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The radioimmunoassay of parathyroid hor-
mone (PTH) in human serum or plasma has
proved difficult, and conflicting results have
been reported from various laboratories (1).
The existence of immunochemical hetero-
geneity of circulating PTH was first demon-
strated by Berson and Yalow in 1968 (2).
Subsequently, Arnaud, Tsao and Oldham (3)
and Sherwood, Rodman and Lundberg (4) in-
dependently demonstrated that PTH extracted
from parathyroid glands and PTH in serum
or plasma are immunologically different.
More recently, Habener ef al. (5) demon-
strated that PTH is secreted into the circula-
tion as glandular hormone and then convert-
ed to a smaller molecular species.

The present study demonstrates the exis-
tence of immunoreactive fragments of PTH
in human sera. The results explain the discrep-
ancy of data obtained by investigators using
different antisera.

Materials and Methods. Peripheral venous
blood was collected from hyperparathyroid
patients before, during, and after calcium in-
fusion or parathyroidectomy. Calcium was
given intravenously as calcium gluconate—glu-
coheptonate, 4 mg Ca/kg/hr for 4 hr. Serum
samples from 5 similar patients were pooled,
concentrated, and fractionated, as shown in
Fig. 1. Pooling of samples was necessary in

1 Supported by NIH grant AM 08572, the Jules
J. Reingold Trust, and the Noah and Belle Sloan
Fund. A preliminary report of these studies was
presented at the Central Society for Clinical Re-
search, Chicago, IL (Nov., 1971). (J. Lab. Clin.
Med. 78, 814 (1971), (Abstr.).

2 Reprint requests should be addressed: E. R.,
Department of Medicine, University of Miami
School of Medicine, ‘P.O. Box 875 Biscayne Annex,
Miami, Florida 33152,

order to obtain sufficient amounts of PTH in
the eluted fractions. Immunoreactive PTH
was measured in the eluted fractions by a
sensitive radioimmunoassay using one an-
tiserum, CH-824 (6). This antiserum has
been used in all previous human studies from
this laboratory. Assay results are expressed
in microliter equilvalents per milliliter, an ar-
bitrary unit relating the potency of test sam-
ples to that of an arbitrarily selected stan-
dard hyperparathyroid serum. PTH in eluted
tubes was measured at two widely varying
concentrations, and assays were repeated on
tubes containing any measurable hormone.
The coefficient of variation of samples as-
sayed at different concentrations was 10%.

Results. Fractionation of sera from pa-
tients with hyperparathyroidism due to a sin-
gle adenoma are shown in Fig. 2. Immunoas-
sayable PTH emerged in 3 distinct peaks.
From the characteristics of column, the mo-
lecular weights for peaks I, IT, and III were
estimated to be 9500, 7000-7500, and
4500-5000, respectively. Since the elution
volume of peak I coincided with that of the
BIL-PTH marker, this peak is assumed to
represent glandular hormone. In this experi-
ment, the same eluted fractions were assayed
for PTH using a second antibody (CH-71).
The resulting pattern of immunoreactivity in
the eluted fractions was very similar to that
shown in Fig. 2, indicating that the two anti-
bodies used possessed similar affinity charac-
teristics for glandular hormone and the small-
er fractions,

The three molecular species of PTH sepa-
rated by gel chromatography were immunolo-
gically distinct (Fig. 3). The bound to free
hormone concentration (B/F), expressed as
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Fic. 1. Procedure for concentration and {ractiona-
tion of hyperparathyroid sera. The concentrating
membranes used were Amifco Diaflo membranes
(Amicon Corp., Lexington, MA). A 15-20-fold con-
centration was attained. Bio-gel was obtained from
Bio-Rad Laboratories. The column size was 1.5 X 50
cm. Bovine serum albumin (2%) was passed
through the column immediately before addition of
serum samples to minimize loss of hormone.

percentage of incubations containing only
trace amounts of labeled hormone, is shown
as a function of varying amounts of unla-
beled material. In this system, unfrac-
tionated whole serum yields a function which
is indistinguishable from that obtained with
glandular bovine or human PTH (6, 7). Ad-
justment of the abscissa scale made possible
superimposition of functions obtained with
unfractionated serum and with peak I. A
superimposition of functions could not be
effected for peaks II and III, no matter how
the abscissa scale was adjusted. Such results
have been generally interpreted as indicating
immunologic differences between the peaks
and similarity between peak I and unfrac-
tionated serum (3).

In Fig. 4 are shown results of fractionation
of sera from patients with primary hyper-
parathyroidism before, during, and after
parathyroidectomy (PTX) for a single
adenoma. At the time of PTX, peak I in-
creased markedly. However, by 30 min after
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PTX, peak I had disappeared and remained
absent thereafter. Peaks II and III persisted.
By 90 min, peak II had decreased signifi-
cantly, and peak III remained as the pre-
dominating circulating immunologic moiety.

The results of similar studies on sera ob-
tained before, during, and after calcium infu-
sions are shown in Figs. 5 and 6. Figure 5
shows the elution profiles of immunoreactive
PTH obtained during a 4 hr calcium infusion
in patients with primary hyperplasia. The
base line pattern was similar to that obtained
in patients harboring a single adenoma.
Peak I decreased during the calcium infu-
sion, being definitely smaller by 1 hr, barely
detectable by 2 hr, and definitely absent
thereafter. There was a suggestion that peak
IT also decreased during the course of the
calcium infusion while peak III remained es-
sentially stable. In Fig. 6 is shown the same
study performed in patients with adenomas.
There was a small decrease of peak I
throughout the calcium infusion, but this
peak remained clearly detectable after 4 hr
of infusion. Peak IT decreased slowly while
peak IIT actually increased.

Fractionation of sera from patients with
severe chronic renal insufficiency (creatinine
clearance, < 15 ml/min) is shown in Fig. 7.
Peak I again eluted in the same area as the
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Fic. 2. Fractionation of pooled sera from patients

with hyperparathyroidism due to a single adenoma.

Vo and V, indicate the void and salt volumes,

respectively. (--) the elution pattern of *I-labeled

highly purified bovine PTH (Wilson Laboratories).

(—) the elution profile of immunoassayable PTH.
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131]-labeled bovine PTH marker. Peaks II
and TIIT also had the same elution pattern as
the corresponding fragments in patients with
primary hyperparathyroidism. However, a
smaller molecular weight fragment appeared
in the salt volume. On Bio-gel P-6, the molec-
ular weight of this fragment approximated
2500.

Control experiments to determine whether
concentration of serum samples and the
pooling procedure introduced artifacts were
performed but are not shown in graphic
form. When the entire procedure was applied
to highly purified bovine PTH, with and
without %!T-label, all immunoreactivity and
radioactivity eluted in a single peak, indicat-
ing that the experimental procedure does not
result in fragmentation of glandular hor-
mone. Concentrating large volumes of serum
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Fic. 3. Bound to free hormone concentration

(B/F) as a function of unlabeled hormone or hor-
mone fragments in the incubation mixture. B/F is
expressed as percentage of incubations containing
only tracer hormone. Peak I, tubes 36-42; peak II,
tubes 45-51; and peak III, tubes 59-66 (Fig. 2).
Pools were concentrated by lyophilization. Absolute
units on abscissa are arbitrary. Failure to achieve
superimposition of the functions for the 3 peaks
indicates immunologic differences between them.
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F1c. 4. Fractionation of pooled sera from patients
with hyperparathyroidism before, during, and after
parathyroidectomy (PTX) for a single adenoma.
The top panel is identical with Fig. 2. At the time of
PTX, peak 1 increased markedly, but disap-
peared rapidly thereafter. The data indicate different
kinetic properties of the 3 peaks, with some
suggestion of conversion from higher to lower molec-
ular weight species.

from a single hyperparathyroid patient and
subsequent fractionation yielded an elution
profile of immunoreactive PTH identical with
that observed with pooled samples. Hence,
pooling did not introduce artifacts.

The overall recovery of immunoreactive
PTH through the entire concentrating and
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Fic. 5. Fractionation of pooled sera from patients
with primary hyperplasia of the parathyroids before
and during an intravenous calcium infusion, The
base line pattern is similar to that obtained in
patients with a single adenoma. Peak I disappeared
during the infusion.

fractionating procedure was approximately
40%.

Discussion. The present studies demon-
strate the existence of at least three distinct
immunoreactive species of PTH in peripheral
blood. These differ in molecular size, immu-
nologic characteristics, and kinetic properties.
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Peak T (mol wt 9500) was identified as
glandular hormone by its elution in a pattern
identical with that of highly purified bovine
PTH. Its reaction with our antiserum was the
same as that previously observed with glan-
dular bovine and human hormone (7). In
addition, it had the kinetic characteristics of
glandular hormone, as previously reported by
others (8).

The data suggest that the small fragments
(peaks IT and III) represent metabolic de-
gradation products of glandular hormone.
This interpretation is based on the striking
increase of glandular hormone at the time of
parathyroidectomy when physical manipula-
tion of the parathyorid glands releases pre-
formed hormone into the circulation (9, 10).
Habener et al. (5) have recently demonstrat-
ed directly by collection and assay of para-
thyroid effluent blood that PTH is secreted
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Fic. 6. Fractionation of pooled sera from patients
with parathyroid adenoma before and during an
intravenous calcium infusion. Although peak I de-
creased during the infusion, the rate of decrease was
small and distinctly different from that observed in
patients with hyperplasia (Fig. 5).
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Fi1c. 7. Fractionation of sera from chronically ure-
mic patients. The fitst 3 peaks emerged in the
expected pattern. Note presence of a fourth peak in
the salt volume.

in the form of glandular hormone. They also
demonstrated the presence of smaller frag-
ments in the peripheral circulation but, using
unconcentrated plasma, their fractionation
did not yield discrete fragments as reported
here. The alternative explanation, that cleav-
age of PTH occurs at the time of secretion, is
therefore not supported by Habener and co-
workers’ or our data.

The present study is limited in four re-
spects: (a) The existence of circulating mo-
lecular species of PTH larger than glandular
hormone cannot be excluded since the void
volume was not examined systematically. The
existence of a prohormone in parathyroid
glands has recently been documented by two
groups of investigators (11, 12). (b) All of
our sera were derived from patients with ab-
normal parathyroid function, and it is there-
fore not clear whether PTH fragments are
also present in normal sera. Several attempts
to fractionate large pools of concentrated nor-
mal serum failed to yield sufficient amounts
of immunoreactive PTH for assay. (c) The
quantitative relationship between PTH frag-
ments is only approximate because of their
immunologic differences. (d) We have no in-
dication yet about the biologic activity of the
fragments.

The demonstration of immunoreactive
fragments of PTH in the peripheral circula-
tion could readily explain the conflicting im-
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munoassay results reported from various lab-
oratories. The antiserum used in these
studies reacts well with circulating fragments
but does not appear to possess strong affinity
for glandular human PTH. Since different
antisera probably have different affinities for
glandular hormone and its fragments, diver-
gent results should be expected. In view of
the kinetic differences between glandular hor-
mone and the fragments, an antiserum pos-
sessing high affinity for smaller molecular
weight species of PTH should have a high
capacity for discriminating between normal
and abnormal sera. Our antiserum appears to
have such affinity characteristics. By con-
trast, an antiserum having a high affinity for
glandular hormone would be particularly well
suited for studies involving secretory rates
and preoperative localization of abnormal
parathyroid glands by means of differential
venous catheterization of the parathyroids.

For standardization of the immunoassay
technique in the future, it is likely that each
antiserum will have to be characterized with
respect to its affinity characteristics to vari-
ous hormone fractions. Ideally, antiserum
should be produced to specific fragments.
With the rapid progress in the chemistry of
the hormone now being made, including syn-
thesis of various fragments, it is likely that
the production of specific antiserum will be
possible (13, 14). Individual test sera will
then have to be evaluated with a variety of
antisera, the choice of antiserum depending
on the study to be performed.

Summary. Sera from patients with various
forms of hyperparathyroidism were concen-
trated and fractionated on Bio-gel P-10
columns. Eluted fractions were assayed for
immunoreactive PTH. In addition to glandu-
lar PTH, two smaller fragments were iden-
tified (mol wt 7000-7500 and 4500-5000, re-
spectively). Glandular PTH and fragments
differed in their immunologic and kinetic
properties. The results appear to explain
divergent results reported from various labo-
ratories in the application of the immunossay
of PTH to clinical investigation.

J. M. C. has submitted these data in partial
fulfillment of the research requirements for the PhD
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degree in the Department of Biology, Illinois Insti-
tute of Technology, Chicago, IL.
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