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ABSTRACT

Purpose: Proteins constitute a major portion of the organic matrix of human calcium
oxalate (CaOx) renal stones and the matrix is considered to be important in stone for-
mation and growth. The present study evaluates the effect of these proteins on oxalate
injured renal epithelial cells accompanied by a 2D map of these proteins.

Materials and Methods: Proteins were isolated from the matrix of kidney stones contai-
ning CaOx as the major constituent using EGTA as a demineralizing agent. The effect
of more than 3kDa proteins from matrix of human renal (calcium oxalate) CaOx stones
was investigated on oxalate induced cell injury of MDCK renal tubular epithelial cells. A
2D map of >3kDa proteins was also generated followed by protein identification using
MALDI-TOF MS.

Results: The >3kDa proteins enhanced the injury caused by oxalate on MDCK cells. Also,
the 2D map of proteins having MW more than 3kDa suggested the abundance of proteins
in the matrix of renal stone.

Conclusion: Studies indicate that the mixture of >3kDa proteins in the matrix of human
renal stones acts as promoter of calcium oxalate crystal nucleation and growth as it aug-
ments the renal epithelial cell injury induced by oxalate. The effect of promoters masks
the inhibitors in the protein mixture thereby leading to enhanced renal cell injury. 2D
map throws light on the nature of proteins present in the kidney stones.
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INTRODUCTION

With its multifactor aetiology and high
rate of recurrences, urinary tract stone disease
provides a medical challenge. Depending on the
socio-economic conditions and subsequent chan-
ges in the dietary habits, the overall probability of
stone formers differs in various parts of the world:
1-5% Asia, 5-9% Europe, 13-15% USA and 20%
Saudi Arabia (1). Calcium containing stones are

the most common, consisting of about 75% of all
urinary calculi, which may be in the form of pure
calcium oxalate (50%) or calcium phosphate (5%)
and a mixture of both (45%). The controlling in-
fluence of macromolecules in the construction of
healthy biomineralised tissues is undisputed (2-4).
It is now well recognised that the organic com-
ponent of such tissues, which in animals include
bone, shell, dentin and enamel, is crucial to the
biomineralization process. Some macromolecules
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in these systems are responsible for initiating mi-
neralisation, defining its physical limits and dicta-
ting its cessation, but others provide an architec-
tural framework upon which the inorganic salts
are laid down. Less clearly defined, however, are
the roles played by macromolecules in the forma-
tion of human uroliths, a process possessing all
the hallmarks of uncontrolled mineralisation (5,6).

Many proteins occur in stone, but their
role in urolithiasis remains unknown. Calculi con-
tains some proteins normally present in urine, in
addition to others arising from injury inflicted by
the stones themselves, making it impossible to
discriminate between those that bind to the sto-
ne as it grows, but play no role in its develop-
ment (7); the inhibition is generally understood
to arise mainly from the non-dialyzable molecu-
les of urine, particularly acid glycoproteins, and
acidic glycoproteins and glycosaminoglycans
(8,9). Some inhibitor molecules have been iden-
tified, including Tamm-Horsefall Protein, uro-
pontin (10,11), calgranulin (12), bikunin (13), and
prothrombin F1 fragment (14). Thus, in order to
understand the mechanism of stone genesis, it is
essential to determine the characteristics of mo-
lecules constituting the urinary stone matrix. In
the present study, we analysed a 2D map (2- di-
mensional polyacrylamide gel electrophoresis) of
human renal stone matrix proteins by MALDI-TOF
(Matrix-assisted laser desorption/ionization-Time
of Flight) to throw light on the matrix proteins
and also study their effect on oxalate injured renal
epithelial cells.

MATERIALS AND METHODS

Human Renal stones collection

Stones surgically removed by Percuta-
neous nephrolithotomy (PNL) from the kidney
stone patients were obtained from the Department
of Urology, Postgraduate Institute of Medical Edu-
cation and Research (PGIMER), Chandigarh, India.
Stones were preserved at 4° C before study. Stones
were of non-infectious nature and were collected
from those patients who were more than 25 ye-
ars of age and were suffering from no other ab-
normality. After FTIR (Fourier transform infrared
spectroscopy) analysis, the stones with calcium

and oxalate as their major components were se-
lected for present study. Thirty stones with cal-
cium and oxalate, as the major components were
used for further studies. Thirty stone samples were
randomly pooled into 5 groups, each group con-
taining 6 stone samples.

Protein extraction from Human Renal stones

Proteins were isolated from the matrix of
kidney stones containing calcium oxalate (CaOx)
as the major constituent using EGTA as a demine-
ralising agent. Stones were washed in 0.15 M so-
dium chloride (NaCl) and were then dried and pul-
verized with a mortar and pestle. For extraction of
the organic matrix of powdered stone, each gram
of stone was suspended in 10 mL of 0.05 M EGTA
(ethylene glycol tetraacetic acid), 1 mM PMSF
(phenylmethanesulfonylfluoride or phenylmethyl-
sulfonyl fluoride) and 1% B-mercaptoethanol. The
extraction was carried out for 4 days at 4° C with
constant stirring. The suspension was centrifuged
for 30 minutes at 10,000 g and at 4° C. The super-
natant of EGTA extract was filtered through Ami-
con ultra centrifugal filter device (Catalog UFC
800324) with a molecular weight cut off 3kDa at
4o C and concentrated to a known volume. The
excess of the 3kDa fractions were stored at -20° C
for further studies (15).

Protein determination
Total protein concentration was determined
by Lowry’s method using BSA as a standard (16).

Assay to measure inhibitory activity of protein
w.r.t Calcium Oxalate (CaOx) crystal nucleation
The method used was similar to that des-
cribed by Hennequin et al. with some minor mo-
difications (17). Solutions of calcium chloride
(CaCl,) and sodium oxalate (NaZCZO ,) were prepa-
red at the final concentration of 3 mmoL/L and 0.5
mmoL/L, respectively, in a buffer containing Tris
0.05 moL/L and NaCl 0.15 moL/L at pH 6.5. Both
solutions were filtered through a 0.22 pum filter;
1.5 mL of CaCl, solution was mixed with different
concentrations of extracted proteins. Crystalli-
zation was started by adding 1.5 mL of Na,C 0O,
solution. The final solution was stirred at 37° C re-
peatedly after an interval of 60 sec for 8 min. The
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absorbance of the solution was monitored at 620
nm after every 60 sec. The percentage inhibition
produced by the protein extract was calculated as
[1-(Tsi/Tsc)] X 100, where Tsc was the turbidity
slope of the control and Tsi the turbidity slope in
the presence of the inhibitor.

Assay to measure activity of protein w.r.t. CaOx
crystal growth

Activity against CaOx crystal growth was
measured using the seeded, solution-depletion as-
say, according to the method described by Naka-
gawa et al. (18).

Cell Culture

Madin-Darby Canine kidney (MDCK) cells
were obtained from National Centre of Cell Scien-
ces (NCCS, Pune). The cells were maintained as
monolayers in Dulbecco’s Modified Eagle’s Me-
dium (DMEM) with 2.0 mM L-glutamine adjusted
to contain 3.7 g/L sodium bicarbonate, 4.5 g/L
glucose. Media was supplemented with 1% Peni-
cillin (100 units/mL)-Streptomycin (10,000 pg/mL)
and 109% fetal bovine serum. Cells were cultured
in 25 cm? tissue-culture treated flasks at 37° C and
5% CO, in humidified chambers (19).

Oxalate-induced Cell Injury

MDCK cells were incubated in DMEM con-
taining 1 mM sodium oxalate in the presence of
different concentrations of protein samples for 48
hours (20). Cell injury was assessed by measuring
the cell viability through MTT and LDH (Lactate
dehydrogenase) Assay.

Preparation of the protein samples

For cell culture studies, the proteins was
dialysed through Millipore Amicon Ultra Centri-
fugal Filters, 3kDa and desalted by ReadyPrep 2-D
Cleanup Kit (catalog 163-2130) and it was recons-
tituted in 0.22 pum filtered distilled water using
Millipore Millex GV Filter Unit 0.22 um (Catalog
SLGUO33RS).

MTT Assay

Cell viability studies via MTT test were
conducted by the method described by Fulya Ka-
ramustafa et al. with slight modifications (21).

MDCK cells were suspended in DMEM with serum
and plated into the microwells of 96-well tissue
culture plates. Plates were incubated for 24 h at
37° C in a humidified incubator containing 5%
CO,. Then the medium was removed from wells.
200 pL DMEM (without serum) containing diffe-
rent concentrations of proteins with and without
sodium oxalate were added into the wells. After 48
hours, the medium was removed. Each well was
treated with 100 pL medium and 13 pL MTT so-
lution, and incubated for a further 3 hours. Then,
plates were emptied and 100 pL isopropanol was
added to dissolve the formazan precipitate. The
developed colour was read at a wavelength of 570
nm with spectrophotometer.

LDH Leakage Assay

MDCK cells were suspended in DMEM with
serum and plated into the microwells of 96-well
tissue culture plates. Plates were incubated for 24
h at 37° C in a humidified incubator containing 5%
CO2. Then the medium was removed from wells.
200 pL DMEM (without serum) containing diffe-
rent concentrations of proteins with and without
sodium oxalate were added into the wells for 48
hours. LDH leakage assay was performed by the
LDH Cytotoxicity Assay Kit (Cayman 10008882)
according to the manufacturer’s instructions (22).

Statistical analysis

Data were expressed as mean values of
three independent experiments (each in triplica-
te) and analyzed by the analysis of variance (p <
0.05) to estimate the differences between values.

2-D Gel Electrophoresis

The samples were desalted using Ready-
Prep 2-D Cleanup Kit and dissolved in 125 pL of
sample rehydration buffer containing 8 M urea,
29% w/v CHAPS, 50 mM DTT, 0.2% w/v Am-
pholytes and 0.0002% bromophenol blue. IEF was
first carried out using Bio-Rad IPG strip (pH 3-9;
7 cm) in Bio-Rad protean IEF cell according to
manufacturer’s instructions, followed by equili-
bration for 15 minutes each in equilibration bu-
ffer I (6 M Urea, 2% SDS, 0.375 M Tris HCI (pH
8.8), 20% Glycerol, 130mM DTT) and equilibra-
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tion buffer II (6 M Urea, 2% SDS, 0.375 M Tris
HCl (pH 8.8), 20% Glycerol, 135mM Iodoaceta-
mide). Equilibrated IPG strips were loaded onto a
10% polyacrylamide gel sealed with overlay aga-
rose, and electrophoresed at a constant voltage
of 100 V. The gel was stained by silver staining
and analysed using Biorad PD Quest Advanced
2D Analysis Software. The spots of interest were
manually excised from the gel and were destai-
ned using destainer provided in the ProteoSilver™
Plus Silver Stain Kit (PROTSIL2, Sigma-Aldrich
Co.) followed by in-gel digestion using Trypsin
profile IGD kit (PP0O100, Sigma-Aldrich Co.). The
proteins were identified by matrix assisted laser
desorption/ionization-time of flight (MALDI-TOF)
MS followed by MASCOT database search.

Tryptic in-gel digestion of purified protein
Single band detected after molecular-sieve
chromatography was excised from the gel and was
destained with destainer provided in the Prote-
oSilver™ Plus Silver Stain Kit (PROTSIL2, Sigma-
-Aldrich Co.). Trypsin profile IGD kit (PPO100,
Sigma-Aldrich Co.) was used for in-gel digestion of
purified protein. Destained gel piece was dried for
approximately 15 to 30 min. Trypsin solubilised in
1 mmoL/L HCl and mixed with 40 mmoL/L ammo-
nium bicarbonate and 9% acetonitrile was added to
the destained gel piece. Gel piece was fully covered
by the addition of 40 mmoL/L ammonium bicarbo-
nate and 9% acetonitrile (pH 8.2) solution and was
incubated for 5 hours at 37° C. After the incubation,
liquid was removed from the gel piece and trans-
ferred to a new labeled Eppendorf tubes and was
preserved for mass spectroscopic analysis (23).

Peptide mass fingerprinting by MALDI-TOF-MS

Peptides were extracted into the extrac-
tion solution and dried by speedvac. Dried spots
samples were spotted onto the MALDI plate with
thorough mixing with matrix at 1:1 concentration
and analyzed by MALDI TOF/TOF ULTRALFLEX
III (Bruker Daltonics).

Mascot Protein Identification

The mass/charge spectra obtained were se-
arched in MASCOT search engine (http://www.ma-
trixscience.com) using all the 3 databases (MSDB,

SwissProt, NCBInr). For search, peptides were as-
sumed monoisotopic, oxidized at methionine re-
sidues and carbamidomethylated at cysteine resi-
dues. An Homo sapiens taxonomy restriction was
used, only one missed cleavage was allowed, and
peptide mass tolerance of 1.2 kDa was used for
peptide mass fingerprinting.

RESULTS

Activity study of proteins from human renal sto-
ne on CaOx assay system

Whole EGTA extract and >3kDa were as-
sayed to measure the activity against CaOx crystal
nucleation and growth. Different concentrations of
whole extract showed both promoter and inhibitory
activity against nucleation of CaOx crystal as well
as CaOx growth.

Bioactivity of >3kDa fraction on Oxalate Injured
MDCK cells

Activity of >3kDa fraction was analyzed to
measure the effect of these proteins on oxalate in-
jured MDCK cells. MTT (Figure-1) and LDH (Figu-
re-2) assays were used for analyzing the effect of
the proteins on oxalate injured MDCK renal epithe-
lial cells. The oxalate induced a significant injury to
the cells which could be ascertained by a decrease
in viability in MDCK cells. The protein extract alo-
ne (40 pg/mL) had no effect on the cell injury in
the absence of oxalate indicating that even at the
highest concentration of protein extract used the-
re was no cytotoxicity to the cells. >3kDa fraction
showed to both prevent and enhance the injury cau-
sed by oxalate on MDCK cells in a dose dependent
manner. Concentrations of 5 pg/mL, 10 pug/mL, 20
pg/mL and 40 pug/mL were used. Concentration of 5
ng/mL showed protective effect, thereby increasing
the cell viability to the oxalate injured cells. But as
the concentration increased from 5 pg/mL to 40 pg/
mL the cell viability decreased in a dose dependent
manner reflecting the enhanced injury caused by
the proteins present. The concentration dependent
percentage viability was observed in both the as-
says i.e. MTT and LDH. Both MTT and LDH assays
showed the same effects, thus confirming the acti-
vity of the proteins. A significant increase in LDH
release was seen when the cells were exposed to

131



IBJU I EXPLORING THE MATRIX PROTEINS IN HUMAN RENAL STONE MATRIX

Figure 1 - Effect of >3kDa fraction on MTT assay. Data are mean = SEM of three independent observations.
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Figure 2 - Effect of >3kDa on the % LDH release. Data are mean = SEM of three independent observations.
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IBJU | EXPLORING THE MATRIX PROTEINS IN HUMAN RENAL STONE MATRIX

oxalate alone (from 100% of control to 179.92%
of oxalate injured).

MTT assay also reflected the same pattern.
% viability of cells decreased in cells from 100%
to 51.23% injured with oxalate. By these tests it
can be suggested that the proteins that lead to cell
injury by oxalate mask the activity of the proteins
that inhibit the same.

2D-PAGE

2D PAGE of >3kDa proteins revealed the
abundance of proteins in the matrix of human
CaOx containing kidney stones (Figure-3). A total
of 66 spots were detected using Biorad PD Quest
Advanced 2D Analysis Software. 2D-PAGE revealed
that the proteins present in the stone matrix were
of both high and low molecular weight. The pro-
teins were distributed throughtout the gel indicating
the presence of both cationic and anionic proteins.
Out of the 66 spots, 7 most prominent spots spread
across the isoelectric points (pI) were further analy-
sed using MALDI-TOF MS and MASCOT server. The
identified proteins are given in Table-1.

DISCUSSION

The role played by the proteins present in
the human CaOx renal stones in the course of crys-

tallization is yet not clear. Some of these proteins
promote crystal formation, growth, aggregation and
retention, while others inhibit these processes. Their
activity is often complex and depends on the urine
conditions prevailing at the time of crystallization
or retention. The same protein can both promote as
well as inhibit a process. Under normal conditions,
the crystals of calcium oxalate that form are small
and well protected from crystal growth and crystal
aggregation by a cover of inhibitory macromolecu-
les. If inhibitors of crystal formation were not able
to act and control their size, the final result will be
nephrolithiasis (24,25). Proteins which cover crystal
surface and may lead to inhibition of its growth or
ability to aggregate while the same proteins bound
to a surface may act to accumulate salt ions and for-
ms a template for the first nucleus. The latter will
play a role when stone formation involves processes
at cell surfaces and in the sub-epithelial space (26).
The purpose of the present study was to explore the
2D map of human renal stone matrix proteins by
MALDI-TOF-MS to throw light on the matrix pro-
teins and also to study their effect on oxalate injured
renal epithelial cells.

Proteins have a strong affinity for CaOx
crystals (27). The role of matrix compounds is diffe-
rent in the formation of the stone center and in the
subsequent build-up of the stone (28). The same pro-
tein which inhibits crystal formation might promote

Figure 3 - 2D page of >3kDa proteins from human renal CaOx stones.
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the growth of the crystal. Thus, the same protein acts
differently at different stages of stone formation.

In the present study, when the >3kda frac-
tion was examined for its effect on oxalate injured
MDCK cells, it majorly reflected promoter activi-
ties thereby leading to an increased cell death in
a dose dependent manner. These results suggest
that the proteins which are promoters of crystalli-
zation in nature mask the activity of the proteins
which are inhibitory in nature, thereby leading to
an enhanced cell injury, and consequently cell de-
ath. Our observations are in conformity with the
observations that that renal epithelial damage can
lead to increased crystal attachment (29).

The 2D map suggests that abundant pro-
teins are present in the matrix proteins which are
of both high and low molecular weight. Also both
anionic and cationic proteins are present. Solution
depletion (30) and examination of crystals incu-
bated in protein solutions by transmission elec-
tron microscopy (31) tested the theory of physical
adsorption of urine proteins on surfaces of CaOx
crystals. Results showed proteins have a strong
affinity for CaOx crystals. Adsorption of anionic
proteins was sensitive to calcium ion concentra-
tion, whereas cationic protein adsorption depen-
ded upon the oxalate ion concentration with tem-
perature and pH playing only a minor role.

A pathological crystallization leading to
stone formation might be the net result of one or se-
veral abnormalities or defects in the control of this
process. Low concentrations or structural abnorma-
lities of crystallization modifying macromolecules
or small molecules will cause increased growth and
aggregation of crystals (32). Therefore, any crys-
tallization that occurs most certainly is facilitated
by promoters and it has been suggested that lipo-
protein membranes from the brush border of proxi-
mal tubular cells might serve this purpose (33).

CONCLUSIONS

Studies indicate that the mixture of >3kDa
proteins in the matrix of human renal stones aug-
ment the renal epithelial cell injury induced by
oxalate and thereby may act as promoters of cal-
cium oxalate crystal nucleation and growth. The
effect of promoters masks the inhibitors in the

protein mixture thereby leading to enhanced renal
cell injury. 2D map throws light on the nature of
proteins present in the kidney stone matrix, howe-
ver, their exact role in the mechanism of kidney
stone formation warrant further investigations.

ABBREVIATIONS

CaOx: calcium oxalate

MDCK: madin darby canine kidney

DMEM: dulbecco’s modified eagle’s media

MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide

LDH: lactate dehydrogenase

2D PAGE: 2 dimensional polyacrylamide gel elec-
trophoresis

MALDI-TOF: Matrix-assisted laser desorption/io-
nization- Time of Flight

FTIR: Fourier transform infrared spectroscopy
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