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Summary. Balkan endemic nephropathy (BEN) is a chronic tubulointerstitial kidney disease of unknown etiology. Not
only the etiology of the disease but even the initial lesion, target nephron structure and morphogenesis remain
unresolved. We have previously performed quantitative morphometric analysis on kidney biopsy specimens of patients
in different stages of BEN (without renal failure, with initial and advanced renal failure). In the initial stage of the
disease, when glomerular filtration rate is normal, the increase of cortical interstitium and a reduction of glomerular
volume are demonstrated. A significant reduction of the tubular epithelium volume density is characteristic of the
advanced stage. The number of renal interstitial capillaries per 0.1 mm2, and the lenght density expressed per mm2,
both significantly decreased in BEN patients with normal kidney function (p<0.01) and with renal failure (p<0.001).
We have also investigated the immunolocalization of laminin, cytokeratin and vimentin in the kidney of patients in
different stages of BEN. In the early stages of BEN a marked overexpression of laminin in renal interstitial capillaries
was observed with a moderately increased expression in tubules. Later stages were characterized by intensive
expression of laminin in atrophic tubules, much more in proximal than in distal ones. The coexpression of vimentin
and cytokeratin in proximal tubular cells was also demonstrated.
Evidence is presented that renal vascular changes occur early in BEN. A significant role of tubular injury in the
pathogenesis of BEN was supported by the finding of vimentin and cytokeratin coexpression in the tubular epithelial
cells. Interstitial sclerosis could result from the overproduction of extracellular matrix by injured proximal tubular
epithelium and interstitial capillary endothelial cells. The changes described, particularly those taking place at the
level of interstitium, bear the key responsability for the BEN progression.
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Introduction
Balkan endemic nephropathy (BEN) is a progressive

tubulointerstitial nephritis of unknown etiology (1). In
fact, in most studies tubulointerstitial lesions were de-
scribed as primary, and glomerular and extraglomerular
vascular changes were considered as the secondary
consequences of the disease.

The morphological studies in BEN place an emphasis
on the earliest and the predominant tubulointerstitial
changes (2-5). However, some authors consider BEN to
be a glomerulopathy (6-8). Earlier morphologic (2-5) as
well as recent immunohistochemical studies (9,10) point
to the renal extraglomerular vascular changes as early
kidney lesions in BEN.

Qualitative analysis of renal changes
Tubulointerstitial changes were the most prevalent

findings in several well conducted studies of BEN
patients in the early stage of disease (2-5). In a study by

Ferluga et al. (5) on 52 BEN patients, interstitial sclerosis
was found in 98%, tubular atrophy in 98%. In 92% of
cases tubular atrophy was characterized by narrowing or
complete disappearance of the lumens and pronounced
thickening of the tubular basement membrane. Interstitial
sclerosis was always multifocal, and surrounding atrophic
tubules. Global glomerular sclerosis with microvascular
hyalinosis/sclerosis was found in 80% of cases,
segmental glomerular sclerosis in 10% of cases. Renal
vascular changes occurred in 80% of biopsies. The renal
vascular involvement was mostly multifocal, expressed
as hyalynosis of arterioles and small interlobular arteries
in 70% of cases. All these vascular changes were found to
be only slightly more frequent and intensive among the
10 BEN patients with low labile arterial hypertension
than among 40 patients who where normotensive.

Quantitative analysis of renal changes
A recent quantitative analysis by means of the

stereologic method has established the importance of
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interstitial sclerosis, proximal tubular, glomerular, and
extraglomerular vascular changes in different stage of
BEN (11). Eighteen patients were classified into three
groups with regard to the clearance of 99mTc-DTPA
(normal kidney funciton, initial and advanced renal
failure). The initial stage of the disease was characte-
rized by an outstanding increase of the cortical
interstitial volume (50% over control volume) and a
significant reduction of the glomerular volume (45%
decrease) (Table 1). The volume of tubular epithelium
was not significantly changed. The stages with a
reduced glomerular filtration rate are characterized by a
further increase of the interstitium (almost twofold), and
a decrease of the glomerular volume to one third of the
control value. Volume density of tubular epithelium was
also significantly decreased. The number of renal
interstitial capillaries per 0.1 mm2, and the lenght
density expressed per mm2, both significantly decreased
in BEN patients with normal kidney function (p<0.01)
and with renal failure (p<0.001) (12).

Immunolocalization of laminin,
vimentin and cytokeratin in renal lesions
We have studied expression of laminin, the major

nonocollagenous basement membrane protein, and
expression of two intermediate filament proteins,
vimentin and cytokeratin, in the kidney of patients in
different stages of BEN (9,10). Renal biopsy specimens
were obtained from BEN patients having 99mTc-DTPA
clearance in the range from 28-122 ml/min.

In the early stage of Balkan nephropathy, a marked
overexpression of laminin in renal interstitial capillaries
was observed with a moderately increased expression in
tubules (9). Later stages were characterized by the
intensive expression of laminin in atrophic tubules,
much more in proximal than in distal ones. Increased
expression of laminin in glomerular capillaries was also
demonstrated, sometimes it was segmental. The pattern
of laminin staining in glomeruli corresponded to focal
and segmental glomerular sclerosis present in the
advanced stages of Balkan nephropathy. This study
confirms that major changes in Balkan nephropathy are
localized in interstitial capillaries, occurring in the early
stages (9). Markedly increased laminin expression in
interstitial capillaries was demonstrated in patients with

normal blood pressure. Marked tubular atrophy,
especially in proximal tubules, was associated with an
overexpression of laminin. The observed changes were
much pronounced in the outer cortex.

Cytokeratin was overexpressed in tubular epithelium,
most intense on atrophic proximal tubules of the outher
cortex, where also light microscopic changes were the
most pronounced (10). Vimentin expression in glomeruli
was slighlty increased, segmental and mostly in
mesangium. Extraglomerular localization was marked,
especially in atrophic tubules. Proximal tubular over-
expression of vimentin corresponded to the degree of
proximal tubule damage. Some peritubular blood vessels
were also vimentin positive. Very intense vimentin
staining was found in the areas of marked interstitial
sclerosis. The observed overexpression of vimentin was
much pronounced in the outer cortex. Distal tubules were
vimentin negative. Damage to the tubular epithelium has
been followed by the coexpression of vimentin and
cytokeratin. In this present study, further evidence on the
tubulointerstitial lesions in the early stages of Balkan
nephropathy is presented (10).

Discussion
Previous studies in BEN have described multifocal,

sclerotic and atrophic lesions of renal cortex involving all
nephron structures, irrespective of the stage of disease.
The predominent pathology is that of a chronic, multifocal
interstitial nephritis (2-5). The findings are non-specific
and similar to those associated with aging (13-15). While
the most prominent histopathologic features seen in BEN
patients are those of aging, other factors are not consistent
with such a pathogenesis (5). Similar nonspecific findings
are associated with nephrotoxic metals such as lead (16),
cadmium (17), and lithium (18). Histologic changes in
BEN share similarities with renal damage caused also by
cyclosporine and some other toxic substrances. In the first
place ochratoxin A (19), aristolochia toxins (20), and
polycyclic aromatic hydrocarbons (21) should be conside-
red, as they are both nephrotoxic and cancerogenic. BEN
is associated with high incidence of urothelial cancer (22).

Our studies on immunolocalization in early stages of
BEN have demonstrated marked overexpression of
laminin in renal interstitial capillaries with a moderately
increased expression in tubules, and have pointed that

Table 1. Relative volume densities of cortical interstitium, tubular epithelium and glomeruli in BEN patients
[adapted from Čukuranović et al. (11)]

Group Cortical interstitium Tubular epithelium Glomeruli
Control
BEN without RF
BEN with initial RF
BEN with advanced RF

0.137 ± 0.005 (14%)
0.182 ± 0.129a (18%)
0.253 ± 0.022bc (25%)
0.303 ± 0.015def (30%)

0.502 ± 0.015 (50%)
0.494 ± 0.005 (50%)
0.472 ± 0.009g (47%)
0.438 ± 0.003hi (44%)

0.217 ± 0.040 (22%)
0.151 ± 0.050j (15%)
0.142 ± 0.014k (14%)
0.1322 ± 0.013k (13%)

Values are means ± SD; percentage in parenthesis. RF-Renal failure.
a vs.group 1 (p<0.05), b vs.group 2 (p<0.05), c vs.group 1 (p<0.01),
d vs.group 3 (p<0.05), e vs.group 2 (p<0.01), f vs.group 1 (p<0.001),
g vs.groups 1 and 2 (p<0,05), h vs. groups 1 and 2 (p<0.001),
i vs.group 3 (p<0.01), j vs.group 1 (p<0.05), k vs.group 1 (p<0.01).
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renal vascular changes are the primary event in BEN. .
A significant role of tubular injury in the pathogenesis of
BEN was supported by the finding of vimentin and
cytokeratin coexpression in the tubular epithelial cells.
Interstitial sclerosis could result from the overproduction
of extracellular matrix by injured proximal tubular
epithelium and interstitial capillary endothelial cells.

The changes described, particularly those taking
place at the level of interstitium, bear the key responsa-
bility for the BEN progression. The increase of the cor-
tical interstitial volume results in resistance of the post-

glomerular capillary network with impairment of the
glomerular flow (23). This impairment leads to a
chronic rise in hydrostatic pressure. The increase of the
cortical interstitium additionally leads to an increase in
the lenght of diffusion between the tubules and the in-
tertubular and peritubullar capillaries (24). This increase
in the lenght of diffusion subsequently results in atrophy
of the tubules, reduction of reabsorption, and therefore
impairement of the effective filtration pressure (23).

Further studies are needed in BEN to explain the
primary event in the kidney and pathomorphogenesis.
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