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Summary. Alkaline phosphatase (AIP) and tartrate-resis-
tant acid phosphatase (TRAP) activities have been stud-
ied comparatively in needle biopsies of the iliac crest
of four cases of secondary hyperparathyroidism (renal
osteodystrophy). AIP activity was associated with the
plasma membrane of osteoblasts and their processes, of
reticular cells of bone marrow and of young osteocytes
of osteoid borders and woven bone. Moreover, it was
detected in the fibroblast-like cells of the endosteal *“fi-
brosis”. These cells were orderly in arrangement and were
parallel to the endosteal surfaces near zones of bone
formation. They were disorderly near zones of bone re-
sorption. A strong TRAP-positive reaction was present
in osteoclasts and mononuclear cells of endosteal ** fibro-
sis” and in osteocytes located near active osteoclasts
and in woven bone. These results suggest that the so-
called fibrosis of hyperparathyroidism, rather than rep-
resenting reparative, inert tissue, consists of osteoblast-
like cells, probably precursors of osteoblasts derived by
parathormone-stimulated proliferation of AlP-positive
stromal cells of bone marrow, and of TRAP-positive,
mononuclear cells, probably preosteoclasts. Moreover,
they show that TRAP activity can be present in osteo-
cytes, probably under stimulation by the same factors
which stimulate osteoclast activity. The histochemical
demonstration of AIP and TRAP facilitates the morpho-
logical diagnosis of metabolic bone disease and may im-
prove knowledge of bone physiopathology.
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Introduction

Morphological study of metabolic bone disease over the
last decade has relied largely on quantitative methods.
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While the value of histomorphometry in investigative
histopathology of bone is undisputed (Meunier 1983),
the attention paid to quantitative features of bone dis-
ease has overwhelmed the search for specific qualitative
changes which could be demonstrated by the use of cyto-
chemical and/or immunocytochemical techniques. In
this regard, bone histopathology has lagged far behind
the faster evolution of every other field of histopatho-
logy. Undoubtedly, the inherent difficulties related to
the special nature of bone as a calcified tissue have
played a major role in delaying technological evolution
of bone histology.

Plastic embedding is widely used for processing bone
biopsies. Most laboratories involved in the study of
biopsies taken for metabolic bone diseases use methyl-
methacrylate-based embedding media (Te Velde et al.
1977), which allow sectioning of undecalcified cores but
are not well suited for cytochemical studies. In contrast,
several methods using glycol-methacrylate (GMA)-
based embedding media have been described which al-
low preservation of enzyme activities in the finished tis-
sue blocks (Ferrell and Beckstead 1990). The main objec-
tive in evolving such methods was to apply the enzyme
cytochemical techniques used in diagnostic haematology
to histological material. These methods have also been
applied to the study of problems in bone biology on
occasion, but seldom to human material.

Primary and secondary human hyperparathyroidism
have been extensively studied with morphological meth-
ods (Avioli 1978; Habener and Potts 1978; Bonucci
1985), including investigations of bone tissue with histol-
ogy (Jaffe 1972 ; Malluche and Faugere 1990), histomor-
phometry (Delling 1987), biophysics (Ascenzi and Mar-
inozzi 1961 ; Krempien et al. 1972) and electron micros-
copy (Bonucci etal. 1976, 1978; Delling and Schulz
1978). Histochemical investigations are few and those
concerning enzymatic activity and distribution in cells
of human bone are practically non-existent.

This paper reports an enzyme cytochemical study of
bone and bone marrow in secondary hyperparathyroid-
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ism. Using a technique for preservation of enzyme activi-
ties in GMA-embedded human biopsies, some peculiar
and previously unrecognized features of these diseases,
likely to provide useful information relevant to bone
physiopathology, were revealed.

Materials and methods

The investigation was carried out on bone biopsies of four patients
with severe renal osteodystrophy of mixed type (secondary hyper-
parathyroidism due to chronic renal failure). The diagnosis was
established on the basis of the clinical and humoral data, and was
confirmed by bone histology.

Needle biopsies from the iliac crest were fixed in 4% formalde-
hyde (freshly made from paraformaldehyde) in 0.1 M phosphate
buffer, pH 7.2, for 2 h at 4° C, and successively processed for GMA
embedding at low temperature without decalcification, as previous-
ly reported (Bianco et al. 1984). Alkaline phosphatase (AlP) and
tartrate-resistant acid phosphatase (TRAP) cytochemistry was car-
ried out on semithin (1-2 pum thick) sections, as described by Bian-
co etal. (1987, 1988b). In some cases, the TRAP reaction was
carried out on sections contiguous to those treated for demonstra-
tion of AIP activity. Other contiguous sections were stained with
haematoxylin and eosin or May-Grunwald Giemsa.

Results

Strong AIP activity was detected in all the cell types
in the bone/bone marrow organ shown by previous stu-
dies on normal tissues to express significant levels of
the enzyme. These include a peculiar cell type in the
marrow stroma (reticular cells, Westen and Bainton
1979; Beckstead et al. 1981; Tavassoli and Yoffey 1983)
and osteoblasts on appositional bone surfaces. Reticular
cells appeared in semi-thin sections as branched cells
with elongated thin cell processes, interspersed with hae-
mopoietic cells in marrow spaces (Fig. 1). Osteoblasts
appeared as plump cells with AlP reaction product out-

Fig. 1. Alkaline phosphatase (AlP) activity in bone marrow: en-
zyme reaction is present over thin cytoplasmic processes of reticular
cells. Arrows point to reticular cells cut tangentially. Non-counter-
stained, x 300

Fig. 2. Detail of AIP activity in osteoblasts: the enzyme activity
is associated with the cell membrane and with the cytoplasmic
processes (arrows) penetrating the bone matrix (left). Note positive
reaction on the membrane of an osteocyte (upper left corner). Non-
counterstained, x 750

Fig. 3. From left to right: calcified bone matrix, osteoblasts, endos-
teal “fibrosis”, and normal bone marrow. AlP activity is present
on the cell membrane of the osteoblasts and of the fibroblast-like
cells of the endosteal “fibrosis”; note the regular alignement of
these cells and their relationship with the thin, AIP-positive cell
processes of bone marrow reticular cells. Non-counterstained,
x 375

Fig. 4. Area of osteoclastic bone resorption: the AlP-positive fibro-
blast-like cells form an irregular meshwork. Arrows point to active
osteoclasts; calcified bone matrix on left. Non-counterstained,
x 600
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lining their plasma membrane and their cytoplasmic pro-
cesses, in agreement with the known association of the
enzyme with the cell surface (Figs. 2, 3). In addition,
a peculiar finding was the strong reactivity of flat elon-
gated cells comprising the so-called endosteal fibrosis
of hyperparathyroidism (Fig. 3). At sites of bone apposi-
tion, these cells were regularly aligned at the back side
of the osteoblastic row, between this and the marrow
space (Fig. 3). Of note was the fact that the flat and
aligned AlP-positive cells of the endosteal fibrosis
merged on the marrow side with the network of cell
processes of AlP-positive reticular cells (Fig. 3).

While routine histology demonstrates a homogeneous
appearance of the endosteal fibrosis over the trabecular
surfaces, regardless of whether bone formation or re-
sorption is actually taking place, the use of AIP cyto-
chemistry indicated distinct patterns of arrangement of
AlP-positive cells as resorptive vs formative sites. The
orderly alignment characteristic of formative sites is
completely lost at resorptive sites and the AlP-positive
cells appear as stellate-to-reticular elements, outlining
a meshwork of extracellular spaces (Fig. 4). In these
spaces, osteoclasts or mononuclear cells (presumptive
pre-osteoclasts) are held.

AlP cytochemistry also demonstrated that expression
of the enzyme is retained during the conversion of os-
teoblasts to osteocytes. Young osteocytes, embedded in
newly deposited osteoid tissue and incompletely calcified
bone matrix close to the appositional front, displayed
AIP activity like osteoblasts, whereas mature osteocytes
sitting in lacunae within fully mineralized matrix were
negative (Fig. 5).

TRAP activity was demonstrated at all sites of bone
resorption, whereas no staining was detected in marrow
macrophages. Cells endowed with strong TRAP activity
included typical multinuclear osteoclasts and a popula-
tion of distinctive, small mononuclear cells, not in direct
contact with bone surface, but located within a short
distance from typical osteoclasts (Fig. 6). Comparison
of contiguous sections stained for AIP activity showed
that most of the TRAP-positive mononuclear cells were
mixed with the AlP-positive, fibroblast-like cells of the
endosteal ““fibrosis’ (Figs. 7, 8). None of the mononu-
clear cells was identified beyond the limit of ““fibrosis”
towards the marrow.

Most of the osteocytes did not show TRAP activity.
However, most of those located within a short distance
from osteoclasts (Fig. 6), and most of those located in
woven bone (Figs. Sb, 8), showed variable degree of
TRAP positivity ranging from isolated intracytoplasmic
granules to diffuse staining. Comparison of contiguous
sections showed that most, but not all, of the AIP-posi-
tive osteocytes of woven bone were also TRAP-positive
(Fig. 5).

Discussion

The use of AIP cytochemistry on sections of low-temper-
ature-processed, GMA-embedded biopsies has revealed
that the endosteal ““fibrosis™ of hyperparathyroid bone
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disease, rather than being an accumulation of metaboli-
cally spent, reparative fibrous tissue, is a highly cellular
tissue made of elongated AlIP-positive stromal cells.
These cells are arranged in different ways in the ““fibro-
sis” facing formative or resorptive sites along bone tra-
beculae. At sites of bone apposition, these cells lie paral-
lel to one another and display a high degree of spatial
orientation. They merge with plump, active ostecoblasts
on the bone side, and with AIP-positive marrow reticular
cells (Westen and Bainton 1979) on the marrow side.
At sites of bone resorption AlP-positive cells of endos-
teal fibrosis lose their ordered spatial orientation, and
define a meshwork of cells and cell processes in which
osteoclasts and their putative precursors are held. Thus,
the present study reveals a set of major morphological
changes which the population of AlP-positive stromal
cells undergoes in the vicinities of bone surfaces in hyper-
parathyroid bone disease. Since these changes are quite
unique to this disease, it can be confidently assumed
that they are induced by parathormone (PTH).

While the major effect of PTH on bone is an increase
in bone resorption, the target cells for PTH are not os-
teoclasts, which do not bear PTH receptors (Mundy and
Roodman 1987). Osteoblasts do bear PTH receptors,
and respond to PTH with an increase in cAMP. Jones
and Boyde (1976) and Miller et al. (1976) showed that
in culture PTH induces changes in shape and orientation
in bone cells, and Jones and Boyde (1976) suggested
that this could occur by retraction of bone cells and
consequent exposure of bone surfaces to osteoclasts. Ro-
dan and Martin (1981) proposed that osteoblast mediate
osteoclastic bone resorption in response to stimulation
with PTH. Recent studies using !3*'I-labelled PTH frag-
ments have demonstrated that the cells which bind most
of PTH in vivo are not active (plump) osteoblasts direct-
ly apposed to bone surface, but a distinct cell lying next
to them towards the marrow (Rouleau et al. 1988, 1990).
While this cell was considered a distinctive cell type by
Rouleau et al. (1988, 1990), its morphology and AlP ac-
tivity suggest that it corresponds, in the developing mar-
row, to the AlP-positive stromal cell type described by
Westen and Bainton (1979).

Fig. 5. Adjacent histological sections reacted for AIP (a) and TRAP
(b) activity: some of the osteocytes (arrowheads) in newly formed
woven bone show both AIP and tartrate resistant acid phosphatase
(TRAP) activities; mature osteocytes (small arrows) in adjacent
lamellar bone (LB) show neither AIP nor TRAP activity. Note
AlP activity in cells of endosteal ““fibrosis” (a, above) and TRAP
activity in an osteoclast (b, arrow). Non-counterstained, x 300

Fig. 6. TRAP activity of osteoclast (arrow), osteocytes (arrow-
heads), and several mononucleated cells. Non-counterstained,
x 750

Fig. 7. Section adjacent to that shown in Fig. 8: strong AIP activity
in cells of endosteal “fibrosis” and on the membrane of several
osteocytes. Non-counterstained, x 300

Fig. 8. Section adjacent to that shown in Fig. 7: most of the osteo-
cytes show TRAP activity; several cells of the endosteal ““fibrosis”
are also positive. Non-counterstained, x 300
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Putting together these data and the observations re-
ported in this study, one can speculate that PTH primar-
ily acts on a population of AlP-positive osteogenic stro-
mal cells possibly corresponding to marrow reticular
cells. This is consistent with the well-established ex-
istence of cells with osteogenic potential in the bone mar-
row (Friedenstein 1976; Owen 1985). This PTH-respon-
sive stromal cell would thus be the primary player in
the pathology of hyperparathyroidism in bone.

TRAP cytochemistry was adopted in this study as
a convenient method for identifying osteoclasts. In fact,
because of the intense staining, TRAP-positive polynuc-
leated cells (i.c. osteoclasts) appear to be more numerous
than they appear to be in contiguous sections stained
with haematoxylin and eosin or other histological stains.
Consequently, the TRAP reaction is recommended in
all cases in which the true degree of active bone resorp-
tion must be evaluated.

Previous studies on developing bone indicated that
TRAP cytochemistry might also be used as a marker
of late osteoclast precursors (Baron et al. 1986; Van de
Wijngaert and Burger 1986). Although TRAP activity
was more recently proven to lack absolute specificity
for osteoclasts (Bianco et al. 1987, 1988a), the small
mononuclear cells endowed with strong TRAP activity
and located within short distances of resorptive sites are
akin to those seen in other instances of increased bone
remodelling (Thiele et al. 1989). Although peripheral
sectioning of multinuclear osteoclasts may in principle
generate images of “pseudomononuclear” cells, this did
not appear to be the case in our material, based on
the study of multiple, quasi-serial sections. Mononuclear
TRAP-positive cells in this study, like similar cells ob-
served in other studies (Baron et al. 1986; Van de Wijn-
gaert and Burger 1986; Thiele et al. 1989), most likely
represent ““late” mononuclear precursors of osteoclasts.
The presence of these cells seems to be an indication
that increased bone resorption involves increased rec-
ruitment of osteoclast precursors.

The present demonstration of AIP and TRAP activity
in osteocytes confirms previous results showing that
young osteocytes have AIP activity (Majno and Rouiller
1951), and that TRAP activity can be found in both
osteoblasts and osteocytes (Bianco et al. 1988a). More-
over, the observation of TRAP activity in osteocytes
located near resorption areas and in woven bone is in
agreement with the localization of (tartrate-sensitive)
acid phosphatase in cases of increased bone turnover
(Gothlin and Ericsson 1973), and with the finding that
the activity of the enzyme is inversely proportional to
the osteocyte distance from the osteoclasts (Wergedal
and Baylink 1969). It is interesting that the same osteo-
cyte can express both AIP and TRAP activity.

Whereas the presence of AlP activity in young osteo-
cytes can be explained as the retention of osteoblastic
features in cells that are completing the construction of
their lacunae, the presence of TRAP activity cannot easi-
ly be explained. Because this enzyme is present in osteo-
clasts, one might be tempted to speculate that its appear-
ance in osteocytes points to modulation of their function
towards osteolysis. Periosteocytic osteolysis has been de-
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scribed several times in human and experimental hyper-
parathyroidism (Belanger and Robichon 1964; Meunier
et al. 1971; Krempien et al. 1973; Bonucci and Gherardi
1977). However, the morphological findings supporting
this possibility do not seem to be conclusive (Bonucci
1990) and the concept of osteocytic osteolysis has been
challenged (Boyde et al. 1982; Marotti 1990). Because
the TRAP-positive osteocytes are located near active os-
teoclasts, it is possible that both types of cells express
TRAP activity when stimulated by the same factor(s).
Moreover, the presence of AIP- and TRAP-positive os-
teocytes in woven bone suggests that, in respect to the
elongated osteocytes of lamellar bone, they have not
only different morphology (Cane’ et al. 1982), but also
different functional properties.

The present investigation shows that enzyme cyto-
chemistry of bone cells gives precise, reproducible results
which can be used with advantage not only for diagnosis
of metabolic bone diseases, but also for investigation
of bone physiopathology.
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