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Introduction

The bone morphogenetic proteins are a subgroup of the
transforming growth factor-f (TGF-B) superfamily and is a
key morphogenic signal for renal development (1). Its role
has been investigated in a number of animal models of re-
nal disease, including acute ischemic injury, tubulointersti-
tial fibrosis, diabetic nephropathy and lupus nephritis (2).
BMP-7 administration, in the unilateral ureteral obstruction
model in rodents which results in tubulointerstitial fibrosis
leading to progressive renal damage, prevented interstitial
inflammation and fibrogenesis (3).

Cyclosporine A(CsA) has considerably improved the sur-
vival of solid organ transplants and has been widely used
since its first introduction in 1976. Chronic cyclosporine
toxicity has been described in both renal and non-renal al-
lograft recipients as well as in patients being treated with
CsA for autoimmune diseases. Chronic cyclosporine toxic-
ity may progress to an irreversible renal lesion character-
ized by interstitial fibrosis, tubular atrophy and the pathog-
nomonic lesion of afferent arteriolar hyalynosis (5,6). The
possible pathogenetic effect of BMP-7 depletion has not
been studied for calcineurin induced nephrotoxicity. The
aim of the present study is to investigate BMP-7 expression
in a rat model of chronic cyclosporine (CycA) toxicity
compared to healthy controls.

Methods

Chronic CsA nephrotoxicity model in the rat produced by
the administration of CsA was used in this study. Three
groups of eight male Wistar rats weighing 180-200g and
fed on low sodium diet were included in the study. Group
1(H) animals (n=8) did not receive any treatment through
the study period and were taken as healthy controls while
Group 2 animals (n=8) were treated with a daily dose of
CsA 15mg/kg intraperitoneally for 8 weeks. Group 3
(CsA+Q) animals (n=8) were treated with the same daily
dose of CsA for 8 weeks plus quinapril (Aquitel, Pfizer,
Turkey) 10 mg/kg/d in drinking water. During the experi-
ments, animals were housed one per cage, maintained un-
der controlled environmental conditions (12-h light/dark
cycle, temperature 21°C). All animal procedures were in
accordance with the declaration of Helsinki and guide for
the care and use of laboratory animals. Study protocol was
approved by local ethic committee of Marmara University.
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Serum creatinine concentration were measured spectropho-
tometricaly while erythrocyte CycA levels were deter-
mined by flourecent polarization immune assay.

At the end of the study period the study rats were anesthe-
sized by ether aneasthesia and sacrificed. Kidneys were ex-
cised and one was fixed in %0.4 parafolmaldehyde for light
microscopic studies.

After an appropriate dehydration, kidney slices were em-
bedded in paraffin, sectioned at 4[], and heamatoxylene
eosine and trichromic stains were performed. The renal tis-
sues were examined by light microscopy for the findings of
CycA toxicity assessed by the presence of tubulointerstitial
damage and arteriolar hyalinosis. Arteriolopathy percent-
age was determined by ocular micrometry. The results are
expressed as the percentage of affected arterioles over total
number of arterioles. The degree of tubulointerstitial fibro-
sis was evaluated semiquantitatively in trichrome stained
specimens. The renal tissues were also immunohistochemi-
cally stained with BMP-7. BMP-7 expression was then
semiquantitatively scored after the standard immunohisto-
chemical staining (Santa Cruz-Biotechnology-SC-6899).
The histological analysis was performed by two patholo-
gists blind to each other and to the groups at which the re-
nal tissues belonged.

Statistical analysis were performed with an IBM compati-
ble PC using Graphpad Instat III program. Kruskal Wallis
ANOVA was used for comparisons of the groups. Spear-
man Rank test was used for the correlation analysis. Data
are expressed as mean = SEM.

Results

Two rats from group 2 and from group3 died during the
treatment period, while all others well tolerated the treat-
ment through the study. Mean serum CsA levels were
1982ng/ ml and 1968ng/ml for CsA and CsA+Q group re-
spectively . Mean serum creatinine levels were 0.8 + 0.2
mg/dl, 1.6 + 0.8 mg/dl and 1.4 + 0.8 mg/dl in group 1(H),
2(CsA) and 3(CsA+Q) respectively at the end of the treat-
ment period. The difference was statistically significant be-
tween treatment groups and healthy controls (p<0.005)
while it remained non-significant between the treatment
groups.

Serhan Tuglular, Mustafa Mazhar Sok 13/6, Selamicesme, Kadikoy-Istanbul, Turkey

Tel: 5323564451, e-mail: serhantuglular@yahoo.com



BANTAO Journal 1 (2): p 254, 2003

PROCEEDINGS of the 6-th BANTAO Congress

Table 1: Tubular and glomerular BMP-7 expression
p<0.0005 for group CsA vs H; p<0.05 for group

CsA+Q vs CsA

Study rats | Group H | Group CsA | Group CsA +Q
R1 +++ ++ ++

R2 +++ + ++

R3 +++ + ++

R4 +++ + ++

RS +++ ++ +

R6 +++ + +

Histological studies revealed interstitial fibrosis at a degree
of 25 % in 5 and 50% in one of the renal tissues in CsA
treated group while tubular atrophy was found in all the
studied rats of the latter group. Arteriolar lesions were ob-
served in all CsA treated rats. The affected arterioles dem-
onstrated an enlargement of the smooth muscle cells result-
ing in a partial or total narrowing of the arteriolar lumen.
The affected cell cytoplasm showed eosinophylic, homo-
geneous or granular degeneration interpreted as arteriolar
hyalyinosis. Interstitial fibrosis was not observed in healthy
controls. Interstitial fibrosis in Group 3 animals (CsA+Q)
was at a degree 25% in all animals

Afferent arteriolopathy was observed in 30% of the total
evaluated afferent arterioles in CsA only treated group
(group2) with early hyalonisos in 4 and late hyalinosis in 2
while only in 1.8% of the healthy controls. Arteriolar le-
sions were present in 20% of the total evaluated afferent ar-
terioles in CsA+Q group. The difference between the two
treatment groups failed to reach significance.
Immunohistochemical staining revealed significantly de-
creased BMP-7 expression in CsA treated animals as com-
pared with controls (P<0.0005). There was also signifi-
cantly higher BMP-7 expression in CsA+Q group com-
pared to CsA only group (P<0.05) (Table 1). Within the
CycA treated group BMP-7 expression seems to be nega-
tively correlated with interstitial fibrosis.

Discussion

Our study is the first addressing the role of BMP-7 in
chronic CsA toxicity. In this rat model of CsA induced
nephrotoxicity characteristic histologic changes were asso-
ciated with altered expression of BMP-7. BMP-7 has an es-
sential role throughout the development of the kidney. Re-
cent data lead to the speculation that BMP-7 deficiency
may be important in acute and progressive renal disease.
Following its beneficial effect on acute ischemic renal in-
jury, BMP-7 has also been investigated for its role in the
treatment of tubulointerstitial fibrosis(3,4).In a rat model of
unilateral ureteral obstruction, Hruska et al have reported
that BMP-7 administration protected against tubulointersti-
tial fibrosis when given in a prevention protocol. Although
the role of BMP-7 in renal injury is largely unknown, this

protein may have a cytoprotective effect or may be regulat-
ing chemotactic cytokines involved in monocyte infiltra-
tion associated with diverse renal disease. Tubulointersti-
tial fibrosis is a disease process implicated in a variety of
progressive renal diseases including chronic CsA nephro-
toxicity encountered mainly in transplanted subjects.
Chronic CsA nephrotoxicity is the major longterm draw-
back of this potent immunosuppressive agent.

The group receiving quinapril, an angiotensin converting
enzyme (ACE) inhibitor, in addition to CsA exhibited a
higher BMP-7 expression when compared to the group re-
ceiving CsA only. This finding suggests that ACE inhibi-
tion may have an influence on the upregulation of BMP-7
and support the proposed antifibrotic effect of the ACE in-
hibitors. However, BMP-7 expression was still lower in
CsA+Q group than the healthy controls.

In conclusion the results of our study suggest a down regu-
lation of BMP-7 expression in this rat model of cyc-
losporine toxicity implicating its potential utility in the
prevention of chronic calcineurin toxicity. Furthermore, the
decreased BMP-7 expression in CsA induced nephrotoxic-
ity seems to be favorably affected by ACE inhibition. Fur-
ther studies are needed to confirm these findings and to in-
vestigate its potential use for the treatment of cyclosporine
toxicity.
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