassay 4, The 
present radioreceptor method developed by Fischer et al. was 
comparable to the reported radioimmunoassay, with regard to 
sensitivity and specificity 5. Recently, Amara et al. have identified 
DNA encoding rat/~-CGRP, which is different from CGRP 
(~-CGRP) by a single amino acid 8. Although human calcitonin 
did not compete with hCGRP for receptor binding, it is possible 
that the present assay detects fl-CGRP as well as CGRP. 
We found that hCGRP is released by the usual secretagogue, 
calcium ion, which evokes the secretion of calcitonin from hu- 
man MCT tissues in vivo. Our data suggest that hCGRP may be 
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Figure 2. Ca++-evoked hCGRP secretion of perifused human MCT 
tissue. 

secreted concomitantly with the release of calcitonin and soma- 
tostatin from the human MCT. Brain et al. 9 recently reported 
that hCGRP possesses potent vasodilatatory activity in rats and 
humans 9. The occasional flushing experienced in patients with 
MCT may be explained by the transient release of hCGRP 9. 
i t  is tentatively concluded that the abnormally high concentra- 
tion of hCGRP in the plasma of patients with MCT originates 
from MCT tissues. 
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Summary. Human 72-macroglobulin-human pancreatic elastase II binding were investigated using a homologous substrate, human 
aortic elastin, in order to test the enzymatic activity. We demonstrated that two moles of  e2-M are required to inhibit one mole of 
HPE H when the enzyme is added to a mixture of elastin and ~ 2-M. In addition, when the elastase-0r 2-M complex is prepared under 
some circumstances, it exhibits an elastinolytic activity. 
Key words. Pancreatic elastase II; ~2-macroglobulin; aortic elastin; human; elastinolysis. 

Human pancreatic elastase II (H. P. Eli ) is a protein of 25,000 
mol.wt able to hydrolyze insoluble elastin. Plasma c~ 1-antipro- 
tease (~ 1-AP) and ~2-macroglobulin (~2-M) have been shown 
to inhibit this enzyme ~-3. The latter protein forms enzymatic 
complexes with proteinases and in some cases the enzyme may 
be released from the complex 4-9. However, recently we have 
shown that, when homologous reactants were used, the complex 
between HPE n and ~ 1-AP was able to degrade homologous 
elastin I~ The interaction between HPE n and ~2-M has been 
studied especially by Gustavson et al. 9 using Benzyloxycarbonyl- 
alanine-p nitrophenyl ester as a substrate. 
We decided to investigate the human ~2-M-human P. E. n bind- 
ing using a homologous substrate to test the enzymatic activity. 
We demonstrate here that two moles of e2-M are required to 
inhibit one mole of HPEII , when the enzyme was added to a 
mixture of elastin and cr In addition, when the elastase - 
a2-M complex is prepared, under some circumstances, it exhib- 
its an elastinolytic activity. 

Materials and methods. Human pancreas and aorta were ex- 
tracted from brain-death patients, together with the kidneys 
later used for transplantation by the 'monobloc'  technique at the 
University Hospital Center of Bordeaux 12. Human pancreatic 
elastase: HPEII was chosen for this study because under physio- 
logical conditions, it is the enzyme secreted in greatest quantities 
by the exocrine region of the pancreas. Several authors have 
shown that it reaches the general circulation by the lymphatic 
pathway" or by crossing the intestinal barrier 14-~6. The enzyme 
was purified by the procedure of  Largman et alJ 7 and labeled 
with ~251odine as described in Rabaud et al. It. Human aortic 
elastin was prepared according to the method of Leppert et a1.18. 
The fibers were swollen by equilibration in the appropriate 
buffer. 
Human e2-Macroglobulin was purified as previously de- 
scribed 8. It was kept at 4 ~ in a solution buffered by 10 mM Tris 
HC1 500 mM NaC1, pH 7.2. The protein was homogeneous in 
polyacrylamide gel electrophoresis and had no detectable ami- 


