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intertubular space where the tumor cells continue to prolif
crate (9).

Some ultrastructural characteristics of these primary
estrogen-dependent renal tumor cells have been described
(15). In the present study, using electron microscopic
analyses, we have observed junctional specializations of
particular interest not heretofore described. This study was
carried out in an effort to correlate the functional specializa
tions found in these tumors with those in other tissues
sensitive to steroid hormones.

MATERIALS AND METHODS

Twenty-five mature castrated male Syrian hamsters
(LVG:LAK, outbred strain, Lakeview Hamster Colony,
Newfield, N. J.) weighing 90 to 120 g were used. Tap water
and Ralston Purina laboratory chow were provided ad
libitum. The animals were acclimated for 2 weeks prior to
use. Diethyistilbestrol or estradiol-l7@ (Sigma Chemical
Co., St. Louis, Mo.) pellets (estrogen pellets were prepared
by Dr. George M. Krause, Copley Pharmaceutical, Inc.,
Boston, Mass.) were implanted subpannicularly as de
scribed previously ( I2). Additional pellets were implanted
every 3 months in each animal to maintain estrogen levels.
Tumor nodules, weighing 1 to 5 g, appeared after 8 to 10
months of hormone treatment. In I group of hamsters the
hormone pellets were removed 7 to 12 days prior to
sacrifice.

Animals were anesthetized with sodium pentobarbital
(Diabutal; Diamond Laboratories, Des Moines, Iowa) and
fixed via retrograde perfusion through the abdominal aorta
with 1.5% glutaraldehyde in 0. lM cacodylate-HCI buffer,
pH 7.4. Normal and tumorous kidneys were excised and
fixed by immersion for 1 hr at 27Â°in 3% glutaraldehyde/2%
depolymerized paraformaldehyde (Fisher Scientific Co.,
Medford, Mass.) in 0.1 M cacodylate buffer, p1-I 7.4. The
tissues were washed for 24 to 48 hr in cacodylate buffer and
then postfixed in 1% 0504 (Sigma) in 0. 1 Mcacodylate-HCI
buffer, pH 7.4. To trace extracellular spaces, other kidneys
were processed as described previously except that the fix
and wash solutions contained 2% lanthanum nitrate (Fisher
Scientific Co.) (19). These tissues were then treated with
0.03 N NaOH for 1 hr followed by postfixation with 0s04.
All tissues were dehydrated through a graded series of cold
ethanol solutions, infiltrated with propylene oxide/(Ara
ldite/Epon)(l/l, v/v), and then embedded in Araldite/Epon
(Ladd Research Industries, Burlington, Vt.) (3). Sections
(70 to 100 nm thick) were cut on a Porter-Blum MT-2

SUMMARY

Estrogen-dependent renal adenocarcinoma and normal
proximal tubules of the hamster kidney exhibit junctional
differences. Although both cell types possess gap junctions,
the neoplastic cells have in addition a cytoplasmic configu
ration of gap-junctional membrane (annular nexuses) not
found in the kidneys of untreated or estrogenized hamsters
or in the nontumorous kidney adjacent to the adenocar
cinoma. The presence of these unique structures in the renal
tumor and its abdominal metastases was demonstrated by
electron microscopy with the use of lanthanum impregna
tion. A possible correlation between these structures and the
estrogen sensitivity of the kidney neoplasm is made.

INTRODUCTION

The kidney of the Syrian hamster (Cricetus auralus) is
unique in that prolonged administration of estrogens in
duces a high incidence of renal adenocarcinoma in this
species not found in other estrogenized animals (9, 11).
Estrogen dependency of the primary renal tumor has been
shown both in vivo and in vitro(l, I 1). Both specific 8 S and
4 S cytoplasmic estrogen receptors as well as 5 S nuclear
receptors are demonstrable in estrogen-dependent primary
renal tumors in the hamster (10, 13, 22). The affinity
constant (K0) for the binding of estrogen to these tumor
receptors is in the same range as the constant of the uterine
estrogen receptors ( 10, 13). The presence of these specific
estrogen receptors in the hamster renal adenocarcinoma is a
strong indication that this tumor is an estrogen target tissue.

Histological studies indicate that the renal neoplasm
arises from the proximal convoluted tubules (9, 11). In
creased cell height, loss of cytoplasmic eosinophilia, and
nuclear clumping are characteristic of the early histogenesis
of the tumor (1 1). The transforming cells proliferate and
occlude the lumen of the tubule. This is followed by rupture
of the basement membrane, thereby providing access to the
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ultramicrotome equipped with a diamond knife. Some
sections were unstained while others were treated briefly
with uranyl acetate and/or Sato's lead (20) and examined in
a Phillips EM 200 electron microscope operated at an
accelerating voltage of 60 kV.

RESULTS

Analyses of the renal tumors reveal the presence of
distinct membrane specialization in the form of gap junc
tions (Figs. I and 2). The junctions are complementary
membrane specializations that appear pentalaminar with
the fixation and staining procedures used. The length of
these junctions is extremely variable but the cross-sectional
width of approximately 150 A is constant. A periodicity in
the central dense line is sometimes observed (Fig. 2). A zone
of low electron density is seen on I side of the junction
whenever there exists a sharp change in direction. When the
tumor tissue is impregnated with the extracellular tracer
lanthanum nitrate, the cells can be seen to be apposed to a
distance of 20 to 30 A (Fi@. 3). En face sections reveal a
lattice of subunits 80 to 90 A in diameter with a dense core
and a periodicity of approximately 100 A. This subunit
periodicity corresponds to the often observed periodicity in
routinely prepared tissues. These results establish these
membrane specializations as gap junctions and are similar
to those described previously (7, 17, 19, 21).

The junctions were generally I Mm or less long; however,
undulating gap junctions as long as 6 zm were observed in
these tumors. We frequently observed gap-junctional mem
branes to initiate finger-like processes into the adjacent
cytoplasm (Fig. 4). The projections appear to be variable in
terms of depth of penetration. The cytoplasm within the
nearly closed junctional projections may contain any of the
cellular organelles found in the cytoplasm. The junctional
process then appears to pinch off from the cell surface (Fig.
5), resulting in a spherical inclusion within the cytoplasm
(Fig. 6A). At higher magnification these inclusions retain
those parameters that are characteristic of gap junctions
(Fig. 6B). This structure has been termed the annular gap
junction or nexus.

The spherical shape of this structure appears to be
retained for a period of time, after which an irregularity in
surface configuration becomes apparent and a loss of the
zone of low electron density occurs (Fig. 7). When the renal
tumor is deprived ofestrogen for 7 to 12 days, the number of
annular gap junctions appears to decrease. This decrease is
accompanied by a corresponding increase in the number of
junctions showing undulations and loss of the clear zone.
There is evidence that at least some of these annular gap
junctions remain continuous with the cell surface, as
lanthanum has been observed to penetrate a nurhber of these
structures (Fig. 8). It is clear that most of the annular gap
junctions are discontinuous, as lanthanum usually does not
gain access when the molecule has heavily penetrated the
extracellular space in close proximity (Fig. 9).

All of the junctional features described have been ob
served in the metastases as well as in the primary lesions and
appear to be consistent characteristics of these tumors.

DISCUSSION

The gap junction has been shown to be a highly special
ized region of the plasma membrane (17). The gap-junc
tional membrane has been shown to transmit electrical
impulses and permits the passage of ions and low-molecu
lar-weight molecules (e.g., nucleotides) (4). Studies also
have been made implicating a relationship between steroid
hormones and the presence of gap junctions. An increase in
uterine smooth muscle nexuses has been noted by Bergman
(5) in ovariectomized rats following diethylstilbestrol ad
ministration. More pertinent, perhaps, is the marked in
crease in nexuses, particularly of the annular variety, in
response to estrogen in the granulosa cells in the rat ovary
(16). The presence of annular gap junctions in the wool
follicle of the sheep and the rat ovarian follicle suggests a
possible relationship between this structure and steroid
hormone sensitivity (8, 18). However, the significance of
these structures in ependymal cells of the rat brain is not
clear (6) (observation made from published electron micro
graph). The appearance of annular gap junctions in estro
gen-induced and dependent renal tumors and in their
primary metastases ofthe hamster is an interesting phenom
enon in light of these studies. Although Li et a!. (14) have
demonstrated the presence ofa small but specific amount of
4 S estradiol receptor binding in the untreated hamster
kidney, no annular nexuses have been detected thus far. It is
apparent, however, that the untreated as well as the
estrogenized kidney prior to tumorigenesis is not an estro
gen-dependent tissue in the usual sense in that both 8 S
cytosol and 5 S nuclear receptors are lacking (14). Since all
of these receptors are found in the tumor, the presence of
this unique gap-junctional membrane in this tissue may be
related to its estrogen dependency. Although estrogen
withdrawal from the renal tumor results in fewer annular
nexuses, it is not clear whether this decrease in nexus
frequency in the tumor is due to an overall degeneracy of the
tissue because of estrogen deprivation or whether it repre
sents a direct effect of this hormone on the maintenance of
these structures. We were also able to confirm the presence
of cilia in the renal tumor reported previously (15). The
proliferation of cilia in these tumors could be taken as a
response to estrogen; ciliogenesis in the monkey oviduct is
estrogen sensitive (2). Alternatively, the development of
ciliated structures in the tumor could also represent an
expression of dedifferentiation or derepression of the ham
ster kidney genome during transformation. There has as yet
been no report of annular nexuses in such estrogen target
tissues as the uterus and mammary gland. Therefore, these
structures may not necessarily be a general feature of
estrogen sensitivity.

The functional significance of annular gap junctions and
their ability to pinch off from one cell and reside in the
cytoplasm of adjacent cells remains obscure. It would be
particularly interesting to investigate the presence of such
membrane specializations in the estrogen-independent renal
tumor of the hamster. The establishment of highly devel
oped intercellular communication may be necessary for cell
proliferation in some malignant processes. It is known that
gap junctions represent areas of low-resistance electrical
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coupling (4), and such areas may aid to coordinate the
activity of tumor Ã¨ells.
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Fig. I. Renal tumor from a male hamster treated with estrogen for 10 months. Note the pentalaminar gapjunction between 2 tumor cells. Uranyl
acetate and lead, x 65,000.

Fig. 2. Renal tumor from a male hamster treated with estrogen for 9.5 months. Cytoplasm beneath concave region ofthe gapjunction reveals a zone of
low electron density (Z); arrows, periodicity in the central dark zone. Uranyl acetate and lead, x 172,000.

Fig. 3. Renal tumor from a male hamster treated with estrogen for 8 months. Gapjunction impregnated with lanthanum. Arrows, 20- to 30-A gap filled
with tracer. Enlace view reveals 90-A subunit lattice (SL). Lead, x I 14,000.

Fig. 4. Metastasestaken from the mesenteryof a male hamstertreated with estrogenfor 10months. Estrogenpelletswere removed7 days prior to
sacrifice. Gap-junctional membrane forming finger-like processes into the cytoplasm of an adjacent tumor cell. Uranyl acetate and lead, x 34,160.

Fig. 5. Renal tumor from a male hamster treated with estrogen for 10 months. Estrogen pellets were removed 7 days prior to sacrifice. Gap-junctional
membrane process into adjacent tumor cell. Pinching off process is nearly completed. Uranyl acetate and lead, x 61,500.

Fig. 6. A, low magnification of a renal tumor from a male hamster treated with estrogen for 9.5 months. Two annular gapjunctions (arrows) within the
cytoplasm of a single tumor cell. Uranyl acetate and lead, x 7,140. B, renal tumor from a male hamster treated with estrogen for 8 months. Well-formed
annular gap junction. Uranyl acetate and lead, x 56,300.

Fig. 7. Renal tumor from a male hamster treated with estrogen for 10.5 months. Estrogen pellets were removed 12days prior to sacrifice. Annular gap
junction whose membranes have change in configuration. Uranyl acetate and lead, x 51,250.

Fig. 8. Renal tumor from a male hamster treated with estrogen for 8 months. Annular gapjunction impregnated with lanthanum. Both cross-sectional
(arrows) and en face views shown. SL, subunit lattice. Lead, x 102,000.

Fig. 9. Renal tumor from a male hamster treated with estrogen for 10.5 months. Treated with lanthanum. The tracer has gained access to the
extracellular space but does not appear within the cytoplasmic gap-junctional membrane. Uranyl acetate and lead, x 48,828.
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