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Structural and functional studies of changes in the tubular compartment during progressive
renal dysfunction showed that the major types of damage to tubular cells include dystrophy,
degeneration, and atrophy. These changes were associated with inhibition of biosynthetic
processes in the tubular epithelium, progressive interstitial fibrosis, and disturbances in the
structure and function of peritubular microvessels.
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Tubular damage during glomerular dysfunction is usu-
ally accompanied by interstitial fibrosis. Study of pro-
gressive renal dysfunction focused on the progression
of this disorder [7,9]. The reduction of tubules under
conditions of progressive fibrosis is of considerable
interest. Morphological studies found a direct corre-
lation between the severity of interstitial fibrosis and
degree of renal dysfunction [8]. The extensively used
morphological variants of glomerular damage are not
accompanied by structural differentiation of tubular
damage (except for acute renal failure) [4-7].

Here we performed ultrastructural and autoradiogra-
phic studies of the tubulointerstitial compartment of the
kidney during renal dysfunction of different severity.

MATERIALS AND METHODS

We performed pathomorphological study of nephro-
biopsy specimens from 106 patients (61 men and 45
women, 14-71 years) with a clinical diagnosis of chro-
nic glomerulonephritis (n=97) or chronic tubulointer-
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stitial nephritis (n=9). The patients were divided into
3 groups depending on functional activity of the kid-
neys estimated by nitrogen excretion, osmo-, and iono-
regulatory functions of the kidneys [1]. Group 1 in-
cluded 44 patients with normal renal function. Group
2 included 25 patients with transitory or borderline
decrease in renal function. Group 3 included 37 pa-
tients with permanent renal dysfunction and chronic
renal failure. Transcutaneous puncture biopsy of the
lower renal pole in all patients was performed using
Tru-Cut disposable needles (Baxter).

Nephrobiopsy specimens were examined under
light and electron microscopes [3]. Metabolic and pro-
liferative activity of cells in nephrobiopsy specimens
was in vitro studied by autoradiography using tritium-
labeled DNA and RNA precursors (*H-thymidine and
SH-uridine, respectively) [2]. The severity of inter-
stitial sclerosis was estimated by a semiquantitative
method and classified as follows: minimal interstitial
fibrosis (degree 1) and moderate (degree II) or severe
diffuse interstitial sclerosis (degree III).

RESULTS

Examination of nephrobiopsy specimens from most
patients of group 1 revealed moderate changes in ne-

0007-4888/05/1393-0369 © 2005 Springer Science + Business Media, Inc.



370

phron tubules. Dimorphism of the proximal and distal
compartment was preserved and associated with di-
morphism of epitheliocytes in each tubule. Hetero-
geneity of cells in the proximal tubules (PT) was re-
lated to dystrophic changes of different severity and
variations in functional activity of cells. These cells
differed in the height, content of granular inclusions,
and severity of focal destruction in the brush border.
Sometimes we revealed necrobiosis of epitheliocytes.
The distal tubules (DT) underwent less pronounced
changes. Desquamated epitheliocytes, fresh and lea-
ched erythrocytes, and protein or erythrocytic cylin-
ders were present in the lumen of DT in patients with
nephrotic syndrome. Hemosiderin granules were found
in the cytoplasm of individual epitheliocytes in pa-
tients with persistent hematuria.

Changes in the tubular compartment were more
pronounced in group 2 patients. We revealed severe
dystrophy of epitheliocytes. Atrophy and desquama-
tion of tubular cells were especially pronounced in the
distal nephron. It should be emphasized that dystrophy
and atrophy concerned both renal compartments in
50% patients. The lumen of DT was obliterated with
heterogeneous cylinders. These changes were accom-
panied by cystic deformation and necrobiosis of tu-
bular cells.

Considerable pathological changes in the tubular
compartment of group 3 patients were manifested in
total atrophy of the epithelium, loss of proximal and
distal dimorphism, necrobiosis, desquamation of the
epithelium, and obliteration of the lumen with cylin-
ders. We revealed necrosis of individual tubules. The
decrease in the numerical density of tubules was ac-
companied by widening of the interstitium.

Electron microscopy of nephrobiopsy specimens
focused on cells in PT and DT. The structure of pro-
ximal tubular cells in nephrobiopsy specimens from
group 1 patients reflected high functional activity of
these cells (despite polymorphism of epitheliocytes).
Ultrastructural characteristics of the apical pole in
cells with distinct brush border, numerous heteroge-
neous vesicles, and small mitochondria with dense
matrix provided intensive endocytosis and further for-
mation of secondary lysosomes (Fig. 1, a). Most cells
had well-formed basal folds, adjacent mitochondria,
and free ribosomes and polysomes located perinu-
clearly. Several PT were lined with a flattened epithe-
lium and had reduced number of mitochondria. The
cytolemma was smoothed. The cytoplasm included
numerous large polymorphic deposits of lipofuscin,
which attested to degenerative changes.

DT epitheliocytes had transparent matrix and re-
duced number of mitochondria (Fig. 1, b). Nephrotic
syndrome was manifested in disorganization of the
basal cytoplasmic network and mitochondria and de-
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pletion of the cytoplasm. These changes were accom-
panied by thickening of the basal membrane and for-
mation of a wide zone with peritubular collagen
fibrils.

Nephrobiopsy specimens from group 1 patients
differed in the compensatory and adaptive epithelial
response of PT. Most tubules were lined with high
prismatic epithelium and had narrow lumen. The cyto-
plasm of epitheliocytes was readily stained with histo-
logical dyes. Therefore, the cytoplasm appeared as an
irregular structure under light microscope. Azurophilic
heterogeneous dense granules were revealed in semi-
thin sections of epitheliocytes. We visualized the cor-
rugated basal cytolemma with lacunas and deep inter-
digitations of the lateral plasmalemma. Most epithe-
liocytes of PT were ultrastructurally characterized by
pronounced hyperplasia of mitochondria that nearly
completely occupied the cytoplasm (phenomenon of
high density under light microscope), severe corru-
gation of the basal cytolemma, hypertrophy of the
brush border, presence of numerous pinocytotic vesi-
cles filled with the protein substrate, and formation of
large electronically dense vacuoles. These changes
reflected a strain in the reabsorption function of PT
epitheliocytes.

Progression of renal dysfunction was accompa-
nied by flattening of PT epitheliocytes, focal destruc-
tion of cells in the brush border, destruction of the
outer and inner membrane in mitochondria (Fig. 1, ¢),
and formation of polymorphic vacuoles with an elec-
tronically dense or heterogeneous osmiophilic content.

The distal compartment was more engaged in the
pathological process compared to the proximal com-
partment. Convoluted DT were lined with flattened
epithelium and had widened lumen. Electron density
of the cytoplasmic matrix varied within the same tu-
bule. The apical and basal plasmalemma had simple
shape. Cytoplasmic organelles were reduced in the
protein-synthesizing compartment. The epitheliocytes
undergoing necrobiosis differed in karyorrhexis, pro-
nounced consolidation of the cytoplasmic matrix, fo-
cal vacuolation of the cytoplasm, and destruction of
intracellular organelles (Fig. 1, d).

Interstitial changes in nephrobiopsy specimens
from group 1 patients were manifested in mild peri-
glomerular sclerosis and presence of a few small focu-
ses of fibrosis. They were predominantly localized in
the zone of tubular atrophy. Interstitial fibrosis was
not found in 45% biopsy specimens. Study of nephro-
biopsy specimens from group 2 patients revealed dif-
fuse interstitial fibrosis, which was especially prono-
unced in the perivascular and periglomerular zone.
The severity of fibrosis varied and corresponded to
degrees I, II, and III in 18, 62, and 20% biopsy speci-
mens, respectively. The severity of interstitial fibrosis
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Fig. 1. Ultrastructural changes in epitheliocytes of the proximal (a, ¢) and distal tubules (b, d) in nephrobiopsy specimens under normal
activity (a, b) and dysfunction of the kidneys (c, d). Regular brush border, numerous endocytotic vesicles and mitochondria (x4000, a);
reduction and focal destruction of mitochondria (x4000, b); vacuolation of the cytoplasm and destruction of mitochondria (x6000, c);
degeneration of cytoplasmic organelles, peritubular collagen fibrils (x6000, d).
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was highest in nephrobiopsy specimens from group 3
patients. Diffuse coarse-fibrous fibrosis of the stroma
was most pronounced in the peritubular and perivas-
cular zone (degree II-III fibrosis).

Nephrobiopsy specimens from patients of various
groups were rarely infiltrated with cells. Small mono-
nuclear infiltrates that mainly consisted of lympho-
cytes were rarely found in the stroma. Study of patho-
logical changes in the interstitium revealed several
phenomena. First, the severity of fibrosis in the stroma
did not depend on the type and degree of glomerular
dysfunction. And second, the development of focal
interstitial sclerosis was usually associated with atro-
phy of the tubular epithelium.

Vascular pathology was mainly associated with
arterial hypertension and structural manifestations of
this syndrome (hyperelastosis of arterioles and small
arteries, myoelastosis, and myoelastofibrosis). Vascu-
lar remodeling in nephrobiopsy specimens from group
1 patients was manifested in hyperelastosis and, more
rarely, in myoelastosis. Signs for profound reconstruc-
tion of the vascular wall were revealed in nephro-
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biopsy specimens from group 2 patients. They inclu-
ded myoelastofibrosis associated with dystrophy of
endotheliocytes. Fibrosis of the vascular wall (myo-
elastofibrosis) was a characteristic sign in nephro-
biopsy specimens from group 3 patients. The duration
and severity of arterial hypertension depended on the
degree of structural reconstruction in arterial vessels.
Postglomerular capillaries in biopsy specimens from
group 1 patients retained normal structure. We revea-
led only the increase in functional activity of endo-
thelial associates (large number of pinocytotic ve-
sicles, ribosomes, and pseudovilli on the luminal sur-
face). As differentiated from group 1 patients, group
2 patients were characterized by the development of
pericapillary fibrosis and structural-and-functional re-
construction of the endothelium. Some endothelio-
cytes differed in high functional activity due to hyper-
plasia of cytoplasmic organelles, while others under-
went degenerative and dystrophic changes (reduction
and destruction of cytoplasmic organelles, including
mitochondria). It should be emphasized that dystrophy
of the endothelium was accompanied by thickening of

Fig. 2. Biosynthetic processes in cells of the tubulointerstitial compartment in nephrobiopsy specimens. Incubation with *H-uridine. Semithin
sections, azure Il staining. High index and density of labeling with ®H-uridine for tubular cells and endotheliocytes in peritubular capillaries
(x800, a); low-intensity synthesis of RNA in tubular cells, degeneration and desquamation of the tubular epithelium (x600, b).
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the basal membrane in capillaries and development of
pericapillary fibrosis, which resulted in significant
changes in transcapillary metabolism. Progressive
changes in capillaries of biopsy specimens from group
3 were followed by fibrosis of the wall, degeneration
of the endothelium, and obliteration of the lumen (in
several specimens).

An autoradiographic study revealed additional signs
for structural and functional changes in the tubular
epithelium and stromal cells. Tubular cells in nephro-
biopsy specimens from group 1 patients were charac-
terized by high index of *H-uridine labeling (95-100%)
and high labeling density. Endotheliocytes in vascular
capillaries exhibited a simultaneous response; 85-90%
cells contained *H-uridine (Fig. 2, a). Study of *H-
thymidine incorporation showed that only individual
tubular cells synthesize DNA. We examined tubular
cells in nephrobiopsy specimens from group 2 pa-
tients. Biosynthetic and proliferative activity of epithe-
liocytes in these patients was lower than in group 1 pa-
tients. The index of labeling with *H-uridine in group
2 patients was 41-60%. The labeling density was quite
low (Fig. 2, b). The *H-uridine label was absent.

Plastic supply to functional activity of tubular
cells progressively decreased in nephrobiopsy speci-
mens from group 3 patients. The index of labeling
with an RNA precursor varied from 5 to 40%; the
labeling density was extremely low. The index of la-
beling with *H-thymidine was 0.1-1%. In group 3 pa-
tients the index of endotheliocyte labeling with *H-
uridine was lower than in group 1 patients. In these
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patients incorporation of *H-uridine into fibroblasts
was noted, which reflected activation of collagen syn-
thesis. Changes in biosynthetic processes in tubular
cells reflected progressive damage to cells (from dys-
trophy to degeneration and atrophy). Degenerative
changes in endotheliocytes were not compensated by
regenerative reaction. It increased the intensity of col-
lagen synthesis and contributed to dysfunction of the
tubular compartment.

Our results show that progressive renal dysfunc-
tion is associated with the inhibition of biosynthetic
processes in tubular cells and endotheliocytes due to
the increase in collagen synthesis in fibroblasts.
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