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IMMUNOLOGICAL EVIDENCES FOR THE PRESENCE OF SMALL 
LATE CARBOXYLTERMINAL FRAGMENT(S) OF HUMAN 

PARATHYROID HORMONE (PTH) IN CIRCULATION IN MAN. 

Pierre D’Amour, France Labelle, Rahel Wolde-Giorghis, Lucie Hamel 
Centre de recherche clinique AndrC-Viallet, HGpital Saint-Luc, and 

DCpartement de mCdecine, Universitt de MontrCal, 
MontrCal, QuCbec, CANADA, H2X 334 

ABSTRACT 

Two antisera, C-52 and C-97, raised agains ovine (b)PTH(l- 
84) in guinea pigs, were evaluated with f2-$-[tyr53] human 
(h)PTH(53-84) as tracer and intact hPTH( 1-84) and synthetic 
h P T  H ( 3 9 - 8 4 ) , of ( (< CB ) 
fragments found in circulation, as standards. In both assays, 
hPTH(39-84) was 5-6 times more potent than hPTH(1-84) on a molar 
basis in displacing the tracer. With both antisera, progressive 
deletion at the aminoterminal end of large c<Cn fragments, as in 
hPTH(53-84) and hF’TH(65-84), lead to decreased immunoreactivity, 
hPTH(69-84) being non-immunoreactive. The mid-carboxylterminal 
fragments, hPTH(44-68) and hPTH(39-68), did not react in either 
assay. Each antiserum measured known quantities of pure hPTH( 1-84) 
or hPTH(39-84) standards similarly. Serum PTH values obtained with 
antiserum C-97 were about 3 times higher in renal failure, 1.75 times 
higher in normal individuals and those with primary hyperpara- 
thyroidism, while similar to values measured with antiserum C-52 in 
individuals with secondary hyperparathyroidism without renal failure 
or with pseudohypoparathyroidism. When circulating PTH taken from 
patients with these disorders was fractionated by gel chromatography, 
both antisera recognized similar peaks of intact hPTH(1-84) and of 
large <4J) fragments while antiserum C-97 further reco nized a peak 

behavior of the latter antiserum. Our findings demonstrate the 
existence of small late CCCS fragments in circulation. They further 
suggest an influence of serum calcium and of renal function on the 
quantity of these fragments. 

(KEY WORDS: Parathyroid hormone, radioimmunoassay, 

represent at  ive 1 a r g e car b ox y 1 term i n a 1 

of smaller KCB fragments. This explained the di B ferent clinical 

hypercalcemia) 
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192 D'AMOUR ET A L .  

INTRODUCTION 

Circulating parathyroid hormone (PTH) is immunoheterogenous 

(1). It is composed mostly of large carboxylterminal fragments (2-9), 

which are biologically inactive (10-ll), and a small amount of intact 

hormone (2-9), which is biologically active (10-12). This 

immunoheterogeneity is not a static phenomenon since the relative 

amount of intact hormone and of large carboxylterminal fragments 

appears related to serum calcium concentration (7,9), hypocalcemia 

stimulating the presence of intact hormone with respect to large 

carboxylterminal fragments and hypercalcemia the reverse process 

(7,9). Smaller fragments, either aminoterminal (2,5,12) and 

biologically active (10-12) or carboxylterminal (2,7,8) and biologically 

inactive (10,l l)  have also been described. The  smaller 

carboxylterminal fragment(s) have so far been best revealed by 

antisera with mid-carboxylterminal specificity (8,13,14) and their 

control by serum calcium concentration inferred in at least one study 

(13). We are presenting here immunological evidences for further 

heterogeneity of smaller carboxylterminal fragments of PTH in 

circulation in man. These data are derived from the different clinical 

behavior of two immunologically very similar late carboxylterminal 

antisera. 

MATERIALS AND METHODS 

Antisera 

Two different antisera, raised against partially purified bPTH( 1- 

The first, C-97, was 84) in guinea pigs, were used for these studies. 
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SMALL LATE CARBOXYLTERMINAL FRAGMENTS 193 

used at 1/60,000 dilution while the second, C-52, was used at l/50,000 

dilution after saturation of its mid-carboxylterminal component with 

an excess of hPTH(44-68), as previously described (5). These 

dilutions gave - 30% binding of the tracer in absence of standards. 

-- Tracer 
53 [tyr lhPTH(53-84) was purchased from Bachem Inc. (Torrance, 

Iodination and purification were performed as previously CA, 90505). 

described (13). 

Standards and Pools 

hPTH(1-84), hPTH(1-34), hPTH(44-68), hPTH(53-84), hPTH(64-84), 

and hPTH(69-84) were purchased from Bachem Inc. (Torrance, CA, 

90505) while hPTH(39-84) and hPTH(39-68) were obtained from 

Peninsula Laboratories Inc. (Belmont, CA, 94002). The concentration 

of all standards refers to the initial amino acid content. All 

preparations were initially dissolved in a small volume of 0.2 mol/L 

acetic acid. Standards and pools were further diluted to the desired 

concentration using barbital buffer, 0.05 mol/L, pH 7.6, 1% with 

bovine serum albumin. Aliquots were stored at -75°C until used. 

Clinical Samples 

Blood samples were obtained by venipuncture from 26 subjects: 8 

normal volunteers (laboratory personnel), 8 patients with renal failure 

on chronic hemodialysis, 5 patients with primary hyperparathyroidism 

subsequent ly  proven surgically, 3 patients w i t h  secondary 

hyperparathyroidism without renal failure due to malabsorption, and 2 
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194 D'AMOUR ET AL. 

patients with pseudohypoparathyroidism type I. After centrifugation, 

serum was stored at -75°C until further processed. 

Gel Chrornatograuhv of Serum Samples 

Four samples of 7.5 ml serum from one normal individual, one 

patient with primary hyperparathyroidism, one with secondary 

hyperparathyroidism without renal failure, and one with renal failure, 

were analyzed using gel chromatography on a 2.5 X 100 cm BioGel P- 

100 column (Bio-Rad Laboratories, Richmond, CA, 94804). The serum 

was equilibrated and eluted with 0.1 mol/L ammonium acetate buffer, 

pH 4.6, with bovine serum albumin 1 g/L. Five ml fractions were 

collected, freeze dried and eventually reconstituted in 1 ml of PTH 

assay buffer minus the bovine serum albumin. Appropriate dilutions 

were assayed with both antisera. Recovery of added iPTH from the 

column was better than 80% for each run. 

hPTH Immunoassays 

The two assays were performed in non-equilibrium conditions, 

standards, pools or samples being preincubated for 24 hours with the 

antiserum prior to addition of the tracer. After 48 hours of 

incubation, charcoal-dextran was used to separate bound from free 

phase (15). 

Statistical Analysis 

Paired "T' tests were used to compare the results of pools or 

samples obtained with the two antisera. 
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I 
OOY 

C-52 

hPTH (Cmol 1 hPTH ( f m o l )  

FIGURE 1 Displacement curves with intact hPTH( 1-84) (u), 
hPTH(39-84) (o--o), hPTH(53-84) (k -~ ) ,  and hPTH(64-84) (H) 
are illustrated for both antisera. hPTH( 1-34), hAJH(44- 8), hPTH(39- 

tracer. 
68), and hPTH(69-84) did not displace the I-[tyr 5% lhPTH(52-84) 

RESULTS 

The characteristics of the two antisera used for these studies 

are illustrated on Figure 1, with dilution curves with standard 

hPTH( 1-84), hPTH(39-84) and various other shorter synthetic 

carboxylterminal fragments being shown. With both antisera, 

hPTH(39-84) was most potent on a molar basis in displacing the 

tracer; 50% displacement was achieved with 0.6 fmol in the case of 

antiserum C-52 and 1.5 fmol for antiserum C-97, reflecting the 

greater sensitivity of the former. In both cases, hPTH(1-84) was 

about 6 times less potent than hPTH(39-84) on a molar basis in 

displacing the tracer. Detection limits were 1.2 fmol of hPTH(1-84) 

and 0.2 fi,iol of hPTH(39-84) with antiserum C-52; these figures were 
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196 D'AMOUR ET AL. 

TABLE 1 

Behavior of C-52 and C-97 in Measurin? Pure Standards 

Standard measured 

Antiserum Standard hPTH( 1-84) hPTH( 39 -84) 
in RIA (5.26 fmol)* (1 fmol)" 

hPTH( 1-84) 5.02 f 0.77 (7) 7.16 2 1.03 (6) 
C-52 hPTH(39-84) 0.75 t 0.15 (7) 1.13 t 0.14 (7) 

Molar ratio 6.86 5 1.41 (7) 6.60 2 1.38 (6) 

hPTH( 1-84) 4.40 2 0.55 (7) 6.98 2 1.69 (7) 
C-97 hPTH( 39 -84) 0.71 2 0.17 (7) 1.13 2 0.28 (8) 

Molar ratio 6.33 2 0.88 (7) 6.32 2 1.23 (7) 

( ) = number of assays 
* = theoretical values 

respectively 5 fmol and 0.8 fmol with antiserum C-97. Progressive 

deletion of amino acids at the aminoterminal end of hPTH(39-84) as 

in hPTH(53-84) and hPTH(64-84) led to a slightly more rapid decrease 

in immunoreactivity for antiserum C-52 when compared with C-97, 

hPTH(69-84) being non-reactive in both assays. Deletions at the 

carboxylterminal end of hPTH(39-84) as in hPTH(39-68) and hPTH(44- 

68) caused loss of immunoreactivity. 

The results of an analysis of a pool of 5.26 fmol of hPTH(1-84) 

and of a pool of 1 fmol of hPTH(39-84) assayed against standards 

hF'TH(1-84) and hPTH(39-84) in a miminum of 6 consecutive assays 

with each antiserum are illustrated at Table 1. Both assays measured 
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TABLE 2 

Clinical Results 

No. No. 
Category Patients Samples C-52 C-97 C-97/C-52 

(pmol/L) (pmol/L) 

Normal 8 19 5.42 
? 2.34 

Renal 8 16 98.48 
Failure f 81.54 

PHP 5 6 23.0 
5 14.48 

SHP 3 6 13.98 
? 1.35 

PsHP 2 2 29.75 
f 12.8 

8.82 *.. 1.74 
+_ 2.69 f 0.37 

332.96 * *  3.28 
f 324.29 ? 0.55 

36.47 . 1.78 
? 19.42 k 0.53 

13.86 1.03 
f 1.40 % 0.15 

23.55 0.97 
8.56 f 0.30 

PHP = primary hyperparathyroidism; SHP = secondary hyper- 
parathyroidism without renal failure; PsHP = pseudo- 
hypoparathyroidism. p c 0.0005, ... ; c 0.005, *. ; < 0.05, . . 

identical amounts of hPTH( 1-84) or hPTH(39-84) using either 

standard. The difference in molar reactivity between hPTH( 1-84) 

and hPTH(39-84) in both assays caused the hPTH(1-84) pool to be 

underestimated some 6 times when read on hPTH(39-84) and the 

hPTH(39-84) pool to be overestimated about 6 times when read on 

hPTH(1-84), as expected from the difference between the respective 

dilution curves. 
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FIGURE 2 Analysis of circulating hPTH by gel chromatography in 
patients with various phosphocalcic disorders. Results obtained with 
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Table 2 illustrates the results obtained in measuring clinical 

samples with both antisera. Values measured with antisera C-97 were 

significantly higher in normal individuals, those with renal failure or 

primary hyperparathyroidism, but were similar to those measured by 

C-52 in patients with secondary hyperparathyroidism without renal 

failure or with pseudohypoparathyroidism. The ratio of C-97/C-S2 

values was accordingly greater than 1 in the first 3 conditions but 

equal to 1 in the two latter. 

To gain a better understanding of these differences, the serum 

of 4 different patients was analyzed by gel chromatography and each 

profile was analyzed with both antisera (Figure 2). The first peak of 

immunoreactivity identified by both antisera corresponded to the 

position of elution of intact hPTH(1-84); the amounts identified by 

both antisera were about equal, except for the profile of the normal 

individual where intact hormone was not detected by antiserum C-97, 

mainly because of its lower sensitivity. The second peak was also 

identified by both antisera and corresponded to the position of 

elution of large carboxylterminal fragments of the hormone; again, 

the amounts detected by both antisera were about equal in all cases. 

A third immunoreactivity peak, migrating smaller than large 

carboxylterminal fragments was identified mainly with antiserum C-97, 

and explained the clinical differences observed between the results 

obtained with both antisera. This peak was quantitatively greater in 

the patients with primary hyperparathyroidism and renal failure, and 

less so in the subject with secondary hyperparathyroidism. 
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DISCUSSION 

The study was designed to see if the immunoreactive behavior of 

a given antiPTH antiserum could be predicted from the characteristics 

of dilution curves obtained with hPTH( 1-84) and hPTH(39-84), two 

standards representative of the two main molecular forms of hPTH 

found in circulation. 

Two antisera raised against partially purified bPTH( 1-84) in 

guinea pigs were used for the study. Both demonstrated very similar 

la te  carboxylterminal reactivity, recognizing carboxylterminal 

fragment hPTH(39-84) six times more readily on a molar basis than 

intact hPTH(1-84); the only difference between the two was that 

fragments hPTH(53-84) and hPTH(64-84) were slightly more reactive 

with antisera C-97, although less so than hPTH(39-84). Since 

hPTH(69-84) did not react with either antisera, we had to conclude 

that they recognized a dimensional structural aspect maximally 

expressed in hPTH(39-84), partially expressed in hPTH(53-84) and 

hPTH(64-84), and absent in hPTH(69-84). Furthermore, neither 

antisera reacted with synthetic mid-carboxylterminal fragments, 

hPTH( 39-68) and h PTH(44-68). 

Based on detection limits, antiserum C-52 could detect 8 pmol/L 

of serum of hPTH(1-84) and 1.3 pmol/L of hPTH(39-84) while C-97 

detected 33.3 and 5.3 pmol/L respectively. Since known 

concentrations of hPTH( 1-84) in the serum of normal individuals are 

below 8 pmol/L (16,17), both assays appeared relatively insensitive; 

on the other hand, antiserum C-52 appeared to detect carboxyl- 

terminal fragments best in view of the lower limit of detection. This 
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reasoning has justified the initial use of this antiserum in a variety 

of clinical studies (18,19,20) with very good results. 

The ability of each antiserum to measure pure standards of 

hPTH( 1-84) or hPTH(39-84) was similar, taking into account their 

respective limits of detection. But when we eventually measured PTH 

in clinical samples with antiserum C-97 and compared the results 

obtained with those of antiserum C-52 the values obtained were 

unexpected. PTH values were higher in normal individuals, those with 

primary hyperparathyroidism or with renal failure when measured with 

antiserum C-97, while they were similar for both antisera in those 

with secondary hyperparathyroidism without renal failure and with 

pseudo-hypoparathyroidism. These differences could be explained by 

an analysis of the gel chromatography profile of circulating PTH in 

these clinical conditions. Both antisera were able to detect similar 

amounts of intact hormone and large carboxylterminal fragments in 

the various samples, but antiserum C-97 could also recognize smaller 

carboxylterminal fragments, thus explaining its ability to recognize 

more PTH in circulation. Since the ratio of PTH C-97/PTH C-52 was 

greater than one in individuals with normo- or hypercalcemia and 

equal to one in those with hypocalcemia, it could be postulated that 

the small carboxylterminal fragments identified by antiserum C-97 

were influenced by serum calcium concentration, increasing in line 

with the serum calcium concentration. Further studies will be 

required to see if this increase is related to an increased production 

rate or to a decrease in metabolic clearance. The higher increase 

seen in renal failure would mainly be a reflection of the kidney’s role 

in metabolic clearance (19). 
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The smaller fragments detected by this study appear to retain 

their carboxylterminal structure intact, if we take into account the 

immunochemical characteristics of antisera C-97. This would be 

compatible with progressive cleavage of larger carboxylterminal 

fragments at their aminoterminal end as outlined in the rat with 

12s1-bPTH(41-84) injected in vivo (21). Since smaller fragments with 

mid-carboxylterminal reactivity have also been outlined in various 

studies (13,14,22), this makes circulating carboxylterminal fragments 

of PTH even more heterogenous. It is possible that metabolism at 

both ends of the large fragments could account for this 

immunoheterogeneity, but this remains to be proved. 

Although our approach to evaluate the antisera was theoretically 

correct, it failed because it  did not take into account all the 

molecular forms of PTH found in circulation and their theoretical 

reactivity in both assays. This emphasizes the fact that, until we 

know the molecular structure of all these circulating fragments, and 

can make synthetic ones to use as standards, serum analysis by means 

of gel chromatography will remain the best test to verify the 

immunoreactivity of a given antiserum. 
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