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The expression of renal inhibitors of crystallization (Tamm-Horsefall protein, osteopontin, 
bikunin) in experimental nephrolithiasis was studied in rats receiving 1% ethylene glycol so-
lution for drinking for 3 weeks. The expression of Tamm-Horsefall protein increased, while 
osteopontin and bikunin expression decreased in experimental nephrolithiasis.
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Drug correction of oxalate nephrolithiasis, the main 
form of urolithiasis, remains a pressing problem of [7].

Human urine is a complex colloid system with 
physicochemical properties favoring the formation of 
concrements in the kidneys [3]. However, urolithia-
sis does not develop in all individuals, because human 
organism has certain defense mechanisms preventing 
stone formation. It is assumed that protein macromol-
ecules expressed in renal tissues and preventing aggre-
gation, adhesion, and nucleation of calcium minerals 
play the key role in lithogenesis inhibition. Due to these 
properties, these molecules are called crystallization 
inhibitors [4]. They are Tamm-Horsefall protein (THP), 
osteopontin (OPN), and bikunin (BCN). It has been 
found that these proteins loose their inhibitory effects 
in disease or even become crystallization stimulators 
[4]. Detection of the causes of these events would pro-
mote understanding of nephrolithiasis pathogenesis and 
search for new effective methods for drug prevention 
of urolithiasis.

We studied the pathomorphology of THP, OPN, 
and BCN expression in the kidneys in experimental 
oxalate nephrolithiasis.

MATERIALS AND METHODS

The study was carried out on 30 outbred male rats 

(200-250 g) fed standard diets. The animals were di-
vided into 2 groups. Group 1 animals (reference) re-
ceived tap water for drinking over 3 weeks. Group 
2 rats received 1% ethylene glycol (low molecular 
diatomic alcohol, one of its metabolites in the organ-
ism is oxalate ion) for 3 weeks in order to induce 
nephrolithiasis. Long ethylene glycol treatment leads 
to accumulation of oxalate ions, which, excreted in 
high amounts with the urine, create conditions for the 
formations of renal concrements and development of 
nephrolithiasis [2].

After 3 weeks, the rats of both groups were de-
capitated by cervical dislocation under ether narcosis 
in accordance with the Helsinki Declaration World 
Medical Association requirements (2000). The kidneys 
were analyzed.

Calcium compound depositions were detected by 
silver impregnation by Kossa’s method, with the reac-
tion control (0.1% hydrochloric acid) [9]. The deposi-
tions and distribution of calcium deposits, their mean 
size and location in renal tissues were evaluated. The 
biosynthetic activity and total functional viability of 
cells were evaluated by safranine O (T) polychromatic 
staining as described previously [8]. The connective 
tissue elements were detected and the connective tis-
sue maturity was evaluated by fi brin staining by the 
MSB (Marcius-Scarlett-Blue) method modified by 
D. D. Zerbino [5].

The expression of THP, OPN, and BCN was stu-
died by indirect two-step streptavidin biotin method 
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with the reaction specifi city control. After standard 
deparaffi nation and rehydration procedures, blocking 
of endogenous peroxidase was carried out as recom-
mended by the antibody manufacturer (Santa Cruz).

Antigenic specifi city was restored by pretreatment 
of sections plunged in citrate buffer (pH 6.0) in a mi-
crowave oven at 600 W, 3×7 min [1].

Antibodies to THP (G-20: sc-19554; 1:80), OPN 
(P-18: sc-10593; 1:80), and BCN (M-17: sc-21600; 
1:80; Santa Cruz) served as the fi rst antibodies.

The reaction product was visualized by goat ABC 
Staining System: sc-2023 (Santa Cruz) and diamino-
benzidine.

Morphometric studies were carried out using Im-
ageJ 1.43 and AxioVision 3.1 software. The expression 
was evaluated by diaminobenzidine staining intensity 
using ImageJ image analyzer. For more convenient 
interpretation of the results, the data were calculated 
by the formula:

100×Dx E%=100-
256

where E% is expression percentage, 256 is the maxi-
mum staining intensity, and Dx is diaminobenzidine 
staining intensity. The data are presented as the mean 
(X ) and error in the mean (m) and are considered sig-
nifi cant at p<0.05. The differences between the groups 
were evaluated by Dann’s and Mann–Whitney’s tests 
(SigmaStat 3.5, Systat Software, Inc.).

RESULTS

Three-week ethylene glycol consumption led to ma-
nifestation of morphological signs characteristic of 
oxalate nephrolithiasis. Elements of renal tissue re-
structuring appeared: hydropic degeneration of the 
epithelium and its desquamation, dilatation of the tu-
bular and collection tubular lumen, lymphohistiocytic 
infi ltration of the interstitium. Signifi cant calcium de-
posits (21.4±3.40 per visual fi eld) were found in the 
renal medulla, mainly at the base and middle third of 
the renal papilla, the mean size of these deposits was 
16.5±0.60 μ. Large microliths (30-35 μ) were found 
in 10% observations, they closed the lumen of collec-
tion tubules (Fig. 1, a). Connective tissue growth with 
the formation of peritubular and perivascular fi brosis 
was found perifocally. Functional activity of collection 
tubular epithelium sharply decreased.

No signs of this kind were detected in the refer-
ence group. The histological picture of the renal sec-
tions generally corresponded to normal. No calcium 
depositions were verifi ed histochemically.

Immunohistochemical study showed changes in 
the expression of the studied proteins in renal tissues. 
During week 3 of oxalate nephrolithiasis formation, 

manifest expression of THP was found in the cyto-
plasm and membranes (mainly apical membranes) of 
the distal tubular epitheliocytes in the renal cortical 
matter and Henle’s loop thick compartment cells in the 
external medullary zone (Fig. 1, b). Similar location 
of THP expression was found in intact animals. The 
renal expression of THP increased signifi cantly (by 
9.4%) in animals with experimental nephrolithiasis 
in comparison with the reference group (p<0.05). In 
addition, in intact rats slight expression of THP was 
seen in the interstitium over the entire area of the renal 
papilla, while in nephrolithiasis it was focused mainly 
in its middle third, where the calcium deposits were 
mainly located. On the other hand, no THP expression 
was detected near rather large microliths blocking the 
collection tubules.

The expression of OPN in the epitheliocyte cy-
toplasm in the nephron tubules, collection tubules, 
and transitional epithelium of the pelvicaliceal sys-
tem of intact rats was moderate. The expression of 
OPN reduced signifi cantly (by 6%; p<0.05) after 3 
weeks of ethylene glycol consumption in comparison 
with intact animals without appreciable topological 
difference between the groups. In addition, moderate 
expression of OPN was found in the protein cylinders 
in the collection tubule lumen in the inner zone of 
the renal medulla. No direct relationship between the 
formation of calcium microliths and OPN expression 
was detected (Fig. 1, c).

The topological characteristics of BCN expres-
sion were largely similar to those of OPN: moderate 
expression of cytoplasmic location in the nephron tu-
bular and collection tubular epithelium, no expression 
in the interstitium. However, there were some differ-
ences. Signs of slight expression of BCN in the renal 
papilla interstitium (in sites of predominant deposition 
of calcium) were detected during week 3 of nephroli-
thiasis simulation, though no direct topological rela-
tionship with the microliths was detected (Fig. 1, d). In 
addition, a statistically signifi cant (5.5%; p<0.05) re-
duction of BCN expression was detected during week 
3 of ethylene glycol treatment.

The experiment demonstrated a clear-cut picture 
of oxalate nephrolithiasis development in rats drinking 
ethylene glycol during 3 weeks.

The expression of THP in normal rats and in rats 
with nephrolithiasis was detected predominantly on 
the apical membrane of cells in the ascending com-
partments of Henle’s loop and in the distal tubules. 
This was in good agreement with published data ac-
cording to which THP was located mainly in the thick 
ascending compartment of Henle’s loop [4]. On the 
other hand, the expression of THP increased by almost 
10% after 3 weeks of ethylene glycol consumption, 
which was somewhat unexpected. Previous studies de-
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tected reduction of urinary excretion of THP in neph-
rolithiasis, but only THP excretion and not its cell 
expression, and not in absolute fi gures, but relative to 
creatinine excretion [4]. Discussing the results, we had 
to admit that some authors regarded THP as a litho-
genesis stimulus [6]. From this standpoint, increase 
of its expression at the peak of experimental disease 
detected in our experiment was somewhat justifi ed. 
However, the opinion on the inhibitory effects of THP 
predominates in modern publications, though there are 
in fact no practical data on increase of THP expres-
sion in experimental nephrolithiasis. Presumably, the 
increase of THP expression during week 3 of nephro-
lithiasis development is an adaptive mechanism aimed 
at protection of the kidneys from the toxic effects of 
oxalate ions and their calcium salts.

Analysis of renal expression of OPN also gave con-
tradictory results. Some authors noted an increase of 
OPN expression in rats with experimental nephrolithia-
sis [11,13]. Our experiments demonstrated its signifi -

cant reduction. Presumably, attenuation of OPN expres-
sion in experimental nephrolithiasis refl ects exhaustion 
of OPN-dependent defense mechanisms after lasting 
prevention of crystallization processes in the kidneys. 
This hypothesis is indirectly confi rmed by clinical ob-
servations demonstrating a signifi cant reduction of OPN 
levels in the urine of nephrolithiasis patients [12,14].

As for renal expression of BCN, our data agree 
with some sources and disagree with others. We found 
BCN mainly in the cytoplasm, while some authors 
demonstrated apical location of this protein [4]. In 
addition, we found that BCN expression decreased 
in rats after 3 weeks of ethylene glycol consumption. 
On the one hand, it seemed quite logical and could be 
regarded as a component of the oxalate nephrolithiasis 
pathogenesis, on the other hand, some authors demon-
strated signifi cant (by several times) increase of renal 
expression of BCN mRNA under similar experimental 
conditions. Importantly that positive growth was ob-
served only after week 8 of ethylene glycol consump-

Fig. 1. Experimental nephrolithiasis on day 21. a) microliths in collection tubule lumen. Kossa’s staining, ×400; b) manifest expression of 
THP by epitheliocytes in the distal tubules and thick part of Henle’s loop. No perifocal expression of the protein near microliths, ×100; c) 
moderate expression of OPN near calcium microlith in collection tubule lumen, ×400; d) moderate expression of BCN in the cytoplasms of 
collection tubule epitheliocytes. No topological relationship with microliths, ×400.
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tion by rats [10]. Rather many authors obtained similar 
results – by topological characteristics and by the time 
course of expression [4].

Hence, experimental nephrolithiasis induced in 
rats by 3-week consumption of ethylene glycol was 
associated with an increase of THP expression and a 
decrease of OPN and BCN expression in the kidneys. 
Despite the contradictions in our results, we consider 
them demonstrative and justifi ed. The increase of THP 
expression should be presumably regarded as a com-
pensatory reaction aimed at inhibition of lithogenic 
processes. Reduction of OPN and BCN expression, 
in turn, may indicate exhaustion of these proteins’ ac-
tivities developing by the end of week 3 after lasting 
control of the factors provoking lithogenesis. These 
regularities can be regarded as characteristic signs of 
experimental oxalate nephrolithiasis development.

REFERENCES

 1. L. E. Gurevich and V. A. Isakov, Arkh. Patol., No. 2, 48-50 (1999).
 2. A. Yu. Zharikov, V. M. Bryukhanov, Ya. F. Zverev, and V. V. 

Lampatov, Nefrologiya, 12, No. 4, 28-35 (2008).

 3. Ya. F. Zverev, V. M. Bryukhanov, V. V. Lampatov, and A. Yu. 
Zharikov, Ibid., 13, No. 1, 39-50 (2009).

 4. Ya. F. Zverev, A. Yu. Zharikov, V. M. Bryukhanov, and V. V. 
Lampatov, Ibid., 14, No. 1, 29-49 (2010).

 5. D. D. Zerbino and L. L. Lukasevich, Disseminated Intravascu-
lar Blood Clotting. Facts and Concepts [in Russian], Moscow 
(1989).

 6. V. G. Maidannik and G. N. Drannik, Urol. Nefrol., No. 5, 69-
74 (1990).

 7. O. L. Tiktinskii and V. P. Aleksandrov, Urolithiasis [in Rus-
sian], St. Petersburg (2000).

 8. A. N. Yatskovskii, Arkh. Anat., Gistol., Embriol., No. 1, 76-79 
(1987).

 9. E. B. Prophet, B. Mills, J. B. Arrington, and L. H. Sobin, 
American Registry of Pathology, Washington, D. C. (1992), 
p. 197.

10. S. Iida, A. B. Peck, J. Johnson-Tardieu, et al., J. Am. Soc. 
Nephrol., 10, No. 5, 986-996 (1999).

11. X. J. Jiang, T. Feng, L. S. Chang, et al., Urol. Res., 26, No. 6, 
389-394 (1998).

12. H. Tsuji, U. Tohru, U. Hirotsugu, et al., Int. J. Urol., 14, No. 
7, 630-634 (2007).

13. T. Yagisawa, S. Chandhoke, J. Fan, and S. Lucia, J. Endocri-
nol., 12, No. 2, 171-176 (1998).

14. T. Yasui, K. Fujita, Y. Hayashi, et al., Urol. Res., 27, No. 4, 
225-230 (1999).

Bulletin of Experimental Biology and Medicine, Vol. 153, No. 2, June, 2012 MORPHOLOGY AND PATHOMORPHOLOGY


	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

