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DETECTION OF OSTEOPONTIN AS MATRIX
PROTEIN IN CALCIUM-CONTAINING
URINARY STONES
Takanori YAMATE, Tohru UMEKAWA, Masanori IGUCHI
and Takashi KURITA
From the Department of Urology, Kinki University School of Medicine

Kenjiro KOHRI
From the Department of Urology, Medical School, Nagoya City University

Osteopontin (OPN) has been identified as a matrix protein of calcium oxalate urinary stones by
sequencing c-DNA for urinary stone protein. OPN, a phosphoprotein, is susceptible to thrombin
digestion and specifically stainable with Stains-All. We examined the matrix in 4 kinds of urinary
stones, calcium oxalate dihydrate, calcium phosphate, magnesium ammonium phosphate and uric
acid, for the presence of OPN by staining thrombin-digestion and undigested matrix with Stains-All.
Matrix was extracted with a 0.1 M ethylenediamine tetraacetic acid (EDT A) solution. Furthermore,
the amino acid sequence was determined for the NH2-terminal 20 amino acid residues. OPN was
identified in calcium oxalate dihydrate and calcium phosphate stones, but was absent in magnesium
ammonium phosphate and uric acid stones. Our findings suggest that OPN, which binds tightly to
hydroxyapatite and is related to bone formation as bone matrix, also participates in the formation of
calcium-containing usinary stones.
(Acta Urol. Jpn. 43: 623-627, 1997)
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INTRODUCTION
Although many reports have suggested the
importance of the matrix in urinary stone formation,
its role has remained unidentified. Boyce et al. l ) and
King et al. 2) reported that the matrix was composed
of 64% protein, 5% proteoglycans and 10% bound
wa ter. U meka wa et al. reported the presence of
calprotectin 3) and alpha l-antitripsin 4 ) in the matrix
of calcium oxalate urinary stones. According to the
amino acid analysis conducted by Spector et al. 5 )
acidic amino acids such as aspartic acid and glutamic
acid are the major constituent amino acids of the
matrix. Lian et al. 6 ) reported the presence of gamma
carboxyglutamic acid, and Melick et al. 7) identified
sialic acid. Two dimensional polyacrylamide gel
electrophoresis by Jones et al. 8) revealed that most of
the proteins in the matrix of the urinary stones are low
molecular weight proteins.
Our recent study revealed that the c-DNA sequence
of osteopontin (OPN) encodes the urinary calcium
oxalate stone protein, suggesting that OPN is
involved in stone formation as the stone matrix 9 )
The expression of OPN mRNA and protein was
observed in stone forming kidneyslO) OPN was
isolated from the mineralized matrix of bovine bone.
This protein, a secreted phosphoprotein-I, binds
tightly to hydroxyapatite l1 ) Since previous studies
on the stone matrix protein primarily used Coomassie
brilliant blue stain, highly phosphorylated OPN

protein may not have been identified. In this study,
we demonstrated the presence of OPN in the stone
proteins by using Stains-All staining, a new molecular
biological technique that can stain highly phosphorylated protein. The purpose of this study is to
examine the existence of OPN in urinary stone
components as a matrix.

MATERIALS AND METHODS
Extraction procedures of osteopontin protein

The urinary stones obtained after extracorporeal
shock wave lithotripsy (ESWL) were analyzed by
infrared spectroscopy. Four stones with over 96% of
any of the 4 kinds of stone components of calcium
oxalate dihydrate, calcium phosphate, magnesium
ammonium phosphate, and uric acid were used as
specimens. Stones were destroyed by extracorporeal
shock wave lithotripsy, allowed to spontaneously
discharge, washed with water, dried, and stored.
One hundred fifty mg of each powdered stone was put
into a 1.5 ml Safe-Lock (Eppendorf) microfuge tube
and extracted with 1 ml of 0.5 M ethylenediamine
tetraacetic acid (EDT A), prepared in 50 mM Tris/
hydrochloric acid (HCl) buffer, pH 7.4, containing 1
mM phenylmethyl sulfonyl fluoride (PMSF). The
extraction was performed for 24 hours at 4°C with
gentle shaking. The specimen was washed three
times In phosphate buffered solution (PBS)
containing PMSF for 30 minutes each, between
extractions. The suspension was centrifuged at 8,000
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rpm on an Eppendorf microfuge tube for 10 minutes,
and the supernatant was dialyzed against three
changes of 10 mM ammonium bicarbonate containing 0.05% Bolyxyethleme Lauryl ether (BRIJ 35)
lyophilized and kept at -80°C.
Thrombin digestion
Digestion was performed at 3rC for 30 minutes in
1O,u1 of 10 mM Tris/HCI buffer pH 8.0 containing 10
mM calcium chloride (CaCI 2 ) and I unit of thrombin
(Sigma Chern. Co., St Louis). Digestion was terminated by the addition of 0.25 volume of a 4-fold
concentrated sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) sample buffer
containing 150,ug dithiothreitol (DTT) and heating
to 56°C for 25 minutes.
Poylacrylamide gel electrophoresis
Proteins were analyzed by SDS-PAGE electrophoresis using the discontinuous Tris/glycine
buffer system with 10% cross-linked linear gels as
described by Goldberg et a1. 12 ) and Nagata et a1. 13)
Specimens were dissolved in 1O,u1 of sample buffer
containing 1% SDS, 2M urea, and bromophenol blue
marker. For analysis of proteins under reducing
conditions, 150,ug DTT was induced. The specimens were heated to 56°C for 30 minutes and cooled
immediately before application to individual wells.
A 10% gel plate was put into an electrophoresis tank
filled with electrolyte buffer (15.1 g/I, Tris, 72 g/I
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glycine). Each lane was applied with thrombin
undigested sample, thrombin digested sample, and
prestained SDS-.PAGE standard markers. Electrophoresis was carried out for I hour at 150 V
Following separation, the gels were stained in the
dark for at least 48 hours with 0.025% Stains-All (3,
3' -diethyl-9-methyl-4, 5, 4', 5' -dibenzothiacarbocyanine bromide) (Nakalai Tesque Co., Kyoto), 25%
isopropyl alcohol, 7.5% formamide and 30 mM Tris
base, pH 8.8.
Amino acid sequence analysis
NH2-terminal analysis of 20 amino acids using
400--600 pmol samples of protein was carried out by a
gas phase protein sequencer 477A (Applied
Biosystems) .

RESULTS
Figures 1-3 and 4 show the electrophoretic patterns
for the matrix protein extracted from 4 kinds of stone
components and stained with Stains-All. The
calcium oxalate dihydrate stones showed 3 bands of
49.5,32.5, and 25 kDa (Fig. I, lane C). The 49.5 kDa
band disappeared after thrombin digestion, and the
32.5 band was intensified (Fig. I, lane T). The
calcium phosphate stones showed 3 bands of 45, 32.5,
and 25 kDa (Fig. 2, lane C). After thrombin
digestion, the 45 kDa band disappeared and the 32.5
kDa band was intensified (Fig. 2, lane T) . Magne-
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Electrophoretic patterns by
staining of matrix protein
from
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oxalate
(weddelite) The 3 bands of
and 25 kDa appeared in the
undigested lane (lani C) .
kDa band disappeared after
digestion, and the 32.5 kDa
in tensified (lane T).

C Thrombin undigestion
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thrombin
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Fig. 2.

Electrophoretic patterns by Stains-All
staining of matrix protein extracted
from calcium phosphate (brushite) The
3 bands of 45, 32.5 and 25 KDa
appeared in the thrombin undigested
lane (lane T) The 45 kDa band
disappeared after thrombin digestion,
and the 32.5 kDa band was intensified
(lane T).

YAMATE,

(kDa)

c

et al.: Osteopontin, Calcium containing stones

T

(kDa)

10680-

625

c

T

106-

8049.5-

49.5-

32.5-

32.5-

18.5-

18.5C Thrombin undigestion
(pure sample)
T Thrombin digestion

Fig. 3.

Electrophoretic patterns by Stains-All
staining of matrix protein extracted
from magnesium ammonium phosphate
(struvite) The 2 bands of35 and 25 kDa
appeared in the thrombin undigested
lane (lane C). They were unchanged
after thrombin digestion (lane T).

sium ammonium phosphate stones showed 2 bands of
35 and 25 kDa (Fig. 3, lane C). The bands were
unchanged after thrombin digestion (Fig. 3, lane T).
No bands appeared after Stains-All staining for the
uric acid stones (Fig. 4, lane C, lane T). The NH2terminal 20 amino acids in the band were the same as
those of 0 PN 9 )

DISCUSSION
Although many reports have suggested the
importance of the matrix in urinary stone formation,
little is known about the composition of the stone
matrix l - S) Our previous molecular study showed
that the c-DNA sequence of OPN encoded the
calcium oxalate urinary stone protein 9 ). The present
study using Stains-All showed that the calcium
containing urinary stones (calcium oxalate, and
calcium phosphate) contained OPN protein.
OPN is a major component of mineralizing
connective tissues such as bone and dentine l4)
Nagata et a1. 15 ) reported that OPN could be extracted
from bone and identified with Stains-All staining.
Stains-All is a cationic carbocyanine dye and is
suitable for staining sialoglycoproteins and phosphoproteins l6 ) OPN is a sialated phosphorylated
glycoprotein. Since OPN has a thrombin-susceptible site (Arg-Gly-Asp tripeptides) in the middle of
the molecule, thrombin digestion produces 23 kDa
and 33 kDa bands from a 52 kDa band l7 ) The 49.5
and 45 kDa bands (in lane C of Fig. I and 2) from

C Thrombin undigestion
(pure sample)
T Thrombin digestion
Fig. 4.

Electrophoretic patterns by Stains-All
staining of matrix protein extracted
from uric acid. No bands appeared in
the thrombin undigested lane (lane C)
and after thrombin digestion (lane T).

the calcium oxalate and calcium phosphate stones,
respectively were attributed to OPN. The 2 low
molecular bands of 32.5 and 25 kDa were obtained
from both the calcium oxalate and calcium phosphate
stones after thrombin digestion. Only 2 low
molecular bands of 35 and 25 kDa were observed in
the proteins extracted from the struvite stones (Fig.
3). The absence of OPN in struvite stones may be
because calcium ions are not involved in the
formation of struvite stones as with uric acid stones,
and therefore, OPN with affinity for calcium ions was
not necessary. Another possibility is degradation of
OPN in the formation process of struvite stones.
Further studies are necessary. On the other hand,
the lack of a definite band in Fig. 4 suggested that the
uric acid stones did not contain OPN. This study
revealed that OPN was extracted from only calciumcontaining stones among 4 kinds of stones. OPN
binds Ca 2 +, and has a negative charge, in addition to
having a high affinity for hydroxyapatite. It has a
potential to act as both a nucleator of hydroxyapatite
crystal formation as well as a regulator of crystal
growth and dissolution, these actiVities being
dependent upon the physical state of the protein l8 )
Shiraga et a1. 19 ) discovered In human unne
uropontin, which is a protein with homology at 40
sites of amino acids for rat, mouse and porcine OPN.
They reported that this uropontin inhibited the
crystal growth of calcium oxalate in vivo, although
they had expected it to promote the crystal growth in
vivo. We previously identified OPN by a molecular
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biological method. The separation and identification of OPN in the stone protein was difficult by
the conventional method. OPN IS a highly
phosphorylated protein and was not stained with
Coomassie brilliant blue. All conventional staining
methods of the stone protein used Coomassie brilliant
blue. In this study, OPN in the stone protein could
be stained with Stains-All, but further studies are
needed on the role, of OPN in stones and its
involvement in in vitro crystallization.
The finding obtained in the present study and the
strong binding properties of OPN to Ca 2 + suggest
that OPN is related to stone formation in the calciumcontaing stones.
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和文抄録
カ ル シ ウ ム 含 有 結 石 マ トリ ック ス 内 蛋 白 に お け る オ ス テ オ ポ ンチ ンの 同定
近畿大学 医学部 泌尿器科学教室(主 任:栗 田 孝教授)
山手

貴 詔,梅

川

徹,井

口

正 典,栗

田

孝

名古屋市立大学医学部泌尿器科学教室(主 任:郡 健二郎教授)
郡

尿 路 結 石 蛋 白 のc‑DNAsequenceに

て,蔭

酸Ca

健 二郎

EDTA溶

液 で 抽 出 し た.そ

の う えN末

結 石 内 の マ トリ ック ス 蛋 白 と して オ ス テ オ ポ ンチ ン

の ア ミ ノ 酸 分 析 を 施 行 した.蔭

(OPN)が

カ ル シ ウ ム の みOPNが

見 つ か っ た.OPNは

リ ン酸 化 蛋 白 で あ り,

トロ ン ビ ン に よ り分 割 を う け,Stains‑All染
的 に 染 色 さ れ る 特 徴 を 持 っ て い る.私
ウ ム,リ

ン酸 カ ル シ ウ ム,尿

ア ン モ ニ ウ ム の4種
Stains‑Ail染

酸,リ

色 に特 異

達 は蔭 酸 カ ル シ
ン酸 マ グ ネ シ ウ ム

類 の 結 石 内 マ ト リ ッ ク ス を,

色 に よ り トロ ン ビ ン分 割 の 有 無 でOPN

の 存 在 を 確 認 し た.マ

ト リ ッ ク ス 成 分 は0.IM

端 よ り20残 基

酸 カ ル シ ウ ム,リ

存 在 し尿 酸,リ

ン酸

ン酸 マ グ ネ

シ ウ ム ァ ン モ ニ ウ ム結 石 内 に は 認 め な か っ た.今

回の

結 果 は 骨 の マ ト リ ッ ク ス と して 骨 形 成 に 関 わ り,強

固

に ヒ ド ロ キ シ ア パ タ イ ト と 結 合 す るOPNが,カ

ル

シ ウ ム含 有結 石 形 成 過 程 に お い て も重要 で あ る こ と を
示 唆 した.
(泌 尿 紀 要43:623‑627,正997)

