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MULTIFUNCTIONAL CHARACTER OF OSTEOPONTIN AND
STRATEGY FOR CLINICAL APPLICATIONS

Hidenori Tsuj1, Tohru UmEkAwA and Hirotsugu UEMURA
The Department of Urology, Kinki University School of Medicine

Osteopontin (OPN) is the major constituent of calcium-containing urinary stones and is involved in the
inhibition of nucleation and aggregation of calcium oxalate (CaOx) crystals, promotion of the adherence of
CaOx crystals to cultured renal epithelial cells, and regulation of inflammatory cells as chemokine. OPN
has different effects (inhibitor and promoter) at cach stage of stone formation in vitro and these
multifunctional actions of OPN have not been fully elucidated. We developed a modified crystal method
using collagen granules (CG) and immobilized OPN. OPN had strong inhibitory activity on the
aggregation/growth of CaOx crystals, but the inhibitory activity decreased by use of OPN-immobilized CG.
OPN is also a critical promoter of adherence for CaOx crystals to cultured renal epithelial cells in an in vitro
experimental system. We examined the effect of OPN n vivo, by OPN siRNA transfection in rats.
Hydrodynamic intravenous and renal subcapsular injections with lipofection were performed on days 1 and
8. The calcium concentration in the kidney was significantly lower and the frequency of CaOx crystal
deposits in the tubules was lower in the OPN siRNA transfection group (drinking 1.5% ethylene glycol (EG)),
than in the EG drinking group (sham operation) at day 15. We examined the effect of candesartan, an
angiotensin II (Ang II) type 1 receptor blockers (ARB) in hyperoxaluric rats. ARB reduced crystal
formation and calcium concentrations in the whole kidney. Hyperoxaluria leads to CaOx crystallization
and the development of tubulointerstitial lesions in the kidney. Ang II mediates OPN synthesis, which is
involved in both macrophage recruitment and CaOx crystallization. OPN synthesis and production
increased with hyperoxaluria but to a lesser extent in ARB-treated hyperoxaluric rats. These results show
that oxalate can activate the renal renin-angiotensin system and that oxalate-induced upregulation of OPN is
in part mediated via the renal renin-angiotensin system.

(Hinyokika Kiyo 57 : 49-54, 2011)
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Fig. 1. The modified seed crystal method using

collagen granules.
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activity of collagen granules with a surface area of 180 cm?/5ml was 90%.

Effect of collagen granules and OPN-immobilized collagen granules in the seed crystal method.
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Fig. 2. Effect of osteopontin (OPN) in the sced

crystal method. The inhibitory activity of
OPN at a concentration of 37.5 ug/ml was
90%.
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Fig. 4. Difference in the adhesion of crystals between OPN and thrombin by SEM image and comparison of **Ca
concentrations after the addition of negative control, OPN(10 xg/ml), thrombin (10 U/ml), RGD (Arg-
Gly-Asp peptide, 10 ug/ml) and RGE (Arg-Gly-Glu peptide, 10 ug/ml) by scintillation counting.
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Fig. 5. COM crystal adherence was increased by
exposure of the cells to high oxalate
concentration and reduced significantly by
OPN siRNA transfection to NRK-52E

cultured cells.
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Fig. 6. Hyperoxaluria was induced in 6-week-old male Sprague-Dawley rats by administering 1.5%

ethylene glycol in drinking water for 3 weeks.

Four groups of 6 rats each were studied : group

A, untreated control animals; group B, hyperoxaluria without treatment; group C,
hyperoxaluria treated hydrodynamic administration of OPN siRNA by lipofection ; group D,
hyperoxaluria treated renal capsular injection of OPN siRNA using atelocollagen.  The renal
calcium concentration was higher in groups B, C and D than in group A.  The increase of renal
calcium concentration induced by hyperoxaluria (group B) was significantly reduced by OPN

siRNA transfection (group C and D).
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Group B: 1% EG for 4 weeks, group C: 1% EG + CS (20 mg/ml) for 4 weeks

Fig. 7. (Left): Sections of a kidney from the rat in group B and C.  Calcium oxalate crystals in the tubular lumen were
decreased in group C. H & E staining, reduced from x200. (Right): Kidney sections immunostained for
ED-1, reduced from X 200. ED-1-positive cells, corresponding to monocytes/macrophare, are present in the
renal interstitum. In group C, ED-1-positive cells were reduced.
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A control, group B : EG, group C: EG + CS (Candesartan), group D : CS.  High levels of renal calcium
concentrations and calcium oxalate crystal deposits in group B were significantly decreased in group C.

Fig. 8.

Table 1. Urinary and serum concentrations of various substances
Mean oarameters = SD at 4 weeks

Group A Group B Group C Group D
Renal calcium concentrations (mg/g dry kidney tissue) 0.07+0.01 1.05%0.01* 0.16 £0.02*§ 0.07%0.01
Calcium oxalate constal deposits score (% nephone/ X 200 field) 0 3.32+10.2% 18.2%8.0*§ 0
EDI (average numbers/ % 200 field) 0 91.1*=31.8* 36.7 £19.4*§ 0
Renal angiotensin II (pg/mg protein) 0.30+0.01 0.35+0.01* 0.60 =0.03*§ 0.69 = 0.02%
Renal OPN (pg/mg protein) 69.8+6.9 230+£22.8%  104.0 =43%§ 71.2%£5.6
Malondialdehyde (nmol/mg protein) 0.34+0.05 0.55+0.05* 0.43 +0.06*§ 0.39+0.06

*: P<0.05 vs group A, § P<<0.05 vs group C.  Group A: control, group B :1% EG for 4 weeks, group C: 1% EG + CS (20 mg/ml) for

4weks, group D : CGS (20 mg/ml) for 4 weeks.
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Fig. 9. Hypothetical schema depicting the multiple
actions of OPN that may be required to
adequately inhibit the intrarenal deposition

of calcium oxalate crystals.
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W SN2 (Fig, 9).
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