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Abstract We recently reported that osteopontin (OPN)
and calprotectin (CPT) are present in the matrix of
urinary calcium stones, and that OPN mRNA is ex-
pressed in the renal distal tubular cells. In the present
study, we examined the immunohistochemical distribu-
tions of OPN and CPT in urinary stones. The stones
used in this study were passed spontaneously from the
upper urinary tract. One half of each of the stones was
analyzed with an infrared spectrophotometer, and were
shown to be comprised of calcium oxalate, calcium
phosphate, uric acid and cystine. The other half of each
stone was immersed in tetrasodium ethylenediamine-
tetraacetate (EDTA) solution. The half-stones were
embedded in paraffin and cut into 5-um sections. The
avidin-biotin-peroxidase complex technique was em-
ployed. A monoclonal antibody to human milk-derived
OPN and a monoclonal antibody to human granulo-
cyte-derived CPT were used as primary antibodies. The
immunochemical study using the OPN and CPT anti-
bodies showed positive staining of the matrix of the
urinary calcium stones. The stones showed staining in
two distinct zones: a core area was stained with ran-
domly aggregated OPN and CPT, and peripheral layers
were stained in concentric circles. On the basis of our
observations, it is reasonable to presume that OPN and
CPT play roles as the matrix in the structure of urinary
calcium stones.
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Introduction

Urinary stones consist of a crystalline or mineral phase
and a noncrystalline or organic phase. Urinary stone
contain 1%—-5% protein, and several reports have sug-
gested the importance of protein in urinary stone for-
mation. However, little is known about urinary stone
proteins. We have demonstrated in molecular biology
studies that the proteins osteopontin (OPN) and calp-
rotectin (CPT) are present in the matrix of urinary
stones [6, 7].

OPN is a 44-kDa secreted phosphoprotein that is
highly negatively charged and frequently associated with
mineralization processes. It is produced by many types
of epithelial cell and is found both in normal plasma and
in a variety of body secretions including urine, milk, and
bile [1]. Transformed cells, particularly ras-transformed
cells, express OPN at elevated levels. Via the interaction
of an Arg-Gly-Asp (RGD) sequence [11] in OPN with an
integrin (probably the o, B3 integrin), OPN is able to
promote cell adhesion and to activate a signal trans-
duction pathway. One consequence of OPN signaling is
an alteration in the intracellular calcium concentration
[Ca®*);; both a decrease [9] and an increase in osteoclasts
have been observed. In the mouse kidney, high-level
focal expression is observed in a subset of the nephrons,
mostly in the epithelial cells of the thick ascending limb
of the long loop of Henle, and in sclerosing glomeruli [8].

CPT is a major leukocyte protein, initially separated
from the cystosol of human granulocytes and also
present in macrophages and epithelial cells. It is also
known as L1 antigen or macrophage migration inhibi-
tory factor-related proteins 8 and 14; the subunits are
members of the S-100 protein family. Although the
physiological functions of CPT are unclear, this protein
shows calcium-binding properties and antimicrobial
activity against several bacteria, and its tissue level



is markedly increased in many infections and malignant
diseases.

Few studies have examined the distribution of matrix
proteins in urinary stones. In this study, we made serial
sections of calcium oxalate stones, calcium phosphate
stones, uric acid stones and cystine stones, and examined
the immunohistochemical distributions of OPN and
CPT in them.

Materials and methods

Preparation of tissue

The stones used for this study were passed spontaneously from the
upper urinary tract. These stones were fractured through their
center with a razor blade. Half of each of the stones was analyzed
with an infrared spectrophotometer, and they were proven to be
calcium oxalate, calcium phosphate, uric acid, and cystine stones.
The other half of each stone was fixed with 2% glutaraldehyde and
1% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS),
pH 7.4. These halves were immersed in 10% (weight/volume)
tetrasodium ethylenediaminetetraacetate (EDTA) solution adjusted
to pH 7.4 at 4°C for 2 weeks. The stones were then washed with PBS,
dehydrated in graded ethanol, cleared in xylene and embedded in
paraffin. Five-pum sections were cut on a microtome, and the sections
were mounted on glass slides precoated with 0.1% poly-L-lysine
(Sigma Chemicals, St Louis, Mo.) and dried overnight at 37°C.

Preparation of anti-OPN antibody

All experimental procedures were performed in accordance with
protocols approved by the Animal Care Committee of the Faculty
of Medicine, Nagoya City University. BALB/c mice were immu-
nized subcutaneously with 20 pg of human milk-derived
osteopontin [14] emulsified with an equal volume of complete
Freund’s adjuvant. The mice were boosted twice at 10-day intervals
with the antigen emulsified with incomplete adjuvant. The immu-
nization was finalized with an intravenous injection of 10 pg anti-
gen in PBS. Three days after the third booster, the mice were killed,
the spleen was removed and the splenocytes were hybridized with
murine myeloma cells (P3x63Ag8.653) and subcloned according to
standard procedures. Monoclonal antibodies were purified from
ascitic fluid by using Affi-Gel protein and a monoclonal antibody
purification system (Bio-Rad, Hercules, Calif.). The enzyme-linked
immunosorbent assay (ELISA) was performed using 96-well, U-
bottomed polyvinylchloride microtiter plates. Each well was filled
with 50 pl of 2.5 pg/ml osteopontin in 0.1 M bicarbonate buffer,
pH 9.0, and incubated at room temperature for 2 h. After three
washes with 0.1% Tween 20 (Sigma) in PBS (TBS), 200 pl of 3%
bovine serum albumin (BSA) in PBS was added to the plates, which
were then allowed to stand for 30 min. After the plates were wa-
shed with TBS, 100 pl of hybridoma supernatant or serial dilutions
of purified antibody were added, followed by incubation at 4°C for
60 min. After three washes with TBS, 100 pl of an appropriate
dilution of a horseradish peroxidase-conjugated anti-mouse Ig
xenoantibody was added to each well. The plates were then incu-
bated for 60 min at 4°C and washed three times with TBS and once
with PBS. Then 200 ul of freshly prepared substrate solution con-
taining 0.05% O-phenylenediamine and 0.0075% hydrogen perox-
ide in Mcllvaine’s buffer, pH 6.0, was added to each well. After
20 min of incubation in the dark at room temperature, absorbance
was read at 405 nm with a plate reader (Titertech Multiscan).

Preparation of anti-CPT antibody

CPT purified from human granulocytes and antihuman CPT rabbit
immunogloblin were generously supplied by Dr M.K. Fagerhol
(Ulleval Hospital, Oslo, Norway) [2].
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Immunohistochemical procedure

Before immunostaining, the paraffin sections were de-waxed and
rehydrated for three 5-min periods in PBS. The sections were in-
cubated with 0.01% actinase in distilled water and washed three
time in PBS for 3 min. The nonspecific binding of immunoglobu-
lins was prevented by incubating the sections with 1% skimmed
milk (Yukijirushi, Tokyo, Japan) and 0.5% NaNj in PBS for
30 min. The section were the incubated with the primary antibody
for 2 h at room temperature. Sections were incubated with PBS
containing 1% BSA as a negative control. The sections were then
washed three times in PBS for 5 min. To remove endogenous
peroxidase, the sections were incubated with 3% hydrogen perox-
ide in methanol and washed three times in TBS for 5 min and then
incubated for 30 min with biotinylated mouse antimouse IgG di-
luted in PBS. The sections were rinsed in TBS and incubated for
30 min with diluted ABC reagent, washed in PBS and finally in-
cubated in a freshly prepared solution of 0.02% diaminobenzidine
tetrahydrochloride (DAB, Sigma) in 0.1 M TRIS/HCI buffer, pH
7.2, containing 0.005% hydrogen peroxide until optical staining
was obtained. The slides were then washed in cold running water
for 10 min, dehydrated in graded ethanol, cleared in xylene and
sealed with Entellan (Merck, Darmstadt, Germany).

Results

The immunostaining with OPN antibody and CPT an-
tibody revealed staining of the calcium oxalate stones.
Two distinct zones were stained: the core area in the
center and the concentrically laminated peripheral layer.
The core areas showed stains for randomly aggregated
OPN and CPT. The peripheral layer stains were con-
centric circles.

Figure 1 shows the distribution of OPN on a calcium
oxalate stone. The peripheral layers were strongly
stained for OPN is concentric circles. CPT was more
strongly and clearly stained in the peripheral layers
(similar to concentric circles) than was OPN (Fig. 1b).

The distributions of OPN and CPT in a small calcium
oxalate stone, shown in Fig. 2, made concentric circles
in the peripheral layers. OPN was most positive on the
outer edge of the stone.

The OPN and CPT distributions in a calcium phos-
phate stone are shown in Fig. 3. The matrix of this stone
extended radially from a central area and this radial
extension takes the form of concentric circles. The OPN
and CPT were distributed in the matrix correspondingly.
OPN was more strongly stained than CPT. Figures 4
and 5 show a uric acid stone and cystine stone, respec-
tively. Both these types of stone were negative for anti-
OPN monoclonal antibody. The matrix of these stones
was structured in layers.

Discussion

The present findings show the distributions of OPN
and CPT on both calcium oxalate stones and calcium
phosphate stones. OPN is a recently discovered non-
collagenous bone matrix protein, and a 44-kDa phos-
phorylated glycoprotein containing the amino acid
sequence Arg-Gly-Asp [11], which elicits the binding of
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Fig. 1a The distribution of
osteopontin (OPN) in a calcium
oxalate stone. Peripheral layers
are strongly stained in concentric
circles. b The distribution of
calprotectin (CPT) in a calcium
oxalate stone. CPT is more
strongly and clearly stained that
OPN in the peripheral layers, in
concentric circles. (x100)

Fig. 2 The distributions of

a OPN and b CPT in a small
calcium oxalate stone. OPN and
CPT were stained in concentric
circles in the peripheral layers.
OPN was the most positive on
the outer edge of the stone.

¢ Negative control. (x200)

integrin. OPN has a high affinity for hydroxyapatite [11]
and seems to play a role in modulating the mineraliza-
tion of calcifying tissues [10, 11]. The function of OPN is
not fully elucidated, although it is postulated to have
roles in mineralization and/or bone resorption. OPN
enhances fibroblast attachment in vitro [16—-18] and is
thought to anchor osteoclasts to bone [15] via its Arg-
Gly-Asp tripeptide, which is postulated to bind to a
member of the integrin receptor family [11]. It is not
known whether OPN binds to the extracellular matrix
components that are also present in the bone matrix. It
is known, however, that OPN binds extremely tightly to
hydroxyapatite [11]. Which region or regions in the OPN
molecule are involved in this binding is not known. The

bone-specific protein osteocalcin interacts with hydrox-
yapatite most likely via y-carboxyglutamic acid residues
[12]. A potential region for mineral binding in OPN is
the region consisting of nine consecutive aspartic acid
residues. Perhaps this region can assume a conformation
with carboxyl-group arrangements similar to the y-car-
boxyglutamic acid residues in osteocalcin, and bind to
hydroxyapatite via a similar mechanism. Another pos-
sibility is that the numerous sialic acid-containing
oligosaccharides confer on OPN an affinity for hydrox-
yapatite [14].

Interestingly, OPN and mRNA is observed mainly in
bone and kidney [5, 20]. A possible relationship between
OPN and calcium metabolism is indicated by the tissue



Fig. 3 The distribution of a
OPN and b CPT in a calcium
phosphate stone. The matrix of
this tone extended radially from
a central area, and the radial
extension took the form of
concentric circles. The OPN
and CPT were distributed in the
matrix correspondingly. OPN
was more strongly stained than
CPT. ¢ Negative control. (x200)

Fig. 4 Uric acid stone. This
type of stone was negative for
anti-OPN monoclonal anti-
body. The matrix was struc-
tured in layers. (x200)

Fig. 5 Cystine stone. This type
of stone was negative for anti-
OPN monoclonal antibody.
The matrix was structured in
layers. (x200)

distribution of the protein and by the regulation of OPN
gene expression by 1,25-dihydroxyvitamin Dj [13, 20,
22], and by its presense in milk [9]. 1,25-dihydroxyvita-
min Dj is strongly related to calcium metabolism and is
activated in the kidneys. Calcium-containing stones such
as calcium oxalate and calcium phosphate stones ac-
count for 80% of renal stones [21]. Urinary stone matrix
contains an abundance of acidic amino acids (glutamic
acid and aspartic and acid), which are the main amino
acids in OPN [12, 19, 21].

CPT is a major leukocyte protein, initially separated
from the cystosol of human granulocytes, and also
present in macrophages and epithelial cells. Although
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the physiological functions of CPT are unclear, this
protein shows calcium-binding properties and antimi-
crobial activity against several bacteria, and its tissue
level is markedly increased in many infections and
malignant diseases.

The presence of OPN and CPT was demonstrated in
the matrix of urinary stones [6, 7], but the distributions
of OPN and CPT in urinary stones was not known. In
this study, immunostaining with OPN antibody and
CPT antibody revealed the staining of calcium oxalate
stones in two distinct zones: a core area in the center and
the concentrically laminated peripheral layers. The core
area was stained with randomly aggregated OPN and
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CPT. The peripheral layers were stained in concentric
circles. CPT is more strongly and clearly stained than
OPN in the peripheral layers. It is speculated that the
expression of CPT is increased after stone formation
because CPT presents in leukocytes as well as renal
epithelial cells.

The distributions of OPN and CPT in calcium
phosphate stones were also identified. The matrix of
these stones extends radially from a central area, and the
radial extension takes the form of concentric circles.
OPN and CPT are distributed in the matrix corre-
spondingly. OPN was more strongly stained than CPT.
It is important to study whether OPN and CPT are
specific or nonspecific in stone formation. We speculate
that both proteins play a specific role in stone formation,
because they bind tightly with calcium. The uric acid
stones and cystine stones were negative for anti-OPN
monoclonal antibody. The matrix of these stones is
structured in layers. Hashimoto et al. [4] recently re-
ported that an immunoglobulin heavy chain and a k
light chain were clearly detected in uric acid stones by
Western blotting.

Recently, using high-resolution colloidal gold im-
munocytochemistry Mckee et al. [23] have shown OPN
and osteocalcin to be major components in ghosts of
excreted renal calculi and intratubular and papillary
crystals. de Bruijn et al. [24] have studied in situ ultra-
structural OPN localization in papillary stones induced
in rats, and demonstrated that the presence of OPN was
confirmed inside crystal ghosts of larger stones in the
interstitium and at the outer surface of the papilla [24].

On the basis of these observations and the present
data, we conclude that it is reasonable to presume that
OPN and CPT each play a role as the matrix in urinary
calcium stone formation.
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