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Abstract

Background. Numerous growth factors and cytokines
are known to modulate bone turnover. An important,
recently discovered complex involved in osteoclasto-
genesis is the osteoprotegerin/osteoprotegerin-ligand
(OPG/OPGL) cytokine complex, which is produced by
osteoblasts. Many factors, including parathyroid hor-
mone (PTH), appear to affect bone turnover through
this pathway. In this disorder, the role of the OPG/
OPGL system in the pathogenesis of renal osteo-
dystrophy, a disease with either low or high bone
turnover, has not been investigated so far.

Methods. Thirty-nine chronic haemodialysis patients
had bone biopsies, including histomorphometric and
histodynamic examinations. In addition, the following
serum biochemistry parameters were measured: serum
OPG, intact PTH, PTH 1-84, total PTH, osteocalcin,
total and bone alkaline phosphatases, 25-hydroxy-
cholecalciferol and 1,25-dihydroxycholecalciferol.
Results. On average, serum OPG levels were above
the normal range. They were lower in adynamic
bone disease (ABD) patients, than in patients with
predominant hyperparathyroidism (HP) or mixed
osteodystrophy (MO). Significant negative correlations
were found between serum OPG and PTH levels,
and between serum OPG and parameters of bone
resorption (ES/BS) and bone formation (ObS/BS and
BFR/BS) in HP and MO patients with PTH values
<1000 pg/ml. For intact PTH levels <300 pg/ml,
serum OPG was significantly lower in the group with
ABD than in those with HP or MO (P <0.05).
Conclusion. In renal osteodystrophy the OPG/OPGL
system is involved in the regulation of bone turnover
induced by PTH. The determination of serum OPG
levels could be of use in the diagnosis of low turnover
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bone disease, at least in association with PTH levels
<300 pg/ml.
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Introduction

Bone is a dynamic tissue, which is continuously
renovating in a process called ‘remodelling’. In patho-
logic conditions, such as renal osteodystrophy, this
process may be either accelerated or downregulated,
so both high- and low-turnover renal osteopathies can
be found.

The pathogenesis of renal bone disease has so far
mainly centred on perturbations related to the para-
thyroid and vitamin D system. It is well known that an
excess of parathyroid hormone (PTH) can produce a
condition of high turnover bone disease, while relat-
ively low levels of PTH and/or bone resistance to the
hormone are associated with low bone turnover states,
like adynamic bone disease (ABD) or osteomalacia
(OM). However, the many manifestations of renal
osteodystrophy cannot be explained exclusively by
PTH excess or defect. The levels of PTH correlate
poorly with histodynamic parameters of bone turnover
[1,2]. In addition there is no clear-cut evidence for
a direct relationship between active vitamin D meta-
bolite serum levels and the activity of bone turn-
over, except for a reduction in the rate of turnover
following pharmacologic doses of calcitriol adminis-
tration [3].

It is well known at present that a multitude of local
factors, such as interleukins, growth factors and cyto-
kines, are involved in the process of bone turnover and
in mediating the effect of PTH [4,5]. The importance
of some of these factors in chronic renal failure has
already been reported [4,6,7]. In recent years new
aspects of bone physiology have been disclosed, in
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particular the findings of the cytokine system regulat-
ing osteoclastogenesis and of a new role for osteoblasts
[5,8,9]. Osteoprotegerin (OPG) and osteoprotegerin-
ligand (OPGL) constitute a complex mediator system
involved in the regulation of the resorption process in
bone, which is probably responsible for the homeo-
static mechanism of bone turnover. Alterations in this
system could form the basis of some metabolic bone
diseases, like osteoporosis and osteopetrosis, as sug-
gested by recent experimental evidence [10,11]. How-
ever, in vivo studies regarding the role of the OPG/
OPGL system in metabolic bone diseases are still
needed. A recent review [12] has highlighted the
importance of this cytokine system of osteoblastic
origin, which is able to control osteoclastic activity
through the interplay of many factors, including PTH
and calcitriol, that act mainly on the osteoblasts. It is
known from experimental in vivo and in vitro studies
that OPG, which is secreted by osteoblasts, is able to
block the osteoclastogenesis induced by OPGL, which
is also a product of the osteoblast. In addition, several
studies have shown that PTH acts by enhancing the
production of the osteoclastogenic factor OPGL and
by inhibiting the synthesis of the soluble receptor
OPG, which blocks the biological effect of OPGL
[13-15]. We still do not know how this cytokine system
is involved in renal bone disease.

The present study was carried out to evaluate the
serum levels of OPG in different bone histological
patterns of chronic renal failure, and to establish a
possible relationship between its serum levels and those
of PTH and several other biochemical markers, as well
as histomorphometric and histodynamic parameters.
The results obtained provide valuable information on
the role of OPG in renal osteodystrophy.

Subjects and methods

This study has been conducted on 39 haemodialysis patients
with a wide range of serum PTH levels, who volunteered
to undergo a bone biopsy. The average age of the patients
(28 males and 11 females) was 57.1 +11.5 years, while the
time on dialysis was 60.9 4+ 83.4 months. The causes of renal
failure were the following: chronic glomerulonephritis in six
patients, hypertension/ischaemic nephropathy in six, tubulo-
interstitial nephropathy in four, polycystic kidney disease
in five, diabetic nephropathy in five, renal stone disease and
obstructive nephropathy in three, renal malformations in two
and unknown causes in eight patients. None of the patients
were undergoing treatment with vitamin D or its active meta-
bolites and analogues. The patients did not receive cortico-
steroids, NSAIDs, anticoagulants, antiepileptics, oestrogens
or androgens. Phosphate chelating agents were mainly
sevelamer and calcium salts. All the patients were treated
with standard haemodialysis, 12 h per week, divided into
three sessions.

All the patients were subjected to transiliac bone biopsy
with a Bordier trocar, following a double labelling course
with tetracycline per os, with a 12 day interval. The
biopsy was performed 3-5 days after the end of tetra-
cycline administration. At the same time a blood sample
was drawn for the following assays: intact PTH, PTH1-84,
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total PTH, osteocalcin, bone alkaline phosphatase,
total alkaline phosphatase, 25-hydroxycholecalciferol,

1,25-dihydroxycholecalciferol, calcium and phosphate.

Serum OPG was measured on undiluted samples with
a sandwich enzyme immunoassay provided by
Immundiagnostik (Bensheim, Germany), which uses two
highly specific antibodies against human OPG. The detection
antibody was a biotin-labelled polyclonal antihuman OPG
antibody, derived from a goat immunized with thOPG. The
intra- and inter-assay variation coefficients were 8 and 12%
respectively. Normal values for 22 normal subjects aged
29.8 +£4.8 years, are 30.45+ 12.1 pg/ml. Normal values on a
vast number of normal subjects of different ages, obtained
with the same assay method, have been reported recently [16].

Serum intact PTH was measured with a commercial
(Nichols Institute Diagnostics, San Juan Capistrano, CA,
USA) immunoradiometric assay based on a double antibody
technique. The normal range of values is 10-65 pg/ml. PTH
1-84 and total PTH were measured with an assay provided
by Scantibodies Laboratory, Inc. (Santee, CA, USA). Normal
values for 22 normal subjects, 11 males and 11 females, are
reported in Table 1.

Serum osteocalcin, or BGP, was measured by an IRMA
assay (Nichols Institute Diagnostics). The intra- and inter-
assay variations were less than 5.2 and 7.1%, respectively.
The normal range is 6.8-32.2 ng/ml.

Serum 25-hydroxycholecalciferol was measured with a
competitive protein-binding method, after purification on
Sep-Pack C18 cartridges and extraction with acetonitrile. The
normal range is 10-60 ng/ml.

Table 1. Mean (4 SD) values and ranges of clinical, biochemical and
histomorphometric and histodynamic parameters

Normal values

Number 39 -

M/F 28/11 -

Age (years) 57.08+11.48 -

HD time (months) 60.90 +63.43 -

PTH intact (pg/ml) 369.28 +£474.42 15-55
PTH 1-84 (pg/ml) 227.44+300.77 26.8449.56
PTH Total (pg/ml) 410.93 +£569.44 30.94 £12.81
BGP (ng/ml) 178.85+155.87 6.8-32.2
BALP (U/l) 49.31+63.32 10-23
AP (U]l 256.9+194.83 60—170
25-OHD; (ng/ml) 25.06+13.13 10—40
1-25(OH),D5 (pg/ml) 10.93 +12.37 19.9-67
Ca (mg/dl) 10.33+1.09 8—10

P (mg/dl) 5.29+1.57 2.5-4.5
OPG (pg/ml) 90.91 +66.12 30.45+12.12
Number 33 -
BV/TV (%) 21.33+4.47 19.10+4.5
OV/BV (%) 6.46+7.59 1.39+1.08
O.Th (pm) 14.03+6.78 9.55+3.32
Ob.S/BS (%) 11.29+13.18 0.20+0.49
ES/BS (%) 7.29+5.44 1.52+1.28
Oc.S/BS (%) 2.49+2.03 0.18+0.19
MAR (um/day) 0.725540.4768 0.64+0.13
BFR/BS (um®/um?/day) 0.1483+0.2184 0.066+0.037
Aj.AR (um/day) 0.4682 4 0.4489 0.44140.123
MIt (days) 291.60 4 697.63 33.80+10.18

BV/TV, bone volume; OV/BV, osteoid volume; O.Th, osteoid thick-
ness; Ob.S/BS, osteoblast surface; ES/BS, eroded surface; Oc.S/BS,
osteoclast surface; MAR, mineral apposition rate; BFR/BS, bone
formation rate; Aj.AR, adjusted apposition rate; Mlt, mineralization
lag-time.
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1,25-dihydroxycholecalciferol was measured with a radio-
immunoassay provided by Nichols Institute Diagnostic. The
normal range of values is 19.9-67 pg/ml.

Bone alkaline phosphatase was measured with an immuno-
assay, using a monoclonal anti-bAP antibody, coated onto
a microtiter strip to capture bAP in the sample, provided
by Metra Biosystems (Mountain View, CA, USA). Normal
range of values is 10-23 mU/ml.

Serum total calcium was determined by a spectro-
photometric assay using cresolftaleine as substrate. Serum
phosphate and alkaline phosphatase measurements were per-
formed spectrophotometrically (DU-65 Beckman, Fullerton,
CA, USA) using molybdate or p-nitrophenyl-phosphate
as respective substrates. The normal range for the adult
population is 3.0-4.5 mg/dl and 35-125 mU/ml respectively.

Bone specimens were processed as previously described
[2,17]. Sections were stained using the Aluminon technique
[18] for detection of aluminium, and with azure II-methylene
blue for histomorphometric measurement of structural and
static variables. Unstained sections were examined under UV
light for histodynamic evaluation of tetracycline fluorescent
labels. Histomorphometric and histodynamic measurements,
which were carried out in 33 patients (in six patients the
sample was not found to be suitable for statistical adequacy),
were obtained using the Image Analysis System (IAS 2000,
Delta Sistemi, Rome, Italy). All variables were measured
according to the guidelines of the ASBMR Histomorpho-
metry Nomenclature Committee [19], as previously described
[2,17]. Normal values for the histomorphometric [20] and
histodynamic [17] parameters were obtained in our own
histomorphometric laboratory (Table 1).

Bone pathology was classified as OM, ABD, predominant
hyperparathyroidism (HP) or mixed osteodystrophy (MO).
The classifications were made on the basis of morphological
criteria, as already reported [2,17,21]. The designation of
HP implied a general increase in bone turnover rate and
predominant OM was characterized by a decrease in bone
turnover rate associated with an increase of both osteoid
surface and thickness. MO included all the intermediate
features between HP and OM [22] and ABD was character-
ized by reduced bone turnover associated with thin osteoid
seams, bone cell paucity, and a decrease in tetracycline
uptake.

Statistical evaluation was carried out with Statistical
Package for the Social Sciences (SPSS) on a PC.

Evaluations were based on correlation analyses and
ANOVA:s. Values are expressed as mean 4+ SD.

Results

The average values of biochemical assays, and

of bone histomorphometric and histodynamic para-
meters are reported in Table 1, together with normal
reference values. The average value for OPG was
90.94 66 pg/ml, markedly higher than the normal
range, but with a wide scatter of data.

The histological diagnosis identified 12 patients with
HP, 17 with MO, eight with ABD and two with OM.
Aluminum histochemistry was found to be positive
in one case of MO and one case of ABD. The case of
ABD with bone aluminum accumulation was excluded
from statistical evaluation.

Pearson’s correlation coefficients for the entire
cohort of patients did not show statistical significance

235

as regards OPG vs any of the other parameters, except
for OPG vs total AP (0.467, P<0.01) and OPG
vs serum calcitriol (0.467, P <0.05). As expected, intact
PTH was strictly correlated with the parameters ES/BS
(0.616, P<0.001), ObS/BS (0.852, P<0.001), and
BFR/BS (0.872, P<0.001). By leaving out the patients
with low turnover osteodystrophy (ABD and OM), a
negative correlation was observed between OPG serum
levels and the resorption parameter ES/BS (NS). After
selection of the patients with the histologic diagnosis
of HP and MO and an intact PTH level <1000 pg/ml
(n=25), several significant correlations were found
(Table 2). Serum OPG was significantly inversely cor-
related to intact PTH (—0.399, P<0.05) (Figure 1),
PTHI1 1-84 (-0.443, P<0.01) and total PTH (—0.504,
P<0.01), and ES/BS (—0.450, P<0.05) (Figure 2).
Also, after the exclusion of a patient with outlying
values, significant negative correlations were found
between serum OPG and ObS/BS, and between serum
OPG and BFR/BS (Table 2).

In addition, the patients were grouped by histolo-
gical diagnosis. The only patient with ABD and
positive aluminum staining, showed a relatively high
level of serum OPG, in contrast to the other ABD
cases. It was considered an out-lying case and excluded
from group statistics. Comparison was made between
the remaining seven patients with ABD, the 12 patients
with HP and the 17 cases with MO. As shown in
Table 3, average values of serum OPG was lower in
the ABD group compared with the other groups,
without reaching statistical significance (P <0.15).
Finally all the patients with serum intact PTH levels
below 300 pg/ml were selected. Within this group of
22 patients, a significant difference (P <0.03) in OPG
serum levels was found between the seven patients
with ABD and the 15 patients with either HP or MO
(Figure 3).

Discussion

OPG serum levels were on average higher in renal
osteodystrophy than in normal subjects. Among the
histological classes, the group with lowest OPG levels
is ABD. This finding may at first lead to the conclusion

Table 2. Correlation coefficients among OPG, PTH and selected
histomorphometric and histodynamic parameters in HP+MO
patients with intact PTH <1000 pg/ml

OPG P
iPTH (pg/ml) —0.399 <0.05
PTH 1-84 (pg/ml) —0.443 <0.01
PTH Total (pg/ml) —0.505 <0.01
ES-BS (%) —0.450 <0.05
OcS-BS (%) —0.332 <0.1

ODbS-BS (%) —0.492 <0.05
O.Th (um) —0.430 <0.05
BV/TV (%) —0.368 <0.1

BFR/BS (um?®/um?/day) —0.455 <0.05
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Fig. 1. Correlation between serum OPG and intact PTH in patients with HP or MO with intact PTH values <1000 pg/ml.
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Fig. 2. Correlation between serum OPG and the histomorphometric parameter ES/BS in patients with intact PTH values <1000 pg/ml.
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Table 3. Means (+SD) and P values of clinical, biochemical, histomorphometric and histodynamic parameters in the histological classes

HP MO ABD ANOVA

Number 12 17 7

M/F 6/6 13/4 7/0 NS
Age (years) 57.17+£10.62 56.82+12.49 60.14 +12.77 NS

HD time (months) 111.33+81.79 36.47+33.01 21.71+10.03 NS
PTH intact (pg/ml) 776.33 +£659.64 241.78 £209.84 101.16491.7 P<0.01
PTH 1-84 (pg/ml) 434.41 £426.51 154.33+£131.44 58.31+57.88 P<0.01
PTH Total (pg/ml) 833.58 +801.79 240.34 £203.51 108.23+98.95 P<0.01
BGP (ng/ml) 332.17+185.24 140.96 +63.8 42.67+41.45 P<0.01
BALP (U/1) 91.784+96.64 30.21+15.44 12.64+6.99 P<0.01
AP (U/]) 362.2+247.25 189.85+53.72 91.52+35.52 NS
25-OHD; (ng/ml) 20.6049.12 27.79+13.74 23.36+12.54 NS
1-25(0OH),D3 (pg/ml) 13.40+18.85 9.88 +10.28 8.09+4.52 NS

Ca (mg/dl) 10.55+1.27 10.01 +£1.06 10.32+0.63 NS

P (mg/dl) 593+1.73 4.94+1.57 5.244+0.75 NS
BV-TV (%) 23.244+4.71 19.92+4.04 21.6644.80 NS
OV-BV (%) 8.06+5.12 4.49+2.66 2.01+£3.71 NS
O.Th (um) 15.37+3.29 13.46+3.71 8.77+3.77 NS
ObS-BS (%) 26.19413.00 7.724+6.58 0.16+0.29 NS
ES-BS (%) 12.74+4.73 6.81+3.65 2.15+1.43 NS
OcS-BS (%) 4.67+1.80 2.204+1.18 0.51+0.3 NS
MAR (mm/day) 1.1540 +0.4475 0.7593 +£0.243 0.1286 +0.1604 NS
BFR/BS (um*/um?/day) 0.3467+0.3114 0.0951 £0.0603 0.0042 +0.0097 P<0.01
Aj.AR (pm/day) 0.8220+0.4659 0.4943 +0.3421 0.0314+0.0549 P<0.01
Mlt (days) 23.39+11.85 60.4+77.93 657.844+435.34 P<0.01
OPG (pg/ml) 101.08 +68.76 81.88 +45.06 52.07+33.85 NS

that decreased bone turnover in this pattern of osteo-
dystrophy is not due to an excessive OPG production.
Nevertheless, since data concerning local expression of
OPGL are as yet not available, a low production of
OPGL with a relatively high OPG/OPGL ratio cannot
be excluded as a possible cause of the low bone turn-
over in ABD. However, the low osteoblastic surface
with morphologically inactive osteoblasts that is typical
of ABD, may be considered in accordance with a lower
production of these cytokines. One case of ABD had a
positive aluminum histochemistry and markedly elev-
ated OPG levels, suggesting a different pathogenetic
mechanism, which may advocate further research into
the subject.

Serum OPG levels in the patients with HP and
MO were on average higher than in the ABD group.
Therefore, in histological patterns of renal osteo-
dystrophy with high bone turnover and an active osteo-
blastic population, serum levels of OPG, like bone AP,
were higher than in low turnover osteodystrophy.
However, the inverse correlation of OPG with serum
intact PTH, PTH 1-84 and total PTH levels, found
in HP and MO patients with intact PTH levels
<1000 pg/ml, is interesting. In addition, an inverse
correlation was found between serum OPG and the
histomorphometric parameters of bone resorption with
special regard to ES/BS. While no correlation was
initially found between serum OPG and the bone
formation parameters, negative correlations were
found between them after the exclusion of one patient
with out-lying values. Including three cases with very
elevated levels of PTH in the statistical evaluation, the
negative correlations were again not observed.

PTH has been found to stimulate OPGL and reduce
OPG secretion in vitro in osteoblastic-like cells [13-15].
Our findings in renal osteodystrophy patients suggest
that PTH has a similar effect on osteoblastic cells
in vivo. Excess PTH secretion could enhance bone
resorption via the same mechanism already shown
in vitro, which is through the modulation of
OPG/OPGL cytokine system. However, the few cases
with PTH levels above 1000 pg/ml had relatively
elevated OPG levels, suggesting an increased produc-
tion of OPG when the osteoblastic population is
maximally stimulated by PTH.

As for the negative correlations between OPG and
the formation parameters, one might hypothesize that
the increase in PTH serum levels responsible for a
reduction in OPG levels is also the cause of osteoblastic
activation and bone sclerosis. A similar explanation can
be given for the significant negative correlation between
OPG and the parameter O.Th, and the borderline
negative correlation of serum OPG with BV/TV.

In addition, serum OPG showed a significant positive
correlation with calcitriol serum levels. The implication
of this correlation is not yet clear. Calcitriol, a known
factor of osteoblastic maturation, has been found to
transiently stimulate OPGL expression in immature
preosteoblastic cells, while this response is less evident
in mature osteoblasts [13]. Increasing levels of calcitriol
could be accompanied by a larger pool of mature
osteoblasts, a relatively increased OPG production and
reduced OPGL expression.

The present findings in renal osteodystrophy are
the first observations of such a negative relationship
between OPG, PTH and the parameters of bone



238

turnover in human metabolic bone disease, at least at
PTH values <1000 pg/ml. Therefore, the OPG/OPGL
cytokine system may be of importance in mediating the
effects of PTH in renal bone disease. The effect of PTH
on bone might also be controlled by several factors
modulating this cytokine system in bone. An inverse
correlation between PTH serum levels and OPG was also
observed in normal subjects above 40 years of age [16].

An additional observation is the finding of a
significant difference in OPG serum levels between
patients with ABD and those with HP and MO at PTH
levels of <300 pg/ml. It is known that PTH levels
ranging from 100 to 300 pg/ml, define an area of
uncertain bone turnover in chronic renal failure [2,23].
At PTH serum levels <300 pg/l, the average value of
OPG, similarly to bone AP, was significantly lower in
the patients with ABD than in HP and MO patients
(Figure 3). This finding might suggest that serum OPG
assays might be useful for distinguishing between
low turnover bone disease and high turnover renal
osteodystrophy, at least in the range of PTH values
where a clinical diagnosis is in doubt.

In conclusion, the OPG/OPGL cytokine system
appears to be directly involved in the development of
low and high turnover bone disease in renal osteo-
dystrophy. Serum OPG levels could be of help in the
diagnosis of both disease entities.
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