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Abstract We recently reported that human urine contains
a newly identified urinary glycoprotein acting as a potent
inhibitor against calcium oxalate crystallization. This
inhibitor is a uronic-acid-rich protein (UAP) with a
molecular weight of approximately 35 kDa. In the present
study, UAP was isolated from urine of stone formers and
of subjects without a stone history, and its inhibitory
activity was tested in a calcium oxalate crystallization
system in vitro. Our results show a weaker inhibitory
activity of UAP extracted from the urine of stone formers
than that extracted from the urine of healthy subjects.
Preliminary analyses of amino acid and carbohydrate
content showed some differences between the two groups.
The main difference was the reduction in sialic acid in
UAP isolated from the urine of stone formers. We suggest
that UAP contributes significantly to total urinary inhibi-
tory activity of calcium oxalate crystallization and that the
decrease in this activity in the urine of recurrent stone
formers is due, in part, to the weak inhibitory activity of
UAP. A structural abnormality of UAP could explain the
diminution of its inhibitory activity in the urine of stone
formers.

Keywords Calcium oxalate crystallization - Nephrolithia-
sis *+ Uronic-acid-rich protein - Glycosaminoglycans -
Chromatography

Numerous studies have shown that normal urine contains
macromolecular substances capable of preventing and
reducing calcium oxalate crystal formation [8, 22, 23]. The
urine of recurrent stone formers appears to exert less
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inhibitory activity in this crystallization process, due to
the reduced activity of several macromolecular inhibitors
[3, 10, 15]. The nature of all these compounds has not
yet been well established. Bowyer et al. [5] isolated two
isomers of chondroitin sulfate from normal urine and
claimed that these glycosaminoglycans (GAGs) are the
major inhibitors of calcium oxalate crystal growth and
aggregation. Nakagawa et al. [19] have isolated a glyco-
protein named nephrocalcin which, according to the
authors, accounts for 90% of the macromolecular inhib-
itory activity. Tamm-Horsfall protein (THP) was also
proposed as a macromolecular inhibitor of crystal aggre-
gation [12]. A structural abnormality of GAGs [10, 14],
nephrocalcin [20], and THP [13] has been implicated in
lithogenesis. Finally, Sorensen et al. [25] reported that
the main inhibitory activity in normal urine is supported
by a protein with a molecular weight of about 40000 Da
which seems to be analogous to the inter-a-trypsin in-
hibitor. Finally, uropontin has been isolated from hu-
man urine by monoclonal antibody immunoaffinity
chromatography and seems to play a role in calcium
oxalate crystal growth [24]. Recently, we have isolated
from the urine of healthy subjects a uronic-acid-rich
protein (UAP) with a molecular weight of about
35000 Da and reported evidence that UAP, GAGs and a
nephrocalcin-like glycoprotein all are effective inhibitors
of calcium oxalate crystallization in vitro [1]. We have
also determined the preliminary structure of UAP ex-
tracted from the urine of healthy man [2].

The aim of the present study was to compare the
inhibitory activity of UAP isolated from the urine of
recurrent stone formers with that of UAP isolated from
the urine of healthy control subjects.

Subjects and methods

We collected 24-h urine samples from five healthy male subjects
(aged 25-43 years) and from five recurrent calcium oxalate male
stone formers (aged 27-52 years) in polyethylene bottles containing
sodium azide as preservative (300 mg). None of the subjects were
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Fig.1 Anion exchange chro-
matography on DEAE-Sephac-
el of a 24-h urine sample from
a helathy man. Elution was car-
ried out using an NaCl gradient
from 0.1 to 0.5in 0.05 M TRIS-
HCIl, pH 7.3. Protein concen-
tration was measured by Low-
ry’s method. Uronic acid was
determined by carbazole reac-
tion, and salt concentration by
flame spectrophotometry. Inhi-
bition was assayed in a calcium
oxalate crystallization system.
Fraction B was used for sub- 100 7 Lo
sequent prurification o
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taking medications. Diethylaminoethanol (DEAE)-Sephacel gel,
Sephacryl S-300 gel and Mono Q column were purchased from
Pharmacia (Sweden) and recycled according to the manufacturer’s
procedure. Columns and electrophoresis equipment were obtained
from LKB (Sweden). A Beckman 6300 amino acid analyzer and a
Varian gas chromatograph were used. All other reagents were
purchased from Sigma (Germany).

UAP was isolated from each urine sample according to a method
previously reported in detail [1], including three chromatography
steps. Briefly, each urine sample was dialyzed against 101 deionized
water, adjusted to pH7.3, NaCl 0.1M and mixed in a DEAE-
Sephacel bath for 30 min. The gel was eluted by a buffer solution of
TRIS-HCI 0.05M, NaCl0.5M, pH 7.3. This sample was dialyzed,
adjusted to pH 7.3, NaCl 0.1 M and applied to the DEAE-Sephacel
column. The B fraction eluted between 0.15 and 0.3 M was dialyzed
and incubated with ethylenediamine tetraacetic acid (EDTA) at a
final concentration of 0.05 M, pH 8, for 4 days with stirring at 4°C.
The fraction was dialyzed again, lyophilized and Sephacryl S-300 gel
chromatography performed. The fractions containing UAP were
finally purified using fast protein liquid chromatography (FPLC)
(Mono Q) column. Fractions obtained from the DEAE-Sephacel
column likely to contain GAGs were used for cellulose acetate
electrophoresis with the procedure described by Renzo et al. [21].
Thus, GAGs were precipitated in the first place by cetylpyridinium
methylammonium bromide (CTMB) according to Diferrante’s
method [9]. Protein and uronic acid concentrations were determined
according to Lowry’s method [16] and the carbazole procedure [4]
respectively.

Proteins were assayed in a calcium oxalate crystallization system
recently developed in our laboratory [1]. It is a simple reproducible
model, needing only a small amount of proteins. Moreover, we tested
several inhibitors with results comparable to those in the literature
[1]. A range of 2.5 to 20 pg protein samples were dissolved with 50 pl
0.15M NaCl in a tube containing 1ml 2mM calcium chloride
solution (0.05M TRIS-HCI, 0.15M NaCl, pH7.3 with a trace of
#Ca). The assay was initiated by adding 1ml 2mM ammonium
oxalate solution (0.05 M TRIS-HCI, 0.15M NaCl, pH 7.3). After 1 h
of stirring at room temperature, tubes were centrifuged at 2500g for
5min and 500pl aliquots of the supernatant assayed for “Ca
radioactivity in a liquid scintillation counter.

Gel electrophoresis was performed to follow the purity of
proteins using from 8 % to 20 % linear polyacrylamide in the presence
of sodium dodecyl sulfate (SDS) and B-mercaptoethanol. The
protein bands were stained with coomasis blue R or using the silver
staining procedure [18].

Carbohydrate content was analyzed by gas chromatography after
hydrolysis of samples in 0.5N HCl-methanol at 80°C for 24h,
acetylation, and trimethylsilylation as described by Chambers and
Clamp [7].

Amino acid analysis was performed after hydrolysis of samples
in 6 M HCI in sealed vacuum vials at 110°C for 24, 48 and 72h.

T
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The number of y-carboxyglutamic acid (Gla) residues was deter-
mined after alkaline hydrolysis at 110°C for 22h [11]. Statistical
analysis was performed using the ANOVA test and values are means
+SD.

Results

A typical chromatographic pattern obtained from one
healthy subject is shown in Fig. 1. In the first half of
fractions (vials 1-65), the inhibitory activity increased in
an exponential manner and was still marked in the last
fractions. The last half of fractions (vials 65-130) con-
tained proteins as well as chondroitin sulfate and derma-
tan sulfate as determined by cellulose acetate electro-
phoresis. These results are in agreement with another
study which demonstrated that the last fraction contained
GAGs and showed maximum inhibitory activity toward
calcium oxalate crystallization [17]. Moreover, in our
crystallization system we have only considered the amount
of proteins (5 pg/ml). Therefore, GAGs would be found in
large amounts in the test. Thus, we are interested in the B
fraction, which is rich in glycoproteins only. The urine of
stone former patients treated in the same way exhibited a
clearly different chromatographic pattern, as illustrated in
Fig. 2. Although the protein and uronic acid profiles were
analogous to those observed with normal urine, the
inhibition pattern showed a markedly depressed activity
compared with that obtained from control urine, with the
inhibitory activity being tested at the same protein concen-
trations in both cases. Even though the last fractions also
contained GAGs, their inhibitory activity was lower in
recurrent stone formers than in healthy controls. Frac-
tions B and B’ which contain UAP and other macromole-
cules were applied to Sephacryl S-300 gel, followed by
FPLC on a Mono Q column. The purity of UAP was
confirmed by polyacrylamide gel electrophoresis using
silver staining. The average inhibition exerted by UAP
isolated and purified from the five healthy subjects was
compared with the pure UAP extracted from the five
calcium oxalate stone formers. As shown in Fig. 3, UAP
isolated from stone formers exerted significantly less
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80 - and therefore takes its place among the other macromolec-
ular inhibitors previously described {5, 19, 24, 25].
Our results show that UAP purified from the urine of
60 stone formers exhibits less inhibitory activity than that
c isolated from normal urine. This behavior could be due to
2 a structural abnormality of UAP, as observed in a
2 40 preliminary structural analysis of UAP isolated from the
cl urine of healthy subjects and from recurrent stone
= 1 formers. Indeed, values of glutamic acid, half-cysteine and
20 4 sialic acid residues are different in UAP extracted from the
urine of stone formers. As already known, glutamic acid
1 and sialic acid are highly charged. Thus, they could be
0 : : adsorbed efficiency on the crystal surface blocking their
1 '25 2'5 5 10 growth sites. Half—cysteiqe aminq acic} migl?t contribute to
UAP (ug/m) the molecular conformation by disulfide bridges. Current-

Fig.3 Inhibitory activity of UAP isolated from healthy subjects
(l—HM) and from stone formers (O—O) in a calcium oxalate
crystallization system. A significant difference was noted at each
concentration between both groups (P <0.02 for 1.25pug/ml and
P <0.001 for 2.5, 5, and 10 ug/ml

inhibitory activity than that obtained from healthy sub-
jects at each concentration used (P <0.02 or less).

Amino acid and carbohydrate of UAP extracted from
the urine of healthy humans has been reported in a recent
study [2]. The same analyses performed on UAP extracted
from the urine of stone formers showed some changes.
Glutamic acid residue values are decreased and half-
cysteine values were increased. Differences were not
significant. However, the sialic acid content was dramati-
cally diminished in UAP purified from the urine of stone
formers. No y-carboxyglutamic acid residues were detect-
ed in either case.

Discussion

The UAP recently purified by our group has been shown
to strongly inhibit calcium oxalate crystallization in vitro

ly, the partial structure of UAP purified from the urine of a
large number of patients and healthy subjects is being
elucidated. Similarly, structural abnormalities of other
urinary macromolecular substances have been reported in
the literature. Foye et al. [10] demonstrated that GAGs
extracted from stone formers were more sulfated than
those extracted from healthy subjects. Moreover, Itatani
et al.[14] have also reported that sulfated GAGs could
bind calcium oxalate crystals and form crystal aggregates.
Nakagawa et al. [20] reported that nephrocalcin isolated
from the urine of stone formers was deficient in y-car-
boxyglutamic acid residue and exerted less inhibitory
activity than nephrocalcin isolated from the urine of
control subjects. In another recent study, Hess et al. [13]
suggested that THP extracted from calcium oxalate stone
formers might present a molecular abnormality. Thus,
evidence is accumulating that several urinary macromo-
lecular substances may be qualitatively abnormal in stone
formers and thereby lose their normal inhibitory activity
in opposing calcium oxalate crystallization.

Our results also show that the last fractions eluted from
the DEAE-Sephacel column, and containing a mixture of
chondroitin sulfate, dermatan sulfate and other glycopro-
teins, exhibit less inhibitory activity in stone formers than
in healthy subjects. Accordingly, it has become clear in
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recent years that the decrease in inhibitory activity fre-
quently observed in the urine of recurrent stone formers
cannot be supported by a single inhibitor alone but that a
number of inhibitory macromolecular substances must be
involved such as GAGs, nephrocalcin, THP, inter-o-
trypsin inhibitor, uropontin, and UAP.

The reason why the inhibitory activity of several
macromolecular substances may be simultaneously al-
tered is not clear. As suggested by Hess et al. [13], genetic
factors probably play a role and must be elucidated. Some
reports have already emphasized the possibility of modify-
ing the urinary excretion of GAGs by dietary manipu-
lation [6]. Specific physiologic conditions are also able to
change the amount of glycoproteins excreted, as has been
reported for nephrocalcin [26].

In conclusion, the decrease in inhibitory activity in the
urine of stone formers must be attributed to the altered
structure of one or several inhibitory macromolecular
substances, and UAP has now been shown to be one of
them. The factors responsible for impaired inhibitory
activity of such macromolecules require continued re-
search effort.
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