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In the modern view, renal ultrafiltration in vertebrates is an active process in which 
the cytoskeleton of the podocytes plays an important regulatory role [5, 6]. An electron- 
microscopic investigation of the structure of the podocyte cytoskeleton of representatives 
of the principal classes of vertebrates, including more than 30 species, was undertaken pre- 
viously [1-3]. It was found that the podocyte cytoskeleton in the mammalian kidney consists 
of microtubules and networks of microfilam~nt$ Whereas in lower vertebrates it consists 
mainly of bundles of intermediate filaments. The ultrastructural components of cells of 
different organs and tissues, located far from regions affected by a tumor, are known not 
to differ from those in normal organs and tissues either quantitatively or qualitatively. 
Some workers [9] accordingly consider that intact regions of kidney tissue can be used as an 
object for morphological study of the cytoskeleton of normal epithelial cells of the human 
kidneys (for example, during surgical removal of a hypernephroma). 

The aim of this investigation was a comparativeultrastructural study of the matrix of 
the podocytes in human renal tubules from the age aspect. 

EXPERIMENTAL METHOD 

Pieces of tissue from the intact zone of the kidney of patients with a Wilms' tumor, 
aged, 2, 4, and 6 years, and with carcinoma of the kidney, aged 37 and 65 years (six cases 
altogether) were investigated. Pieces of tissue were taken to allow for subsequent differ- 
ential study of superficial, intercortica!, and justaglomerular tubules. After fixation 
with glutaraldehyde and dehydration in alcohols the material was embedded in Epon-812. Semi- 
thin and ultrathin sections were stained with toluidine blue and lead citrate respectively. 
The sections were studied in the JEM-100B electron microscope. 

EXPERIMENTAL RESULTS 

The podocyte cytoskeleton in the kidneys of children aged 2, 4, and 6 years was identi- 
cal in structure. One of its main components is a system of microfilaments (Fig. la). The 
latter, 6-7 nm thick, joined and intersect each other to form a dense, widely branched net- 
work, penetrating throughout the cytoplasm of the podocytes and their processes. Ribosomes 
are usually found in the zones of intersection of individual microfilaments. It is sug- 
gested that these ribosomes consist of messenger RNAwhich, hy establishing communication 
between nucleus and cytoskeleton, monitor the motor responses of the cells, which are 
effected through a locomotor apparatus [4~. Stratified bundles of po~ysomes, from which 
emerge large numbers of micros evidently synthesized there (Fig. ib, c), are often 
found in the cytoplasm of the podocytes (Fig. ib, c). The latter are formed in the cytoplasm 
by polymerization from G-actin. The network of microfilaments has intimate topographic 
relations also with other organelles of the podocytes: nucleus, mitochondria, endoplasmic 
reticuium, lamellar apparatus, ~rLd also the plasma membrane. These observations are in 
agreement with data in the literature, indicating that mierofilaments, together with micro- 
tubules, participate in information transmission between the plasma membrane and the internal 
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Fig' i. System of microfilaments of renal podocytes of children aged 2, 
4, and 6 years. Legend: RG) renal glomerulus; MF) microfilaments; TP) 
trahecular process; MT) microtubules; M) mitochondria; ER) endoplasmic 
reticulum; KP) knife-like process; CAP) capillary; BM) basement membrane; 
N) nucleus; LA) lamellar apparatus; PP) polysomes. 

structures of the cell [13]. Fragments of filaments 17-19 nm thick, with transverse cross- 
striation, are observed extremely rarely in the podocytes. These fragments in podocytes of 
mammalian renal tubules, even if special methods of processing of the kidney tissue are used 
-(the inert dehydration method), as Pease [12] points out, are seen only very palely. In his 
opinion, these fragments are myosin molecules, associated with tropomyosin. The morphologi- 
cal results are in agreement with biochemical data, indicating a low concentration of myosin 
in nonmuscular cells, in which it is found in the depolymerized form and accounts for only 
1-1.5% of the total cell protein, whereas the content of actin polymers (microfilaments) 
reaches 10-15% [i0]. Microtuhules 24-25 nm thick are distributed in bundles in the podocytes 
or singly, mainly along the long axis of the cell bodies and their trabecular processes. The 
sites of "anchoring" of the microtubules to the plasmalemma of the podocytes and the multiple 
angles of their intersections and junctions of "end to side" type with microfilaments can be 
clearly distinguished. In recent years reports have been published to the effect that micro- 
tubules not only basically determine the geometric characteristics of the cell, but by their 
lengthening or shortening, they can also take part in cell movement [7]. Centrioles are well 
represented in the podocytes, where they are localized both in the perikaryon region and at 
the periphery of the cell, beneath the plasmalamma. Intermediate filaments were not found 
in the cytoskeleton of podocytes in the kidneys of children. 

In the kidneys of a person aged 37 years two podocyte populations differing in the 
structure of their cytoskeleton were noted. The first type of cytoskeleton is identical in 
structure with that described above (Fig. 2a, b). The second type of cytoskeleton is char- 
acterized by a tendency toward replacement of the reticular structure of the microfilaments 
by a bundle type. It must be emphasized that bundles of intermediate filaments, with 
separate units 8-10 nm thick, are found in the cytoplasm of these podocytes (Fig. 3a). The 
intermediate filaments are the least known component of the cytoskeleton of eukaryote cells 
[!i]. This applies mostof all to the cytoskeleton of podocytes. The fact is that glomerular 
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Fig. 2. Structure of podocytes in kidneys of a man aged 37 years. 

podocytes, together with the epithelial cells of the lens, express intermediate filaments of 
only the vimentin type [14], which are not characteristic of them. This is a rare exception 
to the generally accepted classification of intermediate filaments, according to which cells 
of epithelial nature usually contain cytokeratin filaments. Microtubules and centrioies are 
single in this second variety of cytoskeleton. 

In human kidneys at the age of 65 year s, podocytes with the second type of structure of 
their cytoskeleton are predominant. Zones of transition of hundles of intermediate filaments 
from the bodies of the podocytes, where they are arranged in a circumnucl~r manner, into 
trabecular and knife-like processes, and also their multiple junctions with the plasma membranes 
of the cell, can be clearly distinguished (Fig. 3b). 

When these results are compared with those of an ultrastructural analysis of the cyto- 
skeleton of podocytes in other mammals [2, 3, 8], the following state of affairs must be 
noted. Human kidneys contain two populations of podocytes with different types of structure 
of their cytoskeleton. The particular structural features of the podocyte cytoskeleton which 
have been found are observed equally well in both superficial, intercortical, and juxtaglomeru- 
far tubules. Type I is characterized by a branched, high-density network of microfilaments, a 
well developed system of microtubules, and single myofilaments. Intermediate filaments in 
this case are either completely absent or are so pale that they are '~nasked" by the other 
powerfully developed components of the cytoskeleton and they cannot be detected by electron 
microscopy. A similar situation with regard to detection of intermediate filaments in podo- 
cytes also occurred during the study of kidneys of other m~mnals, when it was concluded that 
special methods of investigation (immunofluorescence, immunoelectron microscopy, etc.) are 
needed for their discovery [3]. PodocYtes with the cytoskeletal organizatiorL mentioned above 
evidently function actively only in the first half of human life, for podocytes with the type 
2 cytoskeleton are more frequently observed in human kidneys at the age of 37 years. A 
bundle type of arrangement of the microfilaments, multiple bundles of intermediate filaments, 
and single microtubuies are characteristic of this type of organization of the cytoskeleton. 
In human kidneys at the age of 65 years this type of cytoskeleton of the podocytes, with 
predominance of intermediate filaments, becomes the usual pattern. It is interesting to 
note that during a phylogenetic study of the vertebrate kidney, we observed the opposite 
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Fig. 3. Structure of podocytes in kidneys of a man aged 65 years. 

tendency, namely gradual replacement of the powerfully developed system of intermediate fila- 
ments and microtubules, in the mammalian kidney [2, 3]. However, these results were obtained 
without consideration of the age factor. It can be concluded from this investigation that 
during individual development and aging, physiological changes determining the morphological 
reorganization of the podocyte cytoskeleton, which is accompanied by rapid development of the 
system of intermediate filaments and simultaneous involution of the systems of microtubules 
and microfilaments, may probably take place. 
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