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Abstract. Immunoreactive calcitonin (iCT) was evaluated in serum and tumor extracts
from four successive, normocalemic patients with sporadic pheochromocytoma to deter-
mine how commonly these tumors contain CT-like immunoreactivity. Levels of iCT were
measured by a nonequilibrium radioimmunoassay sensitive to both the intact molecule and
the 11-32 amino acid region of human CT. With this assay, iCT is detectable in 56% of
normal fasting adults (n = 52). The normal mean was 42 pg/ml with a normal range (mean +
3 SD) of undetectable to 80 pg/ml. Serial dilutions of serum from a patient with medullary
carcinoma of the thyroid and of acetic acid extracts of the pheochromocytomas gave dis-
placement curves indistinguishable from the human standard. Patient *‘A’" had an elevated
serum iCT level of 477 pg/ml. After surgery for the pheochromocytoma, his basal serum iCT
was normal and there was no abnormal elevation in iCT after pentagastrin stimulation.
CT-like immunoreactivity was present in each of the four tumor extracts (2500—8600 pg
iCT/g wet wt) and absent from an omental lymph node removed from patient A. Hypercal-
citoninemia in patients with sporadic pheochromocytoma may not represent a concurrent
medullary carcinoma of the thyroid since the presence and secretion of CT-like im-
munoreactivity from pheochromocytomas may be more common than previously realized.

If a patient has an elevated serum im-
munoreactive calcitonin (iCT) and a pheo-
chromocytoma, the presence of multiple
endocrine neoplasia, type 2, is usually
assumed (1). Elevated iCT levels are, how-
ever, found in a substantial proportion of
patients with nonthyroidal tumors (2).
Furthermore, there have been reports of
CT-like immunoreactivity in an occasional
pheochromocytoma (3—6, 8—11). The pur-
pose of the present study was to examine
whether pheochromocytomas commonly
contained iCT-like immunoreactivity and
the relationship of this finding to hypercal-
citoninemia.

Materials and methods: Extraction pro-
cedure. Four patients with histologically
proven adrenal pheochromocytoma were
studied. Their ages ranged from 9 to 54
years. All were normocalcemic (serum cal-
cium, 9.0—10.3 mg/dl). No other affected
family members were discovered. Portions
of the tumors and of an omental lymph node
from patient **A’’ were promptly frozen at
—70°C and later extracted by hand mincing
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into 0.5-mm fragments in 0.1-0.5 N acetic
acid (0.5 ml/100 mg wet wt tumor). Serial
dilutions of the supernatant were assayed
for iCT. Paired control tubes with equiva-
lent aliquots of acetic acid in assay buffer
were examined to determine whether the
extraction procedure would modify the
assay detection of iCT. Values for the ex-
traction were discarded if the control tube
showed >1 SD change from the initial
binding control. Heat inactivation and neu-
tralization of the extracts did not signifi-
cantly alter the detection of iCT. An aliquot
of the extract from patient A (1.1 ml) was
neutralized and chromatographed on a col-
umn of Sephadex G-50, 1.5 X 40 cm in
assay buffer and the eluant examined foriCT.

Calcitonin radioimmunoassay. Serum
iCT was determined by a nonequilibrium
radioimmunoassay using a goat antiserum
(G1) to synthetic human CT and human CT
(Beckman, Lot No. B0903, 0.56 mg/vial) for
standard and !2°I tracer. This antiserum
detects both the intact molecule and the
11—-32 amino acid region of human CT (12).
The assay buffer was 0.05 M phosphate
buffer, pH 7.4, containing 0.05 M EDTA
and 0.1% sodium azide. Final volume was
0.5 ml after the addition of Sephadex G-50
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purified tracer on Days 3—4. Protein con-
centrations in all tubes were kept constant
by the use of pooled blood bank sera, pre-
viously checked for undetectable iCT and
found to have no deleterious effects on the
labeled hormone. Aliquots of the pheo-
chromocytoma extracts (5—20 ul) were
brought up to 100 ul with this pooled sera.
The standard curve also contained 100 ul of
pooled blood bank sera per tube. Phase
separation was achieved with dextran-
coated charcoal. Both bound and free-
labeled hormones were counted for 10 min
or 10,000 cpm/tube. All samples were
analyzed in triplicate in multiple dilutions.
Figure 1 illustrates a standard curve pre-
pared with G1 antiserum at a final dilution
of 1:62,500. Increasing volumes (5—15 ul)
of diluted serum from a patient with
medullary carcinoma of the thyroid and of a
pheochromocytoma extract (5—20 ul)
caused displacement curves indistinguish-
able from the standard. The assay detection
limit was 10 pg/tube, so that the minimum
tissue concentration detectable was 100 to
200 pg/g wet wt. Recovery of synthetic CT
(50-500 pg) added to pooled blood bank
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FiG. 1. Comparison of tracer displacement curves
of synthetic human CT standard, serum from a patient
with medullary carcinoma of the thyroid, and acetic
acid extract of a pheochromocytoma from Patient A.
The brackets indicate the range of three to four repli-
cates in a single assay. Concentration scales along the
abscissa are adjusted as shown to allow superimposi-
tion of each curve.
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sera was 84 to 108%. The recovery rate was
not used to alter the assayed results. With
this assay, iCT is detectable in 56% of nor-
mal fasting adults (n = 52) and absent from
thyroidectomized patients (n = 4). The
normal mean was 42 pg/ml with a range
(mean = 3 SD) of undetectable to 80 pg/ml.
The mean coefficients of variation for the
intra- and interassay controls were 10.9 and
14.7%, respectively, over a 10-month pe-
riod. There was no cross reactivity with
human ACTH, glucagon, growth hormone,
pentagastrin, procine insulin, a-methyl-
para-tyrosine, phenoxybenzamine, or sal-
mon CT.

Serum calcium was determined by Au-
toAnalyzer. The normal range is 8.8~10.8
mg/dl.

Results. Table I illustrates the values of
iCT in the serum and in extracts of the
pheochromocytomas of our patients. Al-
though serum iCT was variable, all four
extracts contained CT-like immunoreactiv-
ity. An omental lymph node removed from
patient A during surgery did not contain
CT-like immunoreactivity.

Gel filtration of the extract from patient
A revealed a broad peak of iCT coeluting
with the '’ synthetic human CT tracer.

Patient A demonstrated hypercalcitoni-
nemia (477 pg/ml) that decreased (200,
43, and 71 pg/ml) during 1 month of therapy
with a-methyl-para-tyrosine and phenoxy-
benzamine (Table I). Reduction of the
hypertensive episodes and of the hyper-
calcitoninemia appeared to occur at the
same time. After removal of a solitary left

TABLE I. SErRUM LEVELS AND EXTRACTED CT-LIKE
IMMUNOREACTIVITY IN FOUR PATIENTS
WITH PHEOCHROMOCYTOMA

Pheochromocytoma
Serum iCT¢ extract iCT?
Patient (pg/ml) (pg/g wet wt)
A 477,200,43,71 2588
B 72,74,28 8608
C N.D.¢ 3405
D N.D. 4860

“ Normal mean is 42 pg/ml with range undetectable
to 80 pg/ml (mean = 3 SD)

% 0.5 ml 0.1—0.5 N acetic acid/100 mg tumor.

“ Not detectable.
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adrenal pheochromocytoma, the blood
pressure and basal iCT were normal. Post-
operative stimulation with pentagastrin
(Peptavlon, Ayerst, 0.5 ug/kg iv) did not
result in an abnormal elevation of serum
iCT. His basal serum iCT has remained
normal over a 10-month period.

Discussion. Heath and Edis (4) and
others (5, 6) have demonstrated still higher
levels of serum calcitonin in patients with
pheochromocytoma and express caution
about potential confusion with multiple en-
docrine neoplasia, type 2. Our findings
suggest that the presence of CT-like im-
munoreactivity in sporadic pheochro-
mocytoma may be more common than
previously appreciated and that serum iCT
in patients with sporadic pheochromo-
cytoma may be unpredictable. Hypercalci-
toninemia does not necessarily indicate
medullary carcinoma of the thyroid and,
if misinterpreted, could result in unneces-
sary surgery. On the other hand, failure
to recognize multiple endocrine neoplasia,
type 2, could lead to missing disease in
the contralateral adrenal due to the high
incidence of bilateral adrenal tumors in
this familial disorder (4, 7). When hypercal-
citoninemia is found in a patient with
pheochromocytoma, the possibility of mul-
tiple endocrine neoplasia, type 2, or the
ectopic secretion of iCT must be consid-
ered. In sporadic pheochromocytoma,
hypercalcitoninemia should be confirmed
after adrenal surgery.

There is great variability in the literature
regarding the concentration of CT-like im-
munoreactivity found in extracts of pheo-
chromocytomas. Some workers have re-
ported nanogram-per-gram levels (4, 8—11)
while others have noted values a 1000-fold
greater (3, 5, 6). Differences may be related
to the immunochemical heterogeneity of
iCT (13), different extraction procedures or
CT antisera, calculation of iCT relative to
fat-free weight rather than wet weight, and
the variability of the tumors themselves.
Furthermore, marked differences in the iCT
content of different areas of a medullary
carcinoma of the thyroid have been re-
ported (14).
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Matched circulating iCT levels have not
correlated with tumor concentrations in any
study including ours (2, 6, 9, 11). The fac-
tors controlling the ectopic secretion of cal-
citonin are unknown.
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