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Fifteen primary renal adenomas induced with 1,2-dimethylhydrazine in CBA mice and
3 passages of adenomas transplanted subcutaneously were examined by electron micros-
copy. A well-developed brush border was found in one primary adenoma, this being
in line with histochemical data on the presence of markers of the proximal canaliculi
epithelium in this tumor. In other tumors a reduced brush border (5 cases) and apical
canaliculi (14 cases) were revealed, which are typical of the proximal canaliculi epi-
thelium. The ultrastructure of the types of adenoma cells is described. Atypical tumor
cells with intracellular lumina were found in transplanted adenomas
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The possibility of renal-cell tumor (RCT) histogen-
esis from stem cells has been discussed more than
once [1,5]. The capacity of stem cells and of renal
canaliculi epithelium precursor cells for differentiati-
on in highly specialized elements of the proximal, fi-
ne, and distal segments of the nephron allows us to
assume that RCT could develop according to the his-
tological characteristics of each canaliculus. Characte-
ristic features of the epithelium of the proximal or dis-
tal canaliculi [2,7-9,13] and collecting tubules [12,
13] can be detected in human and animal RCT.
Previously we presented histochemical and im-
munohistochemical data on the histogenesis of 1,2-
dimethylhydrazine (DMH)-induced renal adenomas
in CBA mice [2,13]. Only one out of 48 tumors
examined possessed features of the proximal canali-
culi epithelium. All the others showed homology
of tumor cells to the distal canaliculi or collecting
tubule epithelium [2,13]. This prompted us to in-
vestigate the ultrastructure of such tumors. At the
submicroscopic level, there are clear-cut criteria for
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identification of the epithelium of the proximal
canaliculi: brush border, numerous tubular invagi-
nations (apical canaliculi) in the apical regions of
the cytoplasm, and associated vacuoles of varying
size and electron density [4].

MATERIALS AND METHODS

Fifteen RCT of CBA mice used in previous stud-
ies [2,13] were examined under the electron mi-
croscope. In addition, 3 passages of a primary tu-
mor (illustrated in our earlier papers [2,13]) sub-
cutaneously transplanted to syngeneic mice were
examined. Primary RCT were induced by repeated
subcutaneous injection of DMH in a dose of 8
mg/kg [2,13]. The material was fixed in 0.1 M
phosphate buffer, postfixed in 1% osmium tetrox-
ide in the same buffer, and embedded in an epon-
araldite mixture. Three tumors were obtained from
histopathological archives; two of them were stored
in neutral formalin and one in castor oil.

RESULTS

Our previous histochemical and immunohistoche-
mical studies had demonstrated markers of the dis-
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Fig. 1. Ultrastructure of tumor cells of experimental renal adenomas in mice. @) brush border of the
proximal canalicular epithelium in intact murine kidney; long microvilli tightly adhere to one other; the
apical part of the cytoplasm contains apical canaliculi and numerous small vacuoles. x15,000; b} brush
border in adenoma with histochemically detected markers of the proximal canalicular epithelium; microvilli
are seen on the entire apical surface of the epithelium despite the poor condition of the material obtained
from archives. x30,000; c) reduced brush border in adenoma, microvilli cut obliquely and crosswise.

x15,000; d) reduced brush border in subcutaneously transplanted renal adenoma, second passage. x20,000;
¢, d) adenomas with histochemical markers of the distal canaliculi.

tal canaliculi or collecting tubule epithelium in all mor with markers of the proximal canaliculi epi-
studied tumors but one, whereas markers of the  thelium was not well preserved, electron micros-
proximal canaliculi were absent [2,13]. Despite the  copy showed a distinct brush border. Normally the
fact that the ultrastructure of this one archival tu-  brush border of the proximal canaliculi is rather
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high (Fig. 1, a). In the studied tumor it was some-
what lower but, as in health, microvilli covered the
entire apical surface of cells, adhering quite closely
to each other (Fig. 1, b). In five other tumors
with immunohistochemical markers of the distal
canaliculi microvilli covered just some areas of the
apical surface of tumor cells, being absent or
sparse in other places. Slitlike lumina into which
the reduced brush border was directed were seen
in the same tumors (Fig. 1, ¢). This border con-
sisted of a few closely adhering microvilli (Fig. 1,
¢). A reduced brush border was found in the sec-
ond passage of the transplanted tumor, which cor-
responded to the distal canaliculi in immunohis-
tochemical parameters (Fig. 1, d).

In the examined tumors we found tubular in-
vaginations and small vacuoles, which are typical of
the apical regions of the proximal canaliculi epithe-
lium in health; these structures were seen in cells
both with and without reduced brush border. In
some cases they were numerous, filling an appre-
ciable part of the cytoplasm (Fig. 2, a). The con-
tents of tubular invaginations are, as a rule, electron-
transparent. The lumen of invaginations was fre-
quently narrowed in the upper part, so that they
acquired a dumbbell-like or club shape. Such for-
mations may also be encountered in the normal
epithelium of the proximal canaliculi. The causes of
the marked increase of their number in the cyto-
plasm of renal adenomas merit special study.

The histogenesis of renal adenomas and can-
cer is still unknown. The hypothesis that RCT
originate mainly from the proximal canalicular
epithelium [7,11] has had to be rejected. It has
been demonstrated in many studies that, according
to their characteristics, tumor cells may correspond
to the epithelium of both the proximal and distal
canaliculi and collecting tubules [2,8,12,13]. This
conclusion is based on studies of tumor ultrastruc-
ture and histochemical and immunohistochemical
features. For example, nitrosomorpholine injected
to rats was found to induce renal tumors possess-
ing the histological characteristics of the epithelium
of not only the proximal canaliculi, but also the
distal canaliculi and collecting tubules [3].

The presence of tumor cells of differently di-
rected differentiation in the tumors we studied is
not easy to explain. According to the concept of
RCT origination from precursor cells, their daugh-
ter cells should to acquire the antigenic and mor-
phological characteristics of different portions of the
nephron in the same tumor. Another variant is
possible: due to tumor transformation, abnormal
gene expression may be observed in tumor cells,
and in such a case cells with signs of epithelium
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of the proximal and distal canaliculi and the col-
lecting tubules may occur in one and the same
tubular structure of the tumor [8].

Chromophobic, basophilic, acidophilic, and
clear cells are distinguished in renal adenomas of
rats [3,6]. Renal tumors consisting of oncocytes
have also been observed in rats [3]. A specific
tumor cell type is shown to correspond to each
nephron compartment [3].The proximal canaliculi
give rise mainly to basophilic-cell tumors in rats,
whereas the clear-cell variant of tumors and
oncocytomas probably originates from the distal
canaliculi and collecting tubules [3]. All cell vari-
ants of tumors observed experimentally have been
found in humans as well [3].

All the cell types mentioned, except oncocy-
tes, were detected at the ultrastructural level in
renal adenomas of mice. Numerous vacuoles were
seen in the cytoplasm of chromophobic cells. The
cytoplasm of basophilic cells was filled mainly
with free polysomes and canaliculi of granular cy-
toplasmic reticulum, whereas the cytoplasm of aci-
dophilic cells contained numerous mitochondria.
One type of clear cells was frequently observed in
the tumors we examined. Their cytoplasm con-
tained a large quantity of glycogen granules (Fig.
2, b) or accumulations of lipid corpuscles (Fig. 2,
¢), or both. Such cells were described in detail for
rat RCT [3]. The appearance of this type of clear
cells seems to be caused by disturbed energy me-
tabolism in the tumors [3].

The transplanted murine RCT which we ex-
amined frequently contained well-differentiated cells
with rather large numbers of mitochondria in the
cytoplasm and canaliculi of the granular cytoplas-
mic reticulum. Atypical tumor cells were found in
the same tumors (Fig. 2, d). Homogeneously dis-
tributed uncondensed chromatin was seen in the
nucleus and very few organelles in the cytoplasm.
In addition, there were cells with intracellular lu-
mina in the cytoplasm. A few microvilli could be
discerned on the surface of these lumina. Such
intracellular gaps may occur in tumors of different
origin and may be indicative of increasing malig-
nancy [10]. In our experiments transplantation of
the renal adenomas probably led to the increase of
tumor malignancy, as was confirmed by the ap-
pearance of atypical tumor cells and intracellular
lumina in the transplants.

The immunochistochemical and electron-micro-
scopic data were in complete agreement in only
one of the tumors we observed; this tumor yielded
a positive response to y-glutamyltranspeptidase, a
marker of the proximal canaliculi, and a negative
reaction to A6 antigen, a marker of the distal
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Fig. 2. Ultrastructure of tumor cells of experimental renal adenomas with histochemical markers of
the distal canaliculi. @) numerous structures similar to apical canaliculi in the cytoplasm. x20,000; b)
accumulation of glycogen particles in the cytoplasm of a clear tumor cell. x40,000; c) lipid corpuscles
in the cytoplasm of a clear tumor cell. x30,000; d) atypical tumor cells with atypically shaped processes
in transplanted renal adenoma, second passage. x20,000.

canaliculi and collecting tubules. A well-developed  study revealed a brush border, albeit a reduced one,
brush border was detected at the ultrastructural in many of them.

level (Fig. 1, ). No agreement of this kind was
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