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Abstract We recently reported that fibronectin (FN:
230 kDa) was oversecreted from the renal tubular cells as
a result of the stimulation of COM crystals, and inhibited
the adhesion of COM crystals to renal tubular cells. In the
study presented here, we investigated whether FN can
prevent injury to renal tubular cells caused by oxalate and
COM crystals and tried to identify the relation with
inhibition of crystal adhesion. The protective effect of FIN
against renal tubular cell injury by exposure to oxalate
and COM crystals was examined by measuring the lactate
dehydrogenase (LDH) activity and using a non-radioactive
proliferation assay. Moreover, crystal-cell interaction was
morphologically assessed by means of scanning electron
microscopy (SEM). LDH was reduced significantly by the
addition of FN in a dose-dependent manner. Cell viability
increased significantly with the addition of FN, also in a
dose-dependent manner. Moreover, the morphological
SEM study showed that few crystals were attached to the
surface of cells when FN was added compared to the
number of adhering crystals when FIN was not added. FN
was found to have an inhibitory effect on renal tubular cell
injury caused by exposure to oxalate and COM crystals.
We speculate that the inhibitory effect of FN on the
adhesion of COM crystalsis related to the inhibitory effect
of exposure to COM crystals on renal tubular cell injury.
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Introduction

The prevalence of urolithiasis in Japan was 100.8 per
100,000 people in 1995 [1], and this rate has been
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increasing over the last 30 years. More than 60% of these
patients suffer from urolithiasis caused by calcium oxalate
stones. However, the mechanism of stone formation is not
yet clearly understood. It is thought that adhesion of
COM crystals on the surface of renal tubular cells and the
subsequent cellular response may constitute critical
pathogenic steps in the development of renal stones. The
mechanisms involved in crystal adhesion and injury to
renal tubular cells have been studied in Madin-Darby
canine kidney (MDCK) cells [2-4]. It has been shown that
high oxalate levels and/or COM crystals can produce cell
injury and altered cell physiology, which can have an
impact on crystal adhesion [5-8]. Some researchers found
that urinary glycosaminoglycans (GAGs) prevent crystal
adhesion to renal tubular cells [9, 10]. GAGs can also
restore the anti-adherence properties of an injured uro-
thelium, thereby preventing crystal adhesion. Fibronectin
(FN: 230 kD) [11] is a multifunctional a2-glycoprotein
distributed throughout the extracellular matrix and body
fluids. Many investigators have demonstrated that FN,
because of its cell adhesive action, is related to biological
processes such as morphogenesis, wound healing and
metastasis [12—16]. We recently reported that FN, over-
secreted from the renal tubular cells as a result of the
stimulation of COM crystals, inhibited the adhesion of
COM crystals to renal tubular cells as well as aggregation
of the COM crystals in vitro [17]. In the study presented
here, we investigated whether FN can protect renal
tubular cells against the injury caused by oxalate and
COM crystals, and tried to identify the relation with
inhibition of crystal adhesion.

Materials and methods

Cell culture

MDCK cells were obtained from the American Type Culture
Collection (ATCC, Rockville, MD, USA) and grown at 37°C in
Dulbecco’s modified eagle medium containing 5% fetal calf serum
and 1% gentamicin in a 5% carbon dioxide and 95% air atmo-
sphere. We cultured 3 ml of cells in suspension (4x10°) was cultured
in a 35-mm culture dish.



Oxalate and COM crystal preparation

Oxalate as potassium oxalate was added using a stock solution of
10-mM potassium oxalate in normal sterile saline passed through
filters with a pore size of 0.2 mm. COM was prepared by adding
equal volumes of 1 mM CaCl2 and 10 mM K,C,04 together at
room temperature. After standing for 10 min., COM crystals were
treated with ultrasound for 15 min to obtain uniform crystal
conditions [18]. Crystal purity was determined by high-resolution
X-ray powder diffraction. Crystal morphology was examined by
light microscopy and was found to be primarily spherulitic, about
1 mm in diameter [19].

Effect of FN on injury to MDCK cell caused by exposure
to oxalate

To determine whether FN can protect renal tubular cell against
injury caused by oxalate, we conducted two experiments to assess
cell injury. In the first experiment, we measured the cytosolic
enzyme lactate dehydrogenase (LDH) activity released from
MDCK cells in the culture supernatant in order to determine and
quantify cell injury. After the MDCK cells had grown to conflu-
ency, the medium was aspirated and replaced with 0.05 M tris
hydrochloric acid buffer with five concentrations of FN, 0, 0.5, 1.0
and 5.0 pg/ml, for 1 h at 37°C. After removal of the culture
medium, the cells were rinsed with Hanks’ balanced salt solution
and exposed to 0.5 mM oxalate. After the medium had been
centrifuged at 1,500 rpm for 10 min, LDH activity of the super-
natant was measured with a commercially available kit (Boeringer
Mannheim, Castle Hill, Australia).

Cell viability was evaluated by MTT assay for the second
experiment. After MDCK cells (2x10°/well, 96-well plate) had
grown to confluency, the medium was aspirated and replaced with
0.05 M tris hydrochloric acid buffer with five concentrations of
fibronectin, 0, 0.5, 1.0 and 5.0 ug/ml, for 1 h at 37°C. After the
culture medium had been removed, the cells were rinsed with
Hanks’ balanced salt solution and exposed to 0, 0.25, 0.5, and
1.0 mM oxalate for 1 h at 37°C. MTT assay [20] was performed.

Effect of FN on injury to MDCK cell caused by exposure
to COM crystal

To determine whether FN can prevent injury to the renal tubular
cells caused by COM crystals, we conducted two experiments for
evaluation of the cell injury. For the first experiment, we measured
LDH activity for the identification and quantification of cell injury.
After the MDCK cells (5x10°/well, 6-well plate) had grown to
confluency, the medium was aspirated and replaced with 0.05 M
tris hydrochloric acid buffer with five concentrations of FN, 0, 0.5,
1.0 and 5.0 ug/ml, for 1 h at 37°C. After removal of the culture
medium, cells were rinsed with Hanks’ balanced salt solution and
exposed to 500 mg/ml of COM crystals. After the medium had
been centrifuged at 1,500 rpm for 10 min, LDH activity of the
supernatant was measured with a commercially available kit.

Cell viability was evaluated by MTT assay for the second
experiment. After MDCK cells (2x10°/well, 96-well plate) had
grown to confluency, the medium was aspirated and replaced with
0.05 M tris hydrochloric acid buffer with five concentrations of FN,
0, 0.5, 1.0 and 5.0 pug/ml, for 1 h at 37°C. After the culture medium
had been removed, the cells were rinsed with Hanks’ balanced salt
solution and exposed to 500 mg/ml COM crystals for 0.5 h, 3 h
and 24 h. MTT assay [20] was performed.

Morphological examination by scanning electron microscopy
(SEM)

After the MDCK cells (5x10°/well, 6-well plate) had grown to
confluency, the medium was aspirated and replaced with 0.05 M
tris hydrochloric acid buffer with two concentrations of FN, 0 and

369

5.0 pug/ml, for 1 h at 37°C. After removal of the culture medium,
the cells were rinsed with Hanks’ balanced salt solution and
exposed to 500 mg/ml of COM crystals. For SEM, the cells or
crystals were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate
buffer for 2 h on ice, while the samples were postfixed on OsOy in
0.1 M cacodylate buffer for 2 h on ice. The samples were then
dehydrated through a graded ethanol series at 10-min intervals and
finally critical point dried. After being mounted on stubs, the
samples were spray-coated with a conductive layer and examined
under a HITACHI S-8000 microscope.

Statistical analysis
Values are expressed as the mean plus or minus standard error.

Statistical analysis was performed with the Mann-Whitney U test.
Differences were considered significant at p <0.05.

Results

Inhibitory effect of FN on injury to MDCK cell
caused by exposure to oxalate

Zero concentration of FN was used as control. As the
concentration of FN increased, the quantity of LDH
tended to decrease. While there were no significant
differences at the FN concentration of 0.5 pug/ml, there
were significant differences at the FN concentrations of
1.0 ug/ml and 5.0 pg/ml. The release of LDH from cells
not treated with oxalate was below 5 IU/I (Fig. 1).

As for the MTT assay, as the oxalate concentration
increased, cell viability tended to decrease and cell injury
tended to increase. Furthermore, as seen in the LDH
study, with an increase in the FN concentration, cell
viability tended to increase and there were significant
differences at the FN concentration of 1.0 mg/ml. The
cell viability of cells not treated with oxalate was over
80% (Fig. 2).
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Fig. 1 Inhibitory effect of FN on injury to MDCK cell caused by
exposure to oxalate: the investigation by LDH. There were
significant differences at the FN concentrations of 1.0 mg/ml and
5.0 mg/ml. The release of LDH from cells not treated with oxalate
was below 5 1U/1
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Fig. 2 Inhibitory effect of FN on injury to MDCK cell caused by
exposure to oxalate: the investigation by MTT assay. The cell
viability tended to increase with an increase in FN concentration,
and there were significant differences at the FN concentration of
1.0 mg/ml. The viability of cells not treated with oxalate was over
80%
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Fig. 3 Inhibitory effect of FN on injury to MDCK cell caused by
exposure to COM crystals: the investigation by LDH. An increase
in the concentration of FN tended to be accompanied by a decrease
in the quantity of LDH. There were no significant differences at the
FN concentration of 0.5 mg/ml and 1.0 mg/ml, but there were at
the FN concentration of 5.0 mg/ml. The release of LDH from cells
not treated with oxalate was below 5 TU/1

Inhibitory effect of FN on injury to MDCK cell
caused by exposure to COM crystals

Figure 3 shows the inhibitory effect of FN on injury to
MDCK cells caused by exposure to COM crystals in the
LDH study. Similar to the case of oxalate, an increase in
the concentration of FN tended to be accompanied by a
decrease in the quantity of LDH. There were no signif-
icant differences at the FN concentration of 0.5 ug/ml
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Fig. 4 Inhibitory effect of FN on injury to MDCK cell caused by
exposure to COM crystals: the investigation by MTT assay. The
cell viability tended to increase in proportion to the concentration
of FN. There were no clear differences between the effects of
exposure times of 0.5 h and 3 h. However, cell viability decreased
to approximately 50% after the 24 h exposure
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Fig. 5 The effect of FN on injury to MDCK cell: the investigation
by MTT assay. The cell viability of cell not treated with COM
crystals tended to decrease as the exposure times increased. But
there were no significant differences between exposure times of
0.5h,3hand 24 h

and 1.0 ug/ml, but there were at the FN concentration
of 5.0 ug/ml. The release of LDH from cells not treated
with oxalate was below 5 TU/I.

The inhibitory effect of FN on injury to MDCK cells
caused by exposure to COM crystals in the MTT assay is
shown in Fig. 4. Cell injury was studied with the MTT
assay using the COM crystals by changing the duration
of exposure. As the FN concentration increased, cell
viability tended to increase. There were no clear differ-
ences between the effects of exposure times of 0.5 h and



3 h. However, cell viability decreased to approximately
50% after the 24-h exposure. The cell viability of cells
not treated with COM crystals tended to decrease as the
exposure times increased. But there were no significant
differences between exposure times of 0.5 h, 3 h and
24 h (Fig. 5).

Morphological examination by scanning electron
microscopy

In comparison with the control MDCK cells, the cells
exposed to COM crystals showed deformation, an
expanded nucleus and crystals tangled up with microvilli
and cilia (Fig. 6 A, B). Figure 7 shows scanning electron
microscopy (SEM) of cells exposed to COM crystals
with and without FN. Few crystals attached to the
surface of cells when FN was added compared with
adherence without this addition.

Discussion

In recent years, some researchers have emphasized that
the interaction between crystals and renal tubular cells,
including the adhesion or endocytosis of crystals to cells,
are important factors in urolithiasis formation [9, 21,
22]. Moreover, some reports have suggested the
involvement of renal tubular cell injury in the crystal—
cell interaction process [4,19]. We demonstrated in a
previous study that FN was oversecreted from the renal

Fig. 6A, B Morphological
examination by scanning
electron microscopy of MDCK
cells exposed to COM crystals.
In comparison with the control
MDCK cells, the cells exposed
to COM crystals showed
deformation, an expanded
nucleus and crystals tangled up
with microvilli and cilia. A
COM crystals (-); BCOM
crystals (+)

Fig. 7A, B Morphological
examination by scanning
electron microscopy of MDCK
cells exposed to COM crystals
with and without FN. Few
crystals attached to the surface
of cells when FN was added
compared with adherence
without this addition. A FN
(=); BFN (+)
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tubular cells as a result of stimulation by COM crystals,
and inhibited the adhesion of COM crystals to renal
tubular cells as well as aggregation of the COM crystals
in vitro [17]. We therefore hypothesized that FN would
have a protective function against renal tubular cell
injury caused by oxalate and COM crystals.

First, we observed the effect of FN on injury to renal
tubular epithelial cells by either oxalate or COM crys-
tals. Wiessner et al. reported that both individual cell
injury and generalized cell monolayer injury result in the
presentation of different cell surfaces and that both types
of injury result in an increased affinity for crystal
adhesion. They also stated that both mechanisms could
be important, either independently or collectively, for
the retention of microcrystals adhering to renal collect-
ing duct cells in urolithiasis [19]. As the physiological
concentration of FN in normal urine is well known [23],
we performed assays at 0.1, 0.5, 1.0 and 5.0 ug/ml. In
this experiment, changes in the release of LDH and of
cell viability determined by MTT assay [20] were mea-
sured to evaluate cell injury. LDH is a stable cytosolic
enzyme present in all cells and is released upon damage
of the plasma membrane. The increase in the amount of
enzyme activity correlates with the number of lysed cells
in the damaged plasma membrane. We found that LDH
induced by either oxalate or COM crystals increased in a
concentration-dependent manner. LDH decreased

significantly as a result of the addition of FN, and these
effects were clearly reduced by FN in a dose-dependent
manner. Moreover, the cell viability as determined by
MTT assay increased significantly following the addition
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of FN, also in a dose-dependent manner. Therefore, we
concluded that FN exerts an inhibitory activity on cell
injury caused by either oxalate or COM crystals.

Lieske et al. reported that all effective anions, such as
nephrocalcin and uropontin, inhibited the adhesion of
crystals to cells by coating the crystalline surface [24].
This suggests that molecules present in tubular fluid can
defend the kidney cell surface against adhesion of COM
crystals. We speculated that the inhibitory activity of FN
on the adhesion of COM crystals to renal tubular cells
was related to the inhibitory activity by FN against cell
injury.

Next, the cells injured by COM crystals and attached
crystals were morphologically examined for SEM. As
also reported previously by Hackett et al. [25], we found
that the crystals were tangled up with microvilli and
cilia, that the nucleus had expanded, and that adjacent
cells had been structurally altered. Our results also
showed that in comparison with the control MDCK
cells, the cells exposed to COM crystals showed defor-
mation, expansion of the nucleus and crystals tangled up
with microvilli and cilia. In addition, the extent of injury
to cells after the addition of FN was minor as compared
with that of cells without the addition. Moreover, few
crystals were attached to the surface of cells when FN
was added compared to the number of adhering crystals
when FN was not added. This constituted morphologi-
cal confirmation that FN plays a protective role in cell
injury caused by COM crystals and inhibits the adhesion
of COM crystals to renal tubular cells.

Interactions between COM crystals and renal tubular
cells have been examined by a number of investigators.
Wiessner et al. reported that the mechanism of crystal
adhesion to renal tubular cells is based on crystal inter-
action with basolateral or basement membrane compo-
nents. These components may become exposed as a result
of the loss of cell polarity seen in several disease states in
association with tissue injury, ischemia in kidney tubules,
microvillus inclusion disease, and polycystic kidney dis-
ease [19]. We consider that the COM crystal adhesion can
easily result from the injury to renal tubular epithelial cells
caused by COM crystals. In our experiment, the addition
of FN had an inhibitory effect on renal tubular cell injury
caused by exposure to COM crystals. Moreover, in a
previous study we demonstrated that FN was over-
secreted from the renal tubular cells as a result of stimu-
lation by COM crystals. On the basis of these results, we
hypothesize that the cell injury caused by COM crystals
will be protected by the function of wound healing which
FN have, and FN inhibits crystal adhesion by coating the
surface of the renal tubular epithelial cells.

Conclusions

FN was shown to have an inhibitory effect on renal
tubular cell injury resulting from exposure to oxalate and
COM crystals. We speculate that the inhibitory effect of
FN on the adhesion of COM crystals is related to its

inhibitory effect on renal tubular cell injury caused by
exposure to COM crystals. We therefore believe that FIN
may act as an inhibitor of calcium oxalate urolithiasis.
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