
Hypercalcemia occurs in primary hyperparathy

roidism, in the neoplastic invasion of bone, in the
production of parathyroid-hormone-like substance
by an isolated neoplasm, and in sarcoidosis, multiple
myeloma and vitamin-D intoxication.

Differential diagnosis of hypercalcemia is essential
since the treatment consists of control of the primary
disease. We have measured the blood levels of para
thyroid hormone (PTH), calcitonin (CT), and 25-
hydroxy-vitamin D (25-OH-D) in 24 cases with

various causes of hypercalcemia, and have estimated
the usefulness of the assays of these calcium regu
lating hormones in differentiating the hypercalcemic
conditions.

MATERIALS AND METHODS

Basal plasma levels for PTH, CT, and 25-OH-D

were measured in 24 patients with hypercalcemia,
involving ten cases with histologically proven pri
mary hyperparathyroidism (eight cases with parathy

roid adenoma and two with hyperplasia) , two cases
with vitamin-D intoxication caused by ingestion of
excessive amounts of vitamin D2, and 12 cases with
malignant diseases: six with bone metastases from
primary neoplasms in the lung, kidney, ureter, and
breast, four with ectopic PTH syndrome, one case
with hepatoma without bone involvement, and one
case with multiple myeloma. Serum calcium concen
tration in these cases ranged from 11.0 to 15.3 mgI
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We have measured the blood levels of parathyroid hormone (PTH), cal
citonin (CT), and 25-hydroxy-vitamin D (25-OH.D) in 24 cases with hyper.
calcemia from various causes, and have estimated the usefulness of the
assays of these calcium-regulating hormones in differentiating the hyper
calcemic conditions. In ten cases with primary hyperparathyroidism, PTH
levels were markedly elevated. On the other hand, CT levels were within
normal range except in one case with complicating renal failure. In seven
cases with bone metastases from primary neoplasms, PTH levels were char
acteristically low or normal, presumably being suppressed by hypercal
cemia, whereas CT leveLs were higher than normal. Four patients with
remote malignant tumors produced a PTH-like substance with resulting
hypercalcemia. In these cases, not only PTH but also CT levels were markedly
raised, but 25-OH-D levels were within the normal range. From the tissues
of the primary tumors, a PTH-like substance was identified, but not CT.
In one case with hypercalcemic multiple myeloma, the PTH, CT, 25-OH-D,
and ionized calcium levels all fell within the normal range. This elevated
level of serum calcium was thought to be due to a large amount of myeloma
protein, which could bind additional calcium. Two cases with vitamin-P
intoxkation were easily differentiated by extremely high 25-OH-P levels
coupled with normal PTH and CT levels.
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in all standards and samples, 100 @1of hypopara
thyroid serum were added to the standard tubes.
Tubes containing the labeled hormone without anti
serum served as controls with each standard curve.

The assays were preincubated at 4Â°Cfor 3 days
without the labeled hormone. After addition of the
tracer, the reaction mixture was incubated for an
additional 2 days before separation. Phase separa
tion was performed by the method of adsorption with
dextran-coated charcoal (4) . The reaction tubes
were equilibrated at 4Â°Cfor 1 hr after addition of
500 @Llof dextran-coated charcoal suspension. Tubes
were then centrifuged for 20 mm at 3,000 rpm,
separated by decantation, and counted in an auto
mated counter for a period sufficient to yield a count
ing error of less than 1%.

Assay of 25-OH-D. Competitive binding assay of
25-OH-D was performed by the method of Belsey
et al. (5) with a minor modification. The 25-OH-D3t
diluted with absolute ethanol was used for the stand
ards. The standard was stable for several months
when kept 4Â°C.For the tracer, [23,24-3H]25-OH-D3@
in absolute ethanol was used. The purity of radio
active material was checked before use by thin-layer
chromatography on silica gel in ethyl acetate/
n-hexane (1:6 or 1:1).

As a protein for the competitive binding assay, we
used whole sera from Wistar rats fed a vitamin D

TABLE 1. PROTOCOL FOR RA
FOR PTH

Bovine PTH standard or unknown serum
Antiserum
Hypoparathyroid serum
Assay buffer

100
100

0 or 100
100 or 200

Total 400
100Incubate at 4Â°C for 3 days; add tracer.

Total 500
Incubateat 4Â°Cfor 2 days;add

dextran-coated charcoal. 500

Total 1,000

Shake and stand for 20 mm; centrifuge
at 3,000 rpm for 20 mm; count
radioactivity in supernatantand
precipitate.

100 ml. The urea nitrogen and the creatinine were
normal in all patients except one with primary hy
perparathyroidism, in which the urea nitrogen was
40 mg/100 ml and the creatinine 2.5 mg/tOO ml.

Serum calcium, urea nitrogen, and alkaline phos
phatase levels were estimated by an automated
analyzer. Serum creatinine level was determined by
Jaffe's reaction. Normal range for serum calcium
was 8.5â€”10.5mg/100 ml, urea nitrogen 8â€”20mgI
100 ml, alkaline phosphatase 30â€”85mU/mi, and
serum creatinine 0.8â€”1.7 mg/ 100 ml. Ionized cal
cium was measured by a calcium ion analyzer. Nor
mal values were 1.85â€”2.25mEq/l. Radioimmuno
assay of @Twas performed using synthetic human
CT M and its goat antibody (1 ). The assay was
sensitive to 0. 1 ng/ml.

Radioimmunoassay of Ff11. We used a commer
cially available guinea-pig antibovine PTH serum.
Highly purified bovine PTH ( 1,200 units/mg) was
used to prepare iodinated tracer and for the stand
ards in the assay system. lodination with I-i 25 was
carried out by the chloramine-T method of Hunter
and Greenwood (2), and the iodinated PTH was
purified with silica* according to the method of
Yalow and Berson (3), and stored at â€”20Â°C.The
labeled tracer was repurified by gel filtration on Bio
gel P-i 0 before use. The assay protocol is given in
Table 1. Serial dilutions of bovine PTH containing
0â€”5,000pg were made in 100 @lof assay buffer
(10% hypoparathyroidserum,0.05 M barbital
buffer, pH 8.6). To these or to 100 @lof test serum
were added 100 @lof diluted antiserum (at final
dilution of 1: 100,000) and 100 or 200@ of the
assay buffer. To equalize the protein concentrations

TABLE 2. PROTOCOL FOR RADIOASSAY
FOR 25-OH-D

Supernatant or crystaline 25-OH-D3

in 75% ethanol.
[23,24-3H]25-OH-D3 in absolute

ethanol (100 p9).
0.01% @-lipoproteinin assay buffer.

100

50
500

Total 650
Shake and add vitamin-D-deflcient

rat serum (1:1,000). 500

Total 1,150
Incubate at 4Â°Cfor 30 mm; add

dextran-coated charcoal. 500

Total 1,650

Shake and stand for 40 mm; centrifuge
at 3,000 rpm 4Â°C 15 mm; count
radioactivity in 1,000 p1of
supernatant.
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HypoparathyroidSerum
without Antiserum

FIG. 1. Representativestandardcurveof bovine PTH(solid
circles) and dilution curves of serum (open circles) from a patient
with primary hyperparathyroidismand a normal subject, and cx
tract from a parathyroid adenoma (asterisks).

30

20

I0

0

FIG. 2. Representativestandardcurveof 25-OH-D,(solidcir
des) and a dilution curve for serum from a patient taking large
doses of D2 (asterisks). Displacement curves for D, analogs: 24,25-
(OH)rD (solid triangles); 1,25-(OH}s-D@(open circles); la-OH-D3
(solid squares); D8 (open triangles); and cholesterol (open squares).

PTH. The assaysystemwas sensitiveto iOOpg/mi
of bovine PTH, at which percentage the binding of
the tracer by antibody was significantly lower (p <
0.05, Student'st-test) than that at the zero point of
the standard curve. About 70% of normal fasting
subjects had detectable PTH concentrations ranging
from 100 to 800 pg/mi. The interassay coefficient of
variation in ten assays was 13.0% for pooled hyper
parathyroid serum, assayed to 4.2 ng/ml. The intra
assay coefficient of variation of the pooled hyper
parathyroid serum in 20 consecutive assays was
9.4% - As shown in Fig. 1, sera from a normal sub
ject, a patient with hyperparathyroidism, and an
aiiquot of extract from a parathyroid adenoma gave
curves parallel to the standard curve (â€”----) upon
serial dilution. Figure 2 shows a representative
standard curve for 25-OH-D radioassay. The de
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deficient diet for 4 weeks. The binding protein was
diluted 1: 1,000 with barbital buffer, pH 8.6. The
assay procedure is shown in Table 2. Test serum,
250 @l,was extracted with i ml of absolute ethanol.
To the tubes containing 50 ,@lof labeled 25-OH-D3
(about 100 pg), were added 500 @lof 0.01%
f3-lipoprotein in barbital buffer, 500 @lof binding
protein, and 100 @lof aliquots of the extract or of
crystalline 25-OH-D3 standards (0 to 1,000 ng) in
75 % ethanol. They were then mixed in a Vortex
mixer and incubated at 4Â°Cfor 30 mm. At the end
of the incubation, 500 @zlof dextran-coated charcoal
suspension were added to each tube, mixed thor
oughly, and left for 20 mm. One-milliliter aliquots of
the supernatant were transferred to vials with 10 ml
of Bray's solutions and counted in a liquid-scintilla
tion counter with automatic external standardization.
The efficacy of extraction was assessed in each assay
using labeled 25-OH-D3. The extraction of test
serum with ethanol had a recovery rate of 85 Â± 1%

(mean Â±s.e.) and was found to be independent of
the test serum and its 25-OH-D3 concentration.

Nonspecific binding of labeled 25-OH-D3 in the
absence of binding protein was assessed for standards
and for serum extracts in each assay.

Extraction of tumor FF11 and CT. Twelve patients
with malignant tumors were evaluated for the ec
topic PTH and/or CT production.

The surgically removed tumors, along with con
trol tissue, were frozen on dry ice within 5 mm after
removal. The specimens were homogenized in a
Waring blender at 4Â°Cfor 30â€”60sec with 10 ml of
0. 1 N hydrochloric acid/g. The homogenate was
centrifuged at 15,000 rpm for 20 mm at 4Â°C.The
opalescent supernatant was refrigerated until assayed
for PTH and CT (6).

The recovery of the extraction, checked by labeled
PTH and CT, was 40% for PTH and 30% for CT.
The extracts, both tumor and control, were assayed
directly by radioimmunoassay in multiple dilutions:
iâ€”100,@lof extract;10@ to 1mgof protein.Control
assays of the hydrochloric acid extracting buffer

alone showed no reactivity or interference with the
assay. Protein concentrations in the tissue extracts
were determined by the method of Lowry (7).

Bone scintigraphy. Bone scintigraphy was per
formed 3 hr after the i.v. injection of 7â€”15 mCi of
Tc-99m HEDP, the dose being adjusted according
to body weight. AP and PA whole-body skeletal
images were obtained with a dual whole-body scan
ner with 3.5-in., low-energy collimators, and/or a
gamma camera with a high-resolution, medium
sensitivity collimator.

Evaluation of methods. Figure 1 illustrates a typi
cal standard curve for the radioimmunoassay for

0.5 1 5 ngbovinePlH sâ€”c

12:5 @5 50 100 izlSerum- !@ 1 ;ilTumorExtract*â€”*
12.5 25 50 100

I-- -â€œ@ @o:i--@@ -@@ @o z@m iooo

nq!ti0e

1227Volume 19, Number 11



SerumbiochemistryTumortissueImmuno

Immuno
AlkalinereactivereactiveCalciumPhosphatephosphatasePTHCT(mg/100

ml)(mg/100 ml)(mU/mI)(ng/wet g)(ng/wet g)

MORITA, FUKUNAGA, DOKOH, YAMAMOTO, AND TORIZUKA

(Fig. 2). The coefficient variation within assay was
5% for pooled serum in ten assays containing 30
ng/ml. The interassay coefficient of variation for
the pooled serum in ten consecutive assays was 11%.

RESULTS

Figure 3 shows the relation between plasma im
munoreactive PTH and CT levels in ten cases with
primary hyperparathyroidism and 12 cases with ma
lignant tumors.

Among those with primary hyperparathyroidism,

there were five cases with prominent bone resorption
in which immunoreactive PTH levels were markedly
elevated. In the other five cases with renal stones
and no overt bone resorption, plasma immunoreac
tive PTH levels were distributed from normal into a
slightly higher range. Plasma immunoreactive CT
levels were within the normal range, except in one
patient who developed renal failure. No significant
differences were seen between parathyroid adenoma
and hyperplasia in terms of the plasma values of
immunoreactive PTH and CT. Bone scintigrams
showed high uptake of Tc-99m HEDP within the
entire skeleton in all five cases with prominent bone
resorption. In the other five cases, however, with
renal stones, bone scintigrams were read as normal.

In six hypercalcemic cases with bone metastases
from primary neoplasms in the lung, kidney, ureter,
and breast, plasma immunoreactive PTH levels were
characteristically low except in two cases with rela
tively high normal PTH, whereas plasma immuno
reactive CT levels were distributed into a higher
range. In addition, neither immunoreactive PTH nor
CT were extracted from tumor tissues. Bone scm
tigraphy revealed multiple metastatic lesions, includ
ing the ribs, vertebrae, and pelvis.

There were four cases with malignant tumors that
produced a PTH-like substance with resulting pseu
dohyperparathyroidism (Table 3) . Surgical speci

5
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0

0
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0 1 2 3 7
immunoreactive CT nq/mli

FIG. 3. RelationbetweenplasmaimmunoreactivePTHand CT
levels in hypercalcemia. In primary hyperparathyroidism: bone
type (open circles) and stone type (solid circles). In malignant tumor:
with bone metastases (asterisks), ectopic PTH syndrome (squares),
hepatoma with neither bone metastases nor ectopic PTH syndrome
(open triangle), and multiple myeloma (closed triangle). Stippled
area represents normal range.

tection limit, which was defined as the point 2 s.d.
below the zero point, was 0. i ng/tube. Plasma levels
of 25-OH-D were estimated in 20 normal healthy
individuals. The normal range of 25-OH-D was
20â€”60ng/ml. Figure 2 also shows displacement
curves for the natural metabolites of vitamin D. Cross
reactivity of 24,25-(OH)2-D3 with the binding pro
tein was 100% at 50% displacement of the labeled
25-OH-D3; that of D3 was 1.9% ; and that of i,25-
(OH)2-D3 was 0.7% . Cholesterol and la-OH-D3
were much less potent in displacing labeled 25-
OH-D3. If 24,25-(OH)2-D3 or i,25-(OH)2-D3 are
considered to be a problem, they must be separated
from 25-OH-D3 by chromatography. Serum from a
patient with vitamin-D intoxication gave a curve
parallel to the standard curve upon serial dilution

TABLE 3. SERUM BIOCHEMISTRYAND IMMUNOREACTIVE PTH AND CT IN TUMOR EXTRACTS
IN ECTOPIC PTH SYNDROME

1.Renal-cellcarcinoma12.72.718220N.D.2.Squamous-cell
carcinomaoflung13.23.311815N.D.3.Oat-cell

carcinomaoflung15.12.486100N.D.4.Bronchogenic
squamous-cellcarcinomaofneck12.32.013220N.D.S

N.D. = nondetectable.

1228 THE JOURNAL OF NUCLEAR MEDICINE



00iOo

i@o

CLIMCAL SCIENCES
IN VITRO NUCLEAR MEDICINE

mens of the tumors, extracted with acid, were found

to contain abnormally elevated . concentrations of
PTH. The extracts gave dose-response curves super
imposable on those of bovine PTH. No immuno
reactive CT was detected in these extracts. Adjacent

control samplesâ€”e.g., from the kidney, lung, and

muscle not involved by the tumorâ€”did not have

demonstrable PTH or CT. As shown in Fig. 3, these
four cases with the ectopic PTH syndrome showed
high plasma levels of both immunoreactive PTH and
CT. Bone scintigrams were read as normal in these
cases. In spite of the high PTH levels, no increased
uptake of Tc-99m HEDP by the skeleton was seen.

In one case of hepatoma, with serum calcium con
centration of 15.3 mg/iO0 ml, phosphate of 2.5
mg/100 ml, and alkaline phosphatase of 177 mU/
ml, the plasma immunoreactive PTH level was too
low to be detected by the assay, whereas the CT

level was markedly raised. This pattern was similar
to that seen in the hypercalcemic cases with bone
metastases. However, no metastatic bone lesions

were identified, either by repeated scintigraphic bone
survey or at autopsy. In addition, neither immuno
reactive PTH nor CT was identified in the hepatoma
tissue.

In one case with hypercalcemic multiple myeloma,
serum calcium concentration was 14.8 mg/100 ml,
phosphate was 4.8 mg/iOO ml, and alkaline phos
phatase was 82 mU/mi. No clinical symptoms of
hypercalcemia were recognized. Ionized calcium con
centration in the serum was 2.20 mEq/l, which is
within the normal range. Plasma immunoreactive
PTH level was 0.7 ng/ml, CT was 0.2 ng/ml, and
25-OH-D was 20.0 ng/ml, all within the normal
range. Total serum protein was 10.2 g/100 ml and

immunoglobulin G was markedly increased to 5.7
g/iOO ml.

Figure 4 shows the distribution of plasma 25-

OH-D levels in the hypercalcemic cases. In most of
the cases with primary hyperparathyroidism, 25-
OH-D levels were distributed within the normal
range. In seven of the 12 cases with malignant tu
mors, with or without bone metastases, 25-OH-D
levels were lower than normal, probably due to mal
nutrition. Two cases with vitamin-D intoxication
showed the extremely high 25-OH-D levels. Bone
scintigrams showed a markedly increased uptake of
the nuclide within the entire skeleton.

DISCUSSION

Our data show that in patients with primary hyper
parathyroidism, plasma immunoreactive CT levels
are normal, regardless of the degree of hypercal
cemia, unless coexisting renal failure is present. The
exact mechanism for the coexistence of hypercal

Primary
Hyperparathyroidism

MalignantTumor

Vitamin D
Intoxication

c8814 * 4

0 50
25-OH-D(nglml)

FIG. 4. Plasma25-OH-Dlevelsin varioushypercalcemiccon
ditions. Stippled area representsnormal range.

cemia and normal plasma immunoreactive CT level
is not clear. In the majority of hypercalcemic pa
tients with malignant tumor, there is spread from a
primary neoplasm to bone, and the hypercalcemia
is due to local destruction by the metastases. Eleva
tion in blood calcium may act directly on the para
thyroid glands to reduce PTH release and concur
rently stimulate CT secretion from the C cells in the
thyroid. This results in the characteristic findings
of low to normal plasma immunoreactive PTH as
sociated with high CT levels in patients with hyper
calcemia due to bone metastasis. Immunoreactive
PTH was not identified in the tumor extracts when
1 mg of tissue protein was used for the assay. The
question still remains, however, whether the two
cases with relatively high normal PTH in this group
would not have shown ectopic PTH if a large
amount of tumor extract had been measured.

Measurements of PTH and CT are also useful in
recognizing the syndrome of pseudohyperparathy
roidism. In all cases with tumors producing ectopic
PTH, increased quantity of immunoreactive PTH
was found in the circulation. Elevated plasma im
munoreactive CT levels were thought to be the re
suit of the direct action of hypercalcemia on the
C cells in the thyroid, since no immunoreactive CT
was identified in the tumor extracts. The combination
of high levels of both plasma immunoreactive PTH
and CT is a characteristic finding in the ectopic PTH
syndrome, which can be distinguished from primary
hyperparathyroidism by the elevated plasma immu
noreactive CT. We speculate that the patient with
hepatoma may have been hypercalcemic through
secretion of prostaglandin E2 (8), or vitamin-D-like
sterol (9), or osteoclast-stimulating factor (10) , and
that the hypercalcemia in the myeloma patient was
due to abnormal binding of calcium by immuno
globulin G (11).

Patients receiving an excessive amount of vita
mm D2 may develop the syndrome of vitamin-D
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intoxication. Measurements of vitamin-D metabo
lites, such as 25-OH-D or l,25-(OH)2-D, are of
particular value in differentiating vitamin-D intoxi
cation from other causes of hypercalcemia.

In conclusion, the measurement of circulating im
munoreactive PTH, CT, and 25-OH-D appears to
be useful in the differential diagnosis of the hyper
calcemic conditions.

FOOTNOTES

C QUSO 032, Philadelphia Quarz Co., Philadelphia, Pa.
t Philips-DupharB.V.,Amsterdam,Holland.
* Specificradioactivity 80 Ci/millimol, Radiochemical

Center, Amersham, U.K.
Â§Naphthalene120g, PPO8 g, anddimethylPOPOP0.4

g, dissolvedin 200 ml of methanol, 40 ml of ethyleneglycol
and 1,760 ml of p-dioxane; counting efficiency 35%.
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JOINTMEETINGOF THESNM COMPUTERAND INSTRUMENTATIONCOUNCILS

January 2 1-22, 1978 Hyatt Regency Phoenix, Arizona

A topical symposiumis being sponsored by the SNM Computer and Instrumentation Councils,consistingof
invited presentations, contributed papers and active attendee participation. Submitted papers are
encouraged in the following categories:

Hardware - Design and Quality Control
Operating Systems- Design and Quality Control

Applications - General Considerations

This year's program will include â€œstate-of-the-artâ€•seminars, hosted by the Commercial Research and
Development Community. The seminars will review operating systems as they supportclinical data processing
and recent developments in computerized nuclear cardiology.

CALL FOR ABSTRACTS

Abstracts mustbe typed and limited to lessthan 250 words. Theyshould be headed bythe title of the paper
and the names of the authors with the presenting author underlined. The name and address should also be
included. Send the abstract and four copies to:

David Gilday, M.D.
Division of Nuclear Medicine

The Hospital for Sick Children
555 University Avenue

Toronto M5G 1X8
Ontario) Canada

Abstract deadlineâ€”November 15, 1978




