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ABSTRACT

An hamlogous radioimmuncassay for the synthetic 1-34 amino
terminal fragment of human parathyroid hormone (hPTH) was devel-
oped using antibodies obtained from yolk of eggs layed by an
1257 Jabelled 1-34 hPTH peptide was
purified by cation—exchange chromatography which provided a highly
stable preparation. The specificity of the assay showed a cross—
reactivity of 50% with the 1-34 hPTH (code 81/574) preparation and
27% with the 1-84 hPTH (code 79/500) oreparation, when compared
with the 1-34 hPTH fram Bachem that was used for immmization and
labelling. The minimal detectable dose of the assay was 10 pmol/1;
in 69 healthy controls the values cbtained ranged from <10 to 28

immunized chicken. The
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pmol/l and in 14 patients with surgically proven primary
hyperparathyroidism from 10 to 519 pmol/l. (Key words: Parathyroid
hormone, Radioimmunoassay, Egg Yolk derived antibodies, Amino

terminal specificity.)

INTRODUCTION

The ideal immunoassay is the one that can measure the biol-
logically active molecule, thereby obtaining a high correlation
with the bicassay. Concerning human parathyroid hormone {(hPTH) the
situation is particularly difficult since most of its circulating
hormonal forms are biologically inactive mid and carboxyl-terminal
fragments (7). The active forms comprise the intact molecule and
the amino-terminal fragment; both are short lived (2) rendering
the development of an immunoassay a difficult task. The
elucidation of the amino acid sequence of the hPTH molecule (3,4)
provided a new tool for the development of assavs since synthetic
peptides can be use for the generation of specific antibodies,
and also for labelling and as standard,

The limited mmber of publications dealing with the
development of specific amino-terminal hPTH assays (5,6,7,8,9) are
noteworthy. It denotes not only the difficulties in producing high
affinity antibodies against the 1-34 hPTH peptide, but also the
technical problems in labelling that peptide, and the low serum
levels of biologically active hPTH (10).

Chickens have heen used as a source of antibodies for the
development of radicimmunvassay methods for hPTH (11,12,13) and we
have recently reported the possibility of extracting specific
antibodies from the yolk of eggs layed by immunized c¢hickens (14).

We report herein the results cobtained in the development of a
radioimmunoassay (RTA) for the hPTH 1-34 fragment using antibodies
cbtained from yolk of eggs layed by a chicken immunized with the
synthetic peptide, and preliminary results with its application.
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MATERIALS AND METHODS

Reagents:

Synthetic 1-34 hPTH used for immunization and iodination was
purchased from Bachem Inc., Torrance, California, U.S5.A. Synthetic
28-48 hPTH was also obtained from Bachem Inc., and the 150
International Reference Preparation of Parathyroid Hormone, human,
for immuncassay (1°C TRP, established 1981), code murber 79/500,
as well as the synthetic 1-34 hPTH, NIBSC reagent 81/574, were
obtained from the National Institute for Biological Standards and
Control (NIBSC), Holly Hill, Hampstead, ILondon, U.K.. Sheep
anti-chicken IgG was obtained in our lakoratory using egg yolk
DEAE~cellulose purified chicken IgG as imminogen. Unless otherwise
stated, all the other reagents were obtained from Merck Indistrias
(uimicas, Rioc de Janeiro, Brasil.

Production of Antisera:

Three chickens were immunized by multiple intradermal
injections with 50pg of synthetic 1-34 hPTH emulsified in 1 ml of
complete Freund's adjuvant. They were reimmunized at monthly
intervals, for three months, with the same dose of 1-34 hPTH, and
blood samples (from a wing vein) were obtained monthly after the
third injection. Eggs layed by these chickens were also ¢ollected
during the period of immunization and after that for a period of
18 months. The egg processing for extraction of yolk IgG was
performed acoording to our previcusly published method (14).
Antibodies were produced by the three chickens although only one
showed sufficient titer and affinity to be used for the
development of the radicimmuncassay. It is noteworthy that this
chicken maintained a stable titer during the whole study and
curves obtained using serum or egg yolk IgG were almost
superimposable (14) . As we obtained much more antibodies from the

egys, all the assay starndardization studies were done with a

pool of egg yolk IgG.
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Iodination Procedure:

The peptide was labelled by the chloramine T method (15)

used as follows: 50u2 of phosphate buffer, 500 mmol/l, pH 7.4
125

and Na I (0.5 mCi, Amersham International, Buckinghamshire, UK)

were added to 10u2 of 100 mmol/l acetic acid solution containing
0.6ug of the peptide {(1-34 hPTH}. Chloramine T (50ug) in 10uf
phosphate buffer 50 mmol/l, was then added followed by an
oxidation time of 30 seconds at room temperature. Sodium
metabisulphite (150ug) in 50uf of phosphate buffer 50 mmol/l1 was
then used to stop the reaction. The final reaction product was
applied to a 0.9x30cm column of (M-Sephadex C-25 (Pharmacia Fine
Chemicals, Uppsala, Sweden) equilibrated with citrate buffer 10
mmol/l, pH 6.0, and eluted, at room temperature, using a
continuous NaCl gradient to 250 mmol/l. Fractions of 1.5 ml were
collected and the velocity of elution was calibrated to 0.125 ml
per minute. The fractions containing the labelled immnoreactive
peptide were pooled, and aliquots of 200u% were stored at -20%.

Serum Samples:

Serum was obtained fram 69 normal volunteer out—patients and
preoperatively from 14 patients with surgically confirmed primary
hyperparathyroidism. Serum samples were kept at - 20°C until
assayed.

Assay Procedure:

The buffer used throughout (assay buffer) was phosphate 20
mmol/1l, NaCl 140 mmol/1, BSA 5g/l, EDTA 50 mmol/l, Trasylol
{Bayer do Brasil S/A, Sdo Paulo) 500 IU/ml and NaN3 lg/1, pH 7.4.
Standard curves were prepared by diluting the stock solution of
the 1-34 hPTH peptide in assay buffer, to obtain a soluticn of
250 pmol/1 that was thereafter diluted up to 15 pmol/1. 0.1 ml
of the appropriate dilutions of the peptide, or serum sample,
were incubated with 0.1 ml of an antibody solution calibrated
to produce 15-25 percent binding when no unlabelled peptide was
present. Following an incubation at 4°¢ for 2 days, 0.1 ml of the
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labelled peptide (4000 to 6000 cpm, approximately 5 frmol) was
added and the incubation continued for 2 additional days at 4°c.
Separation of bound and free 1251 peptides was achieved by the
addition of 0.1 ml of sheep anti-chicken IgG serum (final dilution
1/80) . After a 60 minutes incubation at 4OC, 0.1 ml of PTH-free
serumn (charcoal treated outdated serum) was added, followed by
immediate addition of 1 ml of a 64 g/l solution of PEG 4000 (Atlas
Ind. Quim. Maui, S3o Paulo, Brasil), mixing and centrifugation at
2500 rpm for 30 min. at 4°C. After the removal of the
supernatants, the pellets were ocounted in a scintillation
spectrophotameter and the results were calculated as described
below.

Serum calcium was determined routinely using an atomic

absortion spectrophotometry method.

Ria Calculations:

All 1-34 hPTH curve-fitting and dose-interpolation have used
the non-linear four—parameter logistic model (16), according the
equation

BO — BN

1 + ([@])b

50
where [hPTH] is the standard or sample hPTH concentration; B is
the bound fraction radicactive count rate response; BO and BN are
the responses when [hPTH] = 0 ard [hPIH] - « ("infinitive" dose},
respectively; b = exponent parameter associated with the curve
slope; and EDg, is the dose when % H = 50%

RESULTS

Todination:

The elution profile of a (M-Sephadex C-25 chromatography of
a typical iodination is shown in Figure 1. Three peaks of
radioactivity are clearly distinguishable: the first (peak 1) is
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Figure 1. Elution profile of a (M-Sephadex C-25 chramatography of
the iodinated products obtained after Chloraminte T radioiodina

tion of hPTH (1-34). B/T indicate the percent binding of the io

dinated product obtained under normal assay condition.

composed by the unreacted 125I, the second (peak II) showed a low
B/T (3%) ratio being probably composed by damaged 1-34 hPTH
peptides that had their structure modified by oxidation and/or
overiodination, thus explaining its low immunoreactivity. The
third peak (peak III) comprises the 1-34 hPTH with good
immuroreactivity that showed excellent stability for at least

4 weeks stored in small aliquots at — 20°C.
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i
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Assay Characteristics:

The eyg yolk-derived antibody was used in a final dilution of
1:1800, The minimal detectable dose of the assay (table 1),
defined as the dose level which results in an expected response
which is statistically different from the expected response for a
zero dose tube, was 10 pmol/l {41 pg/ml). The study of the
specificity of the assay (Figure 2), using the Bachem hPTH 1-34
peptide as reference, showed a cross-reactivity of 50% for the
1-34 hPTH {(code 81/574), 27% for the 1-84 hPTH (code 79/500) and
urdetectable for the 28-48 hPTH. Figure 2 also shows a good
parallelism between the different standards and aliquots of serum
from a patient with surgically proven primary hyperparathyroidism.

The overall performance of the assay can be analysed by the
data contained in Table 1 and by the precision profile shown in
Figure 3. We also studied the within~run and between-run
precisions with serum pools with mean values of 57, 30 and 14
pmol/l. The within-run coefficients of variation were 8.3, 11.7
and 11.7% and the between—run coefficients of variation were
12.2, 13.4 and 14.9% respectively.

Clinical Use:

The results cbtained in the 63 healthy controls and 14
patients with surgically proven primary hyperparathyroidism are
shown in Fiqure 4. In the healthy contrels the serum values
ranged from <10 to 28 mwol/l, and in hyperparathyroid patients
from <10 to 519 pmol/l. There was an overlap between the values
of the two groups, since 4 of the 14 patients (29%} with primary
hyperparathyroidism had values of 1-34 hPTH within the normal
range. This overlap can be completely eliminated if we consider
the concomitant serum calcium levels, since all the 4 patients
had hypercalcemia. Another remarkable point was that the majority
of the normal controls (75%) had undetectable levels of 1-34 hPTH
with this assay.
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Table 1
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Figur? 2. Dose response curves for hPTH 1-34 [Bachem (e), hPTH 1-
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Figure 3. Precisicn profile obtained with a typical hPTH (1-34) as

say using standard assay conditions.
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Figure 4. Serum parathyroid hormone measured with the hPTH  (1-34)
assay system in 69 healthy controls and 14 patients with  surgi
cally proven primary hyperparathyreid (HPT).

DISCUSSION

Based on the work of Jensenius et al {17) we have recently
reported on the possibility of obtaining specific anti-hPTH Ig
from the yolk of eggs of chickens that were good responders (14).
In fact, the chosen chicken layed dozens of eggs during the
period of study, enabling us to obtain almost 1 liter of IgG
preparation with a titer egquivalent to half of that obtained in
the serum of the same animal. In spite of the relatively low
titer (1:1800), the good volume of IgG preparation obtained
prompted us to continue with the standardization of an assay
using the mentioned antibody source.

The first problem we faced during the development of a 1-34
hPTH specific assay was the labelling of the 1-34 synthetic
peptide. This peptide, besides having no tyrosine, has two
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methyonine residues that are very prone to oxidation under
standard 125I labelling conditions. The transformation of
methionines at positions 8 and 18 to methicnine suifoxide or
sulfore results in loss of biologic activity (18,19) and possibly
in its immunoreactivity. In fact, a simple gel filtration of the
lodination reaction products in a Sephadex G-15 cclumn (14)
vielded only two peaks of radicactivity; the first one was the
labelled peptide, which needed tc be rechromatographed weekly

in order to obtain a labelled material of acceptable quality.
Assuming that some changes in the peptide net charge could have
been induced by the oxidation and/or iodination, we tried a
cation-exchange column chromatography to purify the iodination
products. The results obtained allowed us to get rid of a
significant amount of labelled petide (peak II in Figure 1) with
125, Jabelled 1-34 hPTH obtained
(peak III in Figure 1) could be used during at least four weeks

almost no immunoreactivity. The

without needing any further purification.

The specificity of the assay (Figure 2) showed interesting
characteristics: 1) the cross-reactivity of only 50% for the 1-34
hPTH (code 81/574) demonstrates that this preparation and the one
from Bachem are somewhat different; this can be explained by a
difference in purity of the preparations or that the Bachem
preparation has, for some reason, a different conformational
configuration, better recognized by the antibodies; 2) the low
cross-reactivity (27%) cbserved for the 1-84 hPTH (code 79/500)
can be explained, at least in part, by the different spacial
conformation of the 1-34 hPTH peptide when it forms a part of the
corplete 1-84 hPTH peptide. This cbservation can explain the fact
that 75% of the nmormal controls had undetectable hPTH levels.

The presence of amino-terminal fragments with biclogical
activity in circulation, was demonstrated by Goltzman et al (10},
using a very sensitive cytochemical bicassay. Nevertheless it
acoounted for only a small percentage of hPTH bioactivity in
normal circunstances, increasing to significant levels only in
patients with uremia.
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The results obtained in the 14 patients with primary
hyperparathyroidism are quite acceptable, especially if one
consider that these results were obtained in single samples for
all the patients. Multiple sampling could have improved the
differentiation between the two groups (20}. The necessity of a
concomitant analyses of serum hPTH and calcium levels to optimize
the diagnoses of primary hyperparathyroidism is common to almost
all the hPTH assays (21,22,23,24,25),

The assay described, with its high specificity for the 1-34
hPTH peptide, ocould be of interest in some especial situation, as
the study of parathyroid functicn in patients with chronic renal
failure, where amino-terminal fragments with biological activity
are present in the circulation and where carboxyl-terminal assays
are misleading because of the retention of carkoxyl fragments

that occurs in these circunstances (2,26,27).
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ABSTRACT

Atrial natriuretic peptide (ANP) was measured in plasma of
dogs and rabbits by radiocimmunoassay (RIA) using a commercially
available anti «~ANP serum and compared to our measurements of
ANP in rats and humans. Plasma concentration of ANP in dog
coronary sinus {234,9 * 41.0 pg/ml}) was significantly greater
than in systemic arterial blood (81.2 * 8.4 pg/mi}. Gel fil-
tration of dog coronary sinus plasma resulted in an ANP peak
with the elution volume (Vo) of synthetic atriopeptin III
(AIII) and a minor peak eluting with the void volume (V,).
Rabbit systemic arterial plasma ANP was 53.3 * 4.3 pg/ml and
yielded one peak, with a Vo of AIII. Ion exchange chromato-
graphy of dog and rabbit atrial extracts (AE} resulted in a
major ANP region which resembled AIII, Gel filtration of AL
showed Targer molecular species as well as AIII. Dilutions of
dog and rabbit plasma and AE were parallel with the AIII stan-
dard in radioimmunoassay.

(Key Words: Atrial natriuretic, radioimmunoassay, dog, rabbit)
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