XEORE Metadata, citation and similar Eaeers at core.ac}uk

Review

Evolution and current state of assays for measuring parathyroid hormone

Mario Skugor*, Manjula Gupta, Sankar D. Navaneethan

Endocrine and Metabolic Institute and Department of Nephrology and Hypertension, Glickman Urological and Kidney Institute, Cle-
veland Clinic, Cleveland, Ohio, USA

*Corresponding author: SKUGORM@ccf.org

Abstract

Development of the assays for parathyroid hormone (PTH) stems from the early radioimmunoassay development. Recognition of the assay shortco-
mings led to the development of the newer immunometric assays (IMA) that allowed for better characterization and understanding of the PTH mo-
lecule secretion, action and metabolism. Newer assays also allowed for reliable diagnosis of primary hyperparathyroidism and hypoparathyroidism
in the majority of the patients. However, despite apparent improvements in the assay’s characteristics, considerable difficulties remain in assessme-
nt of the bone metabolism in the patients with end stage renal disease. Combining the results of second generation PTH IMA assays with third ge-
neration PTH IMA assays or standardizing the PTH results may offer further enhancement in the ability to assess bone metabolism in these patients,
but further studies are necessary to elucidate their true clinical value.
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Introduction

Parathyroid hormone (PTH) secretion from parat-
hyroid cells is regulated by action of the calcium
on calcium-sensing receptor (1). Vitamin D meta-
bolites and phosphorus have chronic indirect effe-
ct on PTH secretion via effects on PTH gene tran-
scription (2) or PTH mRNA stability (3). Measure-
ments of the serum levels of PTH hormone allows
for diagnosis and monitoring of several metabolic
bone disorders. In last half century many assays for
the measurements of PTH levels in the serum or
plasma have been developed. It is important to
understand characteristics of these assays to be
able to make informed diagnostic conclusions
from their results.

Secretion and metabolism of
parathyroid hormone

The metabolically active parathyroid hormone sec-
reted from parathyroid cells is an 84 aminoacid

protein (1-84) PTH. Parathyroid hormone acts on
type 1 PTH/PTHrp receptor through interaction of
N-terminal portion of the molecule with the re-
ceptor. Some degradation of the intact PTH mole-
cule occurs inside the parathyroid cells resulting in
secretion of various N-terminally truncated mole-
cules. Some of these fragments have partially pre-
served N-terminal structure and are called non-(1-
84) PTH fragments (4). Others are smaller fragments
that lack N-terminal structure (5). The relative
amount of the PTH forms secreted is regulated in
an acute and chronic manner. Hypocalcaemia cau-
ses less intracellular degradation of PTH molecule
and more of (1-84) PTH is secreted in relation to ot-
her forms. Hypercalcaemia has the opposite effect
(6). Chronically, vitamin D deficiency also increases
the ratio of (1-84) PTH relative to the fragments. Vi-
tamin D supplementation has the opposite effect.

After secretion, the PTH molecule is quickly degra-
ded in liver (half life of intact PTH is two to four mi-
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nutes) which releases both, non-(1-84) PTH and
C-terminal fragments back into the circulation
(4,7). The rapidity of degradation is not affected by
level of serum calcium or vitamin D metabolites.
Half-life of the remaining fragments of the PTH
molecule is five to ten times longer than intact
molecule. All molecular forms of the PTH molecule
are excreted from the body and degraded by kid-
neys proportional to the glomerular filtration (7).
This is the only known pathway of C-terminal frag-
ment excretion from the body. Consequently, the
concentration of the C-terminal fragments excee-
ds the concentration of intact PTH molecules in
circulation.

Accurate and reproducible measurement either of
the biologically active or intact parathyroid hor-
mone concentration in serum or plasma is helpful
for clinical assessment of bone metabolism. This is
particularly difficult to achieve in patients with
chronic kidney disease, the population in which
abnormalities of bone metabolism are particularly
common. As renal function diminishes, C-terminal
fragments accumulate in the circulation, conti-
nuously altering their ratio to the intact PTH and
causing difficulties in assessment of bone metabo-
lism in these patients (8).

PTH assays development
RIA assays

PTH assays which were developed in early 1960s
utilized radioimmunoassay (RIA) techniques (9).
These are most commonly referred to as the “first
generation PTH RIA assays”. There were also a few
bioassays but these were used mostly for research
purposes. The RIA utilizes radio-labeled peptides
in competitive displacement assays. For the PTH
measurements, highly purified intact PTH or
synthetic PTH fragments were used. The single
polyclonal antibody was used and physical means
were used to separate bound from free-tracer
(charcoal, dextran, etc.). There was a wide variabili-
ty among the early immunoassays in their ability
to differentiate between the normal and hyperpa-
rathyroid sera (10,11). The main cause of these va-
riations is immunochemical heterogeneity of cir-

Biochemia Medica 2010;20(2):221-8

culating PTH (12,13). The PTH immunoassays could
be divided into four categories based on major
epitopes on the PTH molecule against which the
antisera are directed.

1. N-terminal assays: the antisera are directed to
N-terminal region of PTH. These assays recog-
nize intact and non-(1-84) PTH fragments.

2. C-terminal assays: The antiserum primarily reac-
ts to the C-terminal region and detects a varie-
ty of the C-terminal fragments as well as intact
hormone.

3. Midmolecule assays primarily recognize inta-
ct molecule and fragments that contained the
mid region sequence [44-68].

4. Intact PTH assays: Utilize either a single antise-
rum against the region where PTH is cleaved
[28-48] or two antisera directed to N-terminal
and C-terminal regions (sandwich assay).

The actual amount of PTH measured in different
clinical situations varied from one assay to another
because of different molecular species detected
but also depending on the factors such as choice
of the tracer and antisera, use of purified or partial-
ly purified bovine PTH (1-84) standards and other
factors (14). Results of these assays correlated
poorly with results of bone histomorphometry in
patients with chronic renal disease in some but
not all studies (14-16).

Studies of relation between PTH structure and
function revealed that PTH function depends on
the first 34 aminoacids (12). Hence, N-terminal as-
says had somewhat better predictive power in as-
sessment of the type of bone disorder in patients
with end stage renal patients undergoing dialysis
but had low sensitivity and proved to be of limited
value (19). C-terminal assays on the other hand de-
tected biologically inert C-terminal fragment whi-
ch had low clearance rate and little biological acti-
vity but accumulated in kidney disease (20).

The next generation of assays utilized well charac-
terized N-terminal and C-terminal monoclonal or
polyclonal antibodies, one used as capture antibo-
dy bound to solid support and other tagged with
isotope ligand and used as signal antibodies. The-
se, second generation PTH IRMA assays are also
called “two-site” or “sandwich” intact PTH assays,
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and provide better clinical correlation than N-ter-
minal and C-terminal RIA assays, and have been
the preferred method for PTH detection (Figure 1)
(14-16).

The nonisotopic immunometric PTH assays that
are developed in late1980s are referred to by va-
rious names in literature. We will refer to them as
second generation PTH IMA. The original assum-
ption in the development of second generation
PTH IRMA and IMA assays was that use of two dis-
tinct antibodies will result in detection of the com-
plete, “intact” PTH molecule and allow for accurate
measurement of the PTH secretion. Indeed, these
assays proved to be far superior to the older RIA
assays (14). Reproducibility of the results was much
better, even in the patients with end stage renal
disease. Studies employing the double tetracycli-
ne-labeled bone biopsies showed good correla-
tion of immunometric PTH assay results with the
bone histology in patients with different types of
renal osteodystrophy (21,22). Results of these stu-
dies still guide the interpretation of the PTH levels
in patients on dialysis. However, the changes in
vitamin D administration to these patients and re-
cent changes in the demographic characteristic of
end stage renal patients, both of which have been
shown to alter the relationship between the PTH
level and bone metabolism, may necessitate ree-
valuation of bone histology with results of current
immunometric PTH assays.

With time it was realized that most of the second
generation PTH assays also detect several pepti-
des distinct from the (1-84) PTH, called a non-(1-
84) PTH molecular form. Using the high pressure
liquid chromatography and/or gel chromatograp-
hy it is possible to separate many of these pepti-
des and it is realized that truncated segments with
partially preserved N-terminal structure, especially
(7-84) PTH peptide, are also detected using these
assays (23-25). This molecular forms of PTH accu-
mulates in kidney disease and partially accounts
for the larger portion of I-PTH in patients with re-
nal failure than in normal subjects and contributes
to the major proportion of non-suppressible frac-
tion of I-PTH (25,26). The (7-84) PTH fragment is
capable of binding to type 1 PTH/PTHrp receptor

Intact 1-84 PTH

13-34AA
Labeled antibody

39-84AA
Biotinylated capture antibody

Non 1-84 PTH

C-term fragment

N-term fragment

FiGure 1. The intact PTH assay uses capture antibody specific
for the C-terminal region of the PTH molecule and signal anti-
body specific for the 13-34 region of the molecule and detec-
ts the intact PTH but also the N-terminal truncated long frag-
ments.

but lacks PTH biologic activity, hence competes
with and antagonizes PTH action (27-28). This sug-
gests that I-PTH levels overestimate the presence
and severity of PTH mediated osseous abnormali-
ties in patients with kidney disease.

In addition, there is a form of (1-84) PTH that is not
detected by the second generation PTH IMA tests
which use signal antibody specific for epitopes in
the 12-18 amino acids region. This form is most li-
kely post-translationally modified in this region,
and detection antibodies used in the assays have
no specificity for a modified molecule. Such a form
of the PTH molecule comprises about 8% of total
PTH in healthy individuals and about 15% in renal
failure patients (24).

Third generation PTH IMA assays

An ideal assay should possess high precision and
accuracy along with a low degree of variation in
repeated measurements. Unfortunately both first
and second generation assays did not meet the
criteria for an ideal assay. Realizing the shortco-
mings of the second generation PTH IMA assays,
efforts were made to develop the next generation
of assays that employ the detection antibody that
has specificity for the first four aminoacids in the
PTH molecule. These assays are called “third gene-
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ration PTH IMA assays” as well as “biointact PTH
assays”. The specificity of these assays was confir-
med by their inability to detect synthetic PTH frag-
ments lacking one or more N-terminal aminoa-
cids (29).

These assays are not in routine clinical use presen-
tly but several studies have been published com-
paring performance of the second and third gene-
ration PTH IMA assays.

Most of these studies demonstrated excellent cor-
relation of results between second and third gene-
rations of PTH IMA assays in healthy individuals,
and in those with chronic kidney disease (29-31)
resulting in only marginal improvement in clinical
performance. The third generation PTH IMA assay
results tested over the wide range of plasma PTH
concentrations are approximately 40-50% lower
than those obtained using the second generation
PTH IMA assays (29-32). This indicates that only
about half of the immunoreactivity detected by
the second generation PTH IMA is attributable to
the intact form of PTH while rest is caused by va-
rious N-terminally truncated metabolites that re-
tain immunoreactivity. Furthermore, the ratio of
intact PTH to these fragments stays relatively con-
stant over the wide variety of PTH levels and renal
function.

Clinical comparisons between second and
third generation PTH IMA assays

Sensitivity for detection of primary hyperparat-
hyroidism was tested in several studies using the
second and third generation PTH IMA assays, and
although some studies reached opposite conclu-
sions (33,34), in general it can be said that there is
an equivalent diagnostic sensitivity between the-
se two generations of the PTH assays (35). Both ge-
nerations of assays show excellent sensitivity ran-
ging from 88 to 97% for diagnosis of primary
hyperparathyroidism (30,33-35). In addition, in pa-
tients with hypercalcemia of malignancy both ge-
nerations of the assays yield undetectable PTH le-
vels.

Recently, the calcimimetic medications have been
introduced into the treatment algorithms for ma-
nagement of secondary hyperparathyroidism in
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patients with renal insufficiency on dialysis. These
medications act through the Ca/Mg receptor and
suppress PTH secretion preventing the develop-
ment of high turnover renal osteodystrophy and
tertiary hyperparathyroidism in these patients.
Measurement of PTH levels serves as a guide for
therapeutic decisions. Comparison of the second
and third generation PTH IMA assays showed that
both assays could be used for monitoring of thera-
py with cinacalcet and that this medication does
not significantly change the ratio between (1-84)
PTH and large, N-terminally truncated PTH frag-
ments (36).

The highest hope for the newest generation of
PTH assays was to improve the assessment of the
bone turnover in different forms of renal osteo-
dystrophy. However these hopes remain largely
unfulfilled. Recent data show that PTH levels ob-
tained by second and third generation PTH IMA
assays have very similar predictive power for as-
sessment of bone turnover in patients with end
stage renal disease (29,37).

Current shortcomings

The National Kidney Foundation/Kidney-Dialysis
Outcome Quiality Initiative (K-DOQI) guidelines are
used in United States to optimize management of
secondary hyperparathyroidism in patients with
chronic kidney disease. These guidelines recom-
mend that for stage 5 chronic kidney disease pa-
tients (GFR <15 ml/min), PTH level be maintained
at 150-300 ng/L (38). This guideline was derived
from the series of studies comparing the histo-
morphometric data from bone biopsies with si-
multaneous PTH measurements (21,22,39). The
PTH levels were determined using the earliest se-
cond generation PTH IMA assay, the Allegro assay
developed by Nichols Institute Diagnostic Inc.
(40). One study examined the question of applica-
bility of this recommendation when assays from
different manufacturers are used. Their compari-
son of 15 commercially available PTH assays, using
47 serum pools from dialysis patients showed a
wide range of results. When Allegro intact PTH as-
say measured values were between 150-300 ng/L,
the results with other assays were in 83-323 ng/L
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range at lower end of the data range and 160-638
ng/L at upper end of the range (41). These findings
indicate the need to use assay specific decision li-
mits for patients with chronic kidney disease and/
or need for development and application of a cor-
rection factor for each assay to make results com-
parable.

Another study examined the predictive value of
PTH measurement for detection of adynamic bo-
ne disease and secondary hyperparathyroidism
in end stage renal disease patients and found
adynamic bone disease in 89.2% of patients with
intact PTH < 100 pg/mL while secondary hyper-
parathyroidism was found in 89.4% of patients
whose intact PTH was = 500 pg/mL. However, ma-
jority of the patients had intact PTH values be-
tween these two levels and in this group low bo-
ne turnover was found in 59% of patients while
normal or high bone turnover was present in 41%
(42). These findings raise concerns about the relia-
bility of the currently available second generation
assays.

In an effort to provide a universal management
guideline for all CKD patients across the globe,
Kidney Disease: Improving Global Outcomes (KDI-
GO) group released guidelines to manage Chronic
Kidney Disease: Bone and Mineral Disorder (43).
The working group appropriately addressed the li-
mitations of the available PTH assays and recom-
mended that PTH should be measured, with stan-
dardization within clinics and dialysis units in the
methods of sample collection, processing, and as-
say used. More importantly, in contrary to the
KDOQI guidelines, KDIGO guidelines determined
that using narrow ranges of PTH defining an ‘opti-
mal’ or ‘target’ range was neither possible nor de-
sirable. In conclusion, better tools are necessary
for bone metabolism assessment in patients with
kidney disease.

Despite these limitations, new information regar-
ding the PTH metabolism and action keeps emer-
ging and the use of the newest PTH assays conti-
nues to play an important role in development of
this field of investigation. A good example is a
study demonstrating association of increased le-
vels of biointact PTH (third generation PTH IMA)

with increased mortality in patients on hemodia-
lysis, while total PTH level showed no such asso-
ciation (44).

Insights in PTH physiology and
opportunities for further development

The ability of the different assays for PTH to detect
different fragments of the intact molecule provi-
ded the tools for detailed study of the secretion,
metabolism and physiologic actions of the intact
PTH molecule and its metabolites. It has been
shown that the (7-84) PTH fragment may have
biologic activity. When human synthetic (7-84)
PTH fragment was administered to rats it caused
lowering of serum calcium and when it was co-ad-
ministered with human (1-84) PTH or human PTH
(1-34), it blunted the calcemic response (27, 28, 31,
45). The same studies indicated that this effect is
mediated through the receptor distinct from type
1 PTH/PTHrp receptor known as C-PTH receptor
which was characterized in 1995 (46). Such an effe-
ct is yet to be demonstrated clearly in humans.
The ratio of the (1-84) PTH to non (1-84) PTH is ac-
tively regulated in humans as demonstrated in the
studies of normal healthy volunteers (47,48). It is,
therefore, plausible that similar regulation occurs
in the patients with chronic renal insufficiency.
Measurements of relative amounts of biointact
PTH (third generation of PTH IMA) and long C-ter-
minal PTH fragments (value obtained by subtracti-
ng the value of biointact PTH from intact PTH va-
lue obtained with second generation PTH IMA as-
say) may offer better insight into bone metaboli-
sm in end stage renal disease patients, as shown in
the study (32) of 51 patients which found excellent
sensitivity (87.5%) for detection of adynamic bone
disease.

While we await the development of the ‘perfect’
assay, standardizing the PTH results against a gold
standard is a potential option. But the lack of gold
standard PTH assay precludes this. As suggested
by Souberbielle et al, applying a correction factor
to reduce the inter-method variability of PTH mea-
surement is possible but doesn’t provide a perma-
nent solution to the problem (49).
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Conclusion

In summary, development of the successive gene-
ration of the PTH assay led to the much better un-
derstanding of PTH physiology and pathophysio-
logy (Table 1). Development of the second genera-
tion PTH IMA assays in 1980s improved the clinical
applicability of the testing, especially in patients
with kidney disease. Recognition of the limitations
of these assays in detecting of truly intact PTH mo-

lecules led to the development of the third gene-
ration PTH IMA assays. However, even with third
generation assays, the clinical performance of the
tests has been improved only marginally. While cli-
nicians strive to provide evidence-based care for
these patients, lack of such ideal assays to measure
PTH hampers those efforts. Further research in this
area is eagerly awaited and necessary to improve
our ability to make clinical decisions about treat-
ments of patients with chronic kidney disease.

TaBLE 1. Characteristics of the various commercially available PTH assays.

Assays Target segment Methodology Advantages Limitations
First C-terminal and RIA - Measure PTH fragments not excreted by
generation  mid-region kidneys, poor analytical sensitivity
assays (44-68) PTH
Second Fulllength 1-84  Immuno-radiometric Good analytical quality with  Cross reactivity with 7-84 PTH fragment
generation  PTH assay lower variation, significant and overestimation of secondary
assays correlation with bone biopsy  hyperparathyroidism

parameters
Third 1-84 PTH and Immuno-radiometric Detect only 1-84 PTH (not Not widely available, no bone turnover
generation  amino PTH assay C-terminal and 7-84 PTH) studies to establish it superiority over
assays second generation assays
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Razvoj i nova saznanja o testovima za mjerenje koncentracije paratiroidnog

hormona

Sazetak

Razvoj testova za odredivanje koncentracije paratiroidnog hormona rezultat je ranog razvoja radioimunoloskih testova. Uvidanjem nedostataka
testa doslo se do razvitka novih imunometrijskih testova, koji omogucuju bolju karakterizaciju i razumijevanje izlucivanja, djelovanja i metabo-
lizma molekule paratiroidnog hormona (engl. parathyroid hormone, PTH). Noviji testovi takoder omogucuju postavljanje pouzdane dijagnoze
primarnog hiperparatiroidizma te hipoparatiroidizma kod vecine bolesnika. Medutim, unato¢ oiglednim poboljsanjima znacajki testa, jos se
uvijek pojavljuju znacajne poteskoce u procjeni metabolizma kosti kod bolesnika u zavr3noj fazi bubrezne bolesti. Kombinacija rezultata druge
generacije imunometrijskih testova za odredivanje koncentracije paratiroidnog hormona (engl. PTH IMA assay) s onima trece generacije ili stan-
dardizacija rezultata mjerenja koncentracije paratiroidnog hormona mogla bi jo3 vise poboljsati procjenu metabolizma kosti kod tih bolesnika.
Stoga je potrebno provesti daljnja istrazivanja kako bi se razjasnio njihov stvarni klinicki znacaj.

Kljucne rijei: paratiroidni hormon; imunometrijski test; bolest bubrega
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