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ABSTRACT

Syrian hamsters were treated with diethylstilbestrol (DES), a potent
estrogen and kidney carcinogen, or ethinyl estradici (EE), a strong
estrogen but weak carcinogen, for 1-9 months. At monthly intervals their
kidneys were studied using light, immunoperoxidase, and electron micro
scopic techniques. At 5 months, DES-treated animals exhibited intersti
tial lesions composed of small round cells with a high nuclearcytoplasmic
ratio. Immunoperoxidase and ultrastructural studies showed these cells
to be similar to cells in fully formed tumors at 9 months. Early lesions
in EE-treated animals (seen as early as 1 month) were dissimilar; these
lesions appeared in the deep cortex adjacent to the renal pelvis, where
proximal tubules underwent hyperplastic changes, showing columnar
cells with large nuclei, occasional mitoses, and sloughing of apical cyto
plasm. Cells in early lesions of EE-treated animals did not resemble the
fully developed tumor in either immunoperoxidase or ultrastructural
features; although with longer treatment these tubular lesions progressed
to dysplasia (3-5 months) and severe dysplasia/carcinoma in situ (7
months), they did not form grossly visible tumors during the 9-month
study. Both early lesions identified were specific, inasmuch as they were
not observed in control animals and animals treated with /3-dienestrol
and I7u-estradiol (noncarcinogenic weak estrogens). Animals given a
combination of DES and EE showed tubular hyperplasia but not inter
stitial lesions; this finding was of particular interest because hamsters
given this combination of estrogens do not develop gross renal tumors.
These results strongly implicate the primitive interstitial cell in the
hamster kidney as the cell of origin of the DES-induced neoplasm.

INTRODUCTION

Both steroid and stilbene estrogens are known to be potent
carcinogenic agents in the Syrian golden hamster (1), and
estrogens and their metabolites have been implicated in the
induction of malignant renal tumors in this species (2-9).
However, the identity of the cell of origin of this neoplasm
remains controversial. Identification of the cell of origin is of
considerable importance if future studies of biochemical mech
anisms of hormonal carcinogenesis are to be undertaken. The
neoplasms were initially described as arising from the proximal
convoluted tubule (2, 3) or from a combination of cortical
tubular and interstitial stromal cells of the kidney (4). The
juxtaglomerular apparatus (10) and smooth muscle (11) have
also been suggested as the cells of origin. Recently, our labo
ratories have presented evidence that the cell of origin is an
interstitial cell that is committed to an epithelial differentiation
pathway (12). However, proximal tubule intraepithelial lesions
have recently been proposed to be important in the histogenesis
of this tumor (13).
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In an attempt to resolve this controversy, we undertook a
light microscopic, immunohistochemical, and ultrastructural
study of the effects of two estrogens on induction of early
lesions in the hamster kidney. The lesions induced by DES,' a

potent estrogen and carcinogen, by EE, a strongly estrogenic
but weakly carcinogenic compound, and by a combination of
the two (14) are distinctive in hamster kidneys. This paper
describes the lesions and their implications regarding the pos
sible cell of origin of estrogen-induced hamster renal tumors.

MATERIALS AND METHODS

Animals. Castrated male Syrian golden hamsters (Mesocricetus au-
ratus), noninbred, weighing 90-100 g, were purchased from HarÃan
Sprague Dawley, Indianapolis, IN. They were housed according to the
guidelines of the United States Department of Health and Human
Resources (NIH, 1985). Animals were maintained on a 12-h light:dark
cycle and fed rodent Certified chow (5002 Purina diet) and tap water
ad libitum. Pellets containing 20 mg of estrogen were implanted s.c.
into 2-month-old hamsters as described previously (15). To maintain
constant levels of estrogen, new pellets were implanted every 2.5
months. Forty-seven hamsters were treated with EE for 1-9 months;
57 were treated with DES for 1-9 months; and 26 were treated with
EE plus DES for 2-9 months. Four control hamsters, not treated with
estrogen, were examined at 9 months. Four hamsters were treated with
fi-dienestrol and four with 17Â«-estradiol,and two hamsters from each
group were examined at 5 and 9 months. Kidneys from one hamster
treated with DES for 5 months and one treated with EE for 7 months
were serially sectioned for ultrastructural analysis.

Light Microscopy. Both kidneys from each animal were examined.
In general, each kidney was quartered, fixed in 10% buffered formalin,
and embedded in four paraffin blocks. Sections were stained with H&E
for light microscopy. Two random sections from each block were
examined. We used the following classification of lesions: interstitial
focus, a cluster of fewer than 100 cytologically abnormal cells (enlarged,
hyperchromatic nuclei on H&E section) between tubules; microcarci
noma, an interstitial lesion containing more than 100 such cytologically
abnormal cells; tubular hyperplasia, a nest of cells with enlarged, pale-
staining nuclei within tubules (These cells were clearly distinct from
those in interstitial foci); tubular dysplasia, cell type similar to that in
tubular hyperplasia, but cell number increased so as to show prominent
cell crowding (Nuclei showed increased staining and abnormal shape
and position within the cell); severe dysplasia/carcinoma in situ, cyto
logically abnormal cells completely filling renal tubules. It is not pos
sible to distinguish between severe dysplasia and carcinoma in situ
without further biological testing (e.g.. nude mice studies).

Immunohistochemistry. All immunohistochemical staining was car
ried out using the biotin-streptavidin-peroxidase technique (Biogenex
Biotin-StreptAvidin universal kit XP515-5M or XP515-5R, Dublin,
CA). The primary antibodies were monoclonal (mouse) anti-vimentin,
polyclonal (rabbit) anti-desmin, and polyclonal (rabbit) anti-cytokeratin
(all from Dako Co., Santa Barbara, CA). In addition, polyclonal anti
bodies to the antioxidant enzymes Cu.Zn-, and Mn-superoxide dismu-

1The abbreviations used are: DES. diethylstilbestrol; EE, ethinyl estradici;
PCNA. proliferating cell nuclear antigen: TBS. Tris-buffered saline: MnSOD.
manganese-superoxide dismutase; CuZnSOD. copper.zinc-superoxide dismutase:
H&E, hematoxylin and eosin.

1922

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/7/1922/2446822/cr0510071922.pdf by guest on 19 M

ay 2023



ESTROGEN-lNDl CED KIDNEY TUMORS

Table 1 Kidney pathology after estrogen therapy

Exposure
(mos)123456789TotalIFÂ»0/7*0/70/70/74/12'5/8*ND2/3'1/6'12/57TH*0/70/70/70/70/120/8ND0/30/60/57DESTD0/70/70/70/70/120/8ND0/30/60/57CIS0/70/70/70/70/120/8ND0/30/60/57Tumor'0/70/70/70/70/123/8ND2/34/69/57IF0/30/30/70/70/80/40/9ND0/60/47TH3/33/37/77/78/84/49/9ND6/647/47EETD0/30/35/73/74/84/47/9ND5/628/47EE

+DESCIS0/30/31/72/70/82/45/9ND3/613/47Tumor0/30/30/70/30/80/4\lÂ¥ND0/61/47IFND0/30/30/70/30/40/4N

D0/20/26THND0/33/37/73/34/44/4ND2/223/26TDND0/30/34/72/34/44/4ND2/216/26CISND0/30/30/70/31/43/4ND2/26/26TumorND0/30/30/70/30/40/4ND0/20/26

" IF. interstitial foci; TH. tubular hyperplasia: TD. tubular dysplasia: CIS. severe dysplasia/carcinoma in situ: ND. not determined.
h A kidney was classified as having tubular hyperplasia only if more than 4 adjacent tubules were involved.
' Both grossly visible tumors and microscopic cancers included in this category. To be classified as a microcarcinoma. 2100 cytologically abnormal cells must be

present; <100 cells were classified as an interstitial focus.
d Number of animals with indicated pathology/number of animals examined by light microscopy.
' Positive animals often showed multiple foci,

microcarcinoma was observed.

tase and catalase were used. The specificities of these antibodies have
been demonstrated (16, 17). Finally, monoclonal antibody to PCNA
(cyclin) (Boehringer Mannheim, Indianapolis, IN) was studied (18).

All tissues were fixed in 4% formaldehyde in phosphate-buffered
saline, except those to be stained with anti-PCNA, which were fixed in
Carnoy's fixative. Tissues were embedded in paraffin. Four-/jm paraffin

sections were mounted on glass slides coated with poly-l.-lysine (Sigma,
St. Louis, MO) to prevent detachment. Paraffin sections were depar-
affinized in three changes of xylene, 2 min each, and 100cr ethanol.
Endogenous peroxidase activity was blocked by a 5-min incubation in
1% H2O2-methanol. Slides were rehydrated in an ethanol series (1 min
each in 100, 95, 70, and 50/t ethanol) and 1 min each in distilled water
and 0.05 M TBS (pH 7.4. 32Â°C).Paraffin sections to be stained with

anticytokeratin and antidesmin were treated with ficin (Sigma), 1:100
dilution, for 15 min to enhance staining (12). Paraffin sections to be
stained for other antibodies were not treated with ficin. All sections
were treated with a blocking agent, 10% normal goat serum, for 20 min
to reduce nonspecific staining of the bridging antibody. Sections were
incubated with the primary antibody overnight at 4Â°Cand rinsed with

TBS for 2 min. They were then treated with bridging antibody (bioti-
nylated goat anti-rabbit for desmin. cytokeratin. and antioxidant en
zymes and goat anti-mouse for vimentin and PCNA), 1:100. for 30
min. Slides were rinsed twice for 2 min with TBS and incubated with
the streptavidin-peroxidase complex (1:100) for 30 min. They were
then rinsed three times in TBS for a total of 6 min, after which the
chromogen diaminobenzidine (0.025% in TBS) was added together
with a 3% aqueous solution of H2O2.Color development was monitored
and stopped after 3-10 min, depending on the control. Slides were
rinsed in TBS, counterstained in 1% Harris hematoxylin for 5-10 s,
rinsed, and dehydrated. Coverslips were mounted with Permount. Du
plicate slides were prepared for each stain.

The specificity of the antibodies was determined by simultaneously
staining slides from newborn hamster and adult human tissue. Both
controls showed identical staining of squamous epithelium with anti-
keratin antibodies, of arterial muscle with antidesmin antibodies, and
of stroma of intestinal villi with antivimentin antibodies. The specificity
of the antioxidant enzymes was demonstrated by Western blot analysis
of hamster tissue homogenates (19). Anti-PCNA specificity was dem
onstrated by nuclear staining of the crypts but not villi of hamster small
intestine.

After identification of interstitial foci and tubular hyperplasia by
light microscopy, five blocks were serially sectioned and processed for
immunohistochemistry. The blocks were from animals treated with
DES for 6-9 months that had both early lesions, allowing comparison
of the lesions in the same section and simultaneous comparison of the
lesions to nearby tubules.

L'ltrastructural Analysis of Early Lesions. For electron microscopic

study of early lesions, we developed a two-step process: (a) tissues were
embedded in plastic and scanned with a light microscope; and (/>)when

foci were found, tissue was further processed for electron microscopy
(12).

Serial longitudinal sections 0.5 mm thick were cut from whole
glutaraldehyde-perfused kidneys (12). These were dehydrated in an
ethanol series and embedded in Epon 812. A routine rotary microtome
(American Optical model 820) with a stainless steel knife was used to
cut sections 2 ^m thick. These were stained with toluidine blue and
scanned for small early foci. When such a lesion was found, a 20-^m
section was cut and the lesion was isolated. The isolated interstitial or
tubular lesion was attached to the tip of a polymerizing Epon 812
capsule and allowed to harden, after which thin sections for electron
microscopic study were cut with an LKB ultramicrotome (Ultratome
NOVA. LKB 2188, Bromma. Sweden). Copper grids were stained with
lead citrate and uranyl acetate and observed in a Hitachi H-300 electron
microscope.

RESULTS

HistolÃ³gica! Evaluation of Syrian Hamsters Exposed to DES
or EE. Multiple paraffin-embedded microscopic sections from
each of 57 animals treated with DES and 47 animals treated
with EE were stained with H&E and examined by light micros
copy. The animals had been treated for 1-9 months.

DES-treated animals developed their first lesions, "intersti
tial foci," at 5 months (Table 1). Macroscopic tumors were not

detected until 8 months. The typical early lesions were round
nests of small, crowded cells with hyperchromatic nuclei and a
small amount of cytoplasm. They were always found in the
interstitium, i.e., between tubules, and generally separated from
them by a small amount of connective tissue (Fig. IA). We
were unable to demonstrate direct connections between inter
stitial foci and well developed tubules. Interstitial foci were
usually found in the vicinity of large blood vessels, either a
segmental artery or vein or a large lymphatic channel. In a few
cases, the nerve trunk innervating the blood vessel was adjacent
to the interstitial focus (Fig. 2/4). Ultrastructural analysis of
early lesions showed small cells with scant cytoplasm and no
differentiation features except for some primitive desmosomes
(Fig. 2A). These cells had a very high nucleus:cytoplasm ratio.
The cytoplasm contained a small number of small mitochon
dria, scanty rough endoplasmic reticulum, occasional fat drop
lets, and a small Golgi apparatus.

Animals treated with ethinyl estradiol showed a very different
series of morphological changes. After only 1 month of treat
ment (Table 1), there were consistent changes in a subset of
proximal tubules. These tubules, present in the deep cortex and
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Fig. 1. Light microscopic morphology of estrogen-induced early lesions. (A) DES-induced interstitial lesion at 5 months. Interstitial focus (IF) is between well
developed tubules. Cells appear crowded and have very little cytoplasm. H&E, x 596. (B) EE-induced tubular lesions at 7 months. Tubular hyperplasia (TH), tubular
dysplasia (TD), and severe dysplasia/carcinoma in situ (CIS) are all present in this section. Tubular hyperplasia is characterized by the appearance of glands with
basal nuclei and apical cytoplasm. Nuclei are regular and mitoses may be present. Tubular dysplasia is characterized by multilayered cells with irregular nuclei, often
with prominent nucleoli. Severe dysplasia/carcinoma in situ is characterized by small cells, with irregular nuclei having prominent nucleoli, completely filling tubules.
H&E. x 596.

adjacent to the renal pelvis, were often directly connected to
glomeruli. The affected tubules showed hyperplastic changes
(Fig. IB). The basally located nuclei were larger and had more
dispersed chromatin than nuclei of adjacent proximal tubular
cells. The hyperplastic cells had more apical cytoplasm than
cells of neighboring tubules, their nuclei were more crowded,
and mitoses were easy to identify. All animals treated for 1-9
months showed these alterations. Ultrastructural examination
of tubular hyperplastic cells showed large oval nuclei with
relatively dispersed heterochromatin and an occasional promi
nent nucleolus (Fig. IB). There was a large amount of cyto
plasm but a relative paucity of mitochondria compared to
normal proximal tubules. However, mitochondria were larger
and more numerous than those in interstitial cell lesions (Fig.
2A versus Fig. 2B). There were abundant free ribosomes in the
cytoplasm. Cell membranes between adjacent cells showed well
developed desmosomes. The cell surface showed numerous
microvilli, but they were shorter than those observed in normal
proximal tubules. There was a basement membrane at the basal
surface of these cells. From 4 months on, however, additional
morphological changes were observed. In focal areas, nuclei
showed variation in size and loss of their basal orientation. In
addition, there was focal multilayering of the tubular epithelium
(Fig. IÃŸ).Tubular dysplastic changes became more frequent as

the length of exposure to EE increased (Table 1). As early as 4
months, we observed severe dysplasia/tubular carcinoma in situ,
composed of dysplastic cells with prominent nucleoli and varied
nuclear size and shape, completely filling tubules (Table 1).
However, even at 9 months they did not develop grossly visible
tumors. In only one animal treated with EE for 7 months did
we find an interstitial microcarcinoma similar to those devel
oped by DES-treated animals, consistent with a low tumor
incidence with this synthetic estrogen.

An occasional animal treated with DES for 6-9 months
showed a single tubule or two adjacent tubules with hyperplastic
or dysplastic changes resembling those commonly seen in EE-
treated animals. However, these lesions were very rare and
always developed later than the interstitial lesions. We never
observed a direct connection between these rare tubular lesions
in DES-treated animals and invasive cancer. Since these lesions
did not involve multiple adjacent tubules as observed in EE-
treated animals, we did not classify them as tubular hyperplasia
in Table 1.

Control animals examined at 9 months and animals treated
with ÃŸ-dienestrol or 17Â«-estradiol did not show interstitial
lesions, tubular lesions, or tumors.

Effect of Ethinyl Estradici on DES-induced Early Lesions. Of
26 animals treated with the combination DES plus EE, none
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ESTROGEN-INDUCED KIDNEY TUMORS

developed any of the lesions typically induced by DES alone;
i.e., no animal showed interstitial lesions during the first 5
months or developed carcinomas at 9 months (Table 1). Con
versely, the longer the animals were treated with DES plus EE,
the higher was the incidence of EE-type lesions such as proxi
mal tubular hyperplasia, dysplasia, and severe dysplasia/carci-

noma in situ (Table 1).
Immunohistochemistry. Immunohistochemical studies were

performed on kidneys from DES-treated hamsters at 5 and 9
months (3 and 2 animals, respectively), and from EE-treated
animals at 7 and 9 months (3 and 1 animals, respectively).
Blocks from 5 additional animals given DES for 6-9 months
were serially sectioned and early lesions were immunostained.
The results of these studies are presented in Table 2. All early
interstitial foci showed similar immunostaining for all markers
except keratin. All tubular hyperplastic lesions also showed
similar immunostaining. Therefore, for the seven markers used,
there was very little heterogeneity between early foci, even
though the two types of foci stained quite differently.

We used antibodies to intermediate filaments [as markers of
cell lineage], antioxidant enzymes [as markers of cell differen
tiation (20),] and proliferating cell nuclear antigen [as a marker
of cell proliferation] to compare interstitial foci, tubular hyper
plasia, tumor, and normal proximal tubules. Vimentin and
desmin were strongly positive in DES-induced interstitial foci
and renal tumors (Fig. 3, A, C; Table 2) but were negative in
EE-induced tubular hyperplasia (Fig. 3, B, D) and normal

Table 2 ImmiHIOptroxidlUt staining oj early lesions and renal tumor"

AntibodyVimentinDesminKeratinMnSODCuZnSODCatalaseProliferating

cellnuclearantigenEE-induccdtubularhvpcrplasia(n

=9)004+02+trtrDES-in

ducedinterstitialfocus(n

=8)3+3+tr-l

+0002+DES-inducedrenal

tumor<Â«
=2)3+3+2-3+0(i(i4+Proximaltubule<n=14)00tr4+2+3+tr

Â°Staining scored on scale of 0 (negative) to 4+ (strongly positive); tr. trace.
Cytokeratin staining was slightly variable in DES-induced interstitial foci and
renal tumors. With this exception, all (I00r;) specimens of a given type showed

identical immunohistochcmical profiles.

proximal tubules. The results with an anti-pancytokeratin an
tibody that recognizes cytokeratins 1-19 were complex. The
normal proximal tubule showed light cytoplasmic staining for
keratin, whereas the EE-induced tubular hyperplastic lesion
exhibited heavy cytoplasmic staining (Fig. 3F). The earliest and
smallest DES-induced interstitial lesions showed trace im
munostaining for cytokeratin (Fig. 3Â£),but larger interstitial
foci were more positive. In contrast, larger tumors showed
moderate staining for cytokeratin (Table 2).

The normal proximal tubule demonstrated heavy granular
cytoplasmic staining for manganese-superoxide dismutase

Fig. 2. Ultrastructure of estrogen-induced early lesions. (A) Electron microscopy of DES-induced interstitial focus at 5 months. Nuclei are irregular. There is a
very high nuclear-cytoplasmic ratio. Occasional primitive junctions are identified (arrows). Cytoplasm contains a few mitochondria and a small amount of rough
endoplasmic rcticulum. Some cells have a small Golgi apparatus. I'ranyl acetate and lead citrate, x 2300. (A) EE-induced tubular hyperplasia at 7 months. Although
cells resemble proximal tubules, there arc several prominent differences. Microvilli (MV) are numerous but less elongated than in normal proximal tubules. There are
fewer mitochondria and more apical cytoplasm than normal. Dcsmosomes (arrows) are well developed. A basement membrane is seen beneath the cells. Uranyl
acetate and lead citrate, x 2300.
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Fig. 3. Immunohistochemistry of early le
sions. (A, C, E, G, /) DES-induced interstilial
lesions. (B. D, F, H. J) EE-induced tubular
hyperplasia. (.-4.B) Antivimentin. Interstitial
lesions (A) Â»erestrongly positive for vimentin.
whereas tubular hyperplasia (B) Â»as com
pletely negative. (C, D) Antidesmin. Intersti
tial lesions (C) were strongly positive for des-
min. whereas tubular hyperplasia (D) Â»ascom
pletely negative. (E, F) Anti-pancytokeratin.
interstitial lesions (E) Â»ere slightly positive
for keratin. In contrast, tubular hyperplasia
(F) showed strongly positive staining. (G. H)
Anti-MnSOD. Interstitial lesions (G) and tu
bular hyperplasia (//) were negative for
MnSOD. (/, J) Normal rabbit serum. No stain
ing is seen. Similar results were obtained with
normal mouse serum. PT. proximal tubule:
TH, tubular hypcrplasia; IF. interstitial focus.
X486.
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(MnSOD) (Fig. 3(7), whereas DES-induced interstitial lesions proximal tubules and trace staining in EE-induced tubular
(Fig. 3(7), EE-induced tubular hyperplasia (Fig. 3//), and DES- hyperplasia, whereas DES-induced interstitial lesions and DES-
induced renal tumor were all negative (Table 2). Staining with induced renal tumors were negative (Table 2). The normal
antibody to catalase showed moderate granular staining in proximal tubule and EE-induced tubular hyperplasia both
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ESTROGEN-INDUCED KIDNEY TUMORS

showed diffuse cytoplasmic staining for copper,zinc (CuZn)
SOD, whereas DES-induced interstitial lesions and DES-in-

duced renal tumor were negative (Table 2).
In those rare instances in which tubular hyperplasia was seen

in DES-treated animals, we observed immunostaining charac
teristics identical to those of hyperplastic or dysplasic tubules
from animals treated with EE and very different from the typical
DES-induced interstitial foci or renal tumors. That is, these
rare DES-induced tubular lesions were negative for vimentin,
desmin, and MnSOD and positive for keratin, CuZnSOD, and
catalase. Five blocks containing both early lesions were serially
sectioned, immunostained, and lightly counterstained. These
serial sections clearly distinguished normal proximal tubules,
tubular hyperplasia, and interstitial foci on the basis of their
immunoperoxidase features (Table 2). Further, although direct
connections between normal proximal tubules and tubular hy
perplasia were observed, we never observed connections be
tween interstitial foci and normal proximal tubules.

Anti-PCNA showed a large number of cells with nuclear
staining in the DES-induced renal tumor (Fig. 44) and a
moderate number of cells with positive nuclei in the DES-
induced interstitial lesion (Fig. 4C). In contrast, only a few
nuclei were stained in the normal proximal tubule or EE-
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Fig. 4. Iinmunohistochemistry using anti-PCNA antibody. (A) DES-induced
renal tumor, showing many positive-staining nuclei (arrows). (B) DES-induced
renal tumor, normal rabbit serum control. All nuclei are negative (C) DES-
induced interstitial lesion, with several positive nuclei (arrows). (D) EE-induced
tubular hyperplasia. Almost all nuclei are negative. In this micrograph, a rare
positive nucleus (arrow) is shown. Supranuclear cytoplasmic staining is apparent;
this was not seen in controls, x 596.

induced tubular hyperplasia (Fig. 4O). Hyperplastic tubule le
sions often showed intense supranuclear immunostaining with
anti-PCNA, but the significance of this finding is not clear.
Controls stained with normal serum showed neither nuclear
nor cytoplasmic staining.

DISCUSSION

A previous study from our laboratory using light, immuno-
histochemical, and ultrastructural techniques concluded that
the cell of origin of the DES-induced renal tumor was an
interstitial cell committed to an epithelial differentiation path
way (12). Hacker et al. (11) also concluded that the site of
origin was the renal interstitium, although they concluded in
addition that the renal tumor was of smooth muscle origin.
More recently, Goldfarb and Pugh (13) suggested that the
proximal tubule cell is involved in the histogenesis of this
neoplasm.

Since no early tubular changes were seen previously (12), the
effects of different estrogens on renal tumorigenesis were ex
amined. A potent estrogen and carcinogen, DES, was compared
with EE, a potent estrogen that is only weakly carcinogenic (7).
The results clearly demonstrate two different and specific le
sions: an interstitial lesion induced by DES; and a tubular lesion
induced by EE (Fig. 5). This finding of two distinct lesions
induced by different estrogens is unique. The lesions described
are specific. They are not observed in control animals or animals
treated with noncarcinogenic weak estrogens such as ÃŸ-dienes-
trol or 17Â«-estradiol. Since this study we have examined five
additional animals given 0-dienestrol or 17Â«-estradiol for 9
months and these also did not show early lesions.4 We cannot

rule out the possibility that higher doses of these weak estrogens
or longer treatment would have produced early lesions.

The question arises as to which of these early lesions is
preneoplastic. This study and our previous study (12) strongly
suggest that the interstitial lesion is the precursor of DES-
induced renal cancer for the following reasons: (a) the fully
developed renal tumor has similar ultrastructural characteristics
(12) to the early interstitial lesion, specifically, the presence of
small cells without differentiation features other than desmo-
somes; (b) the immunohistochemical profile of the early inter
stitial lesion and the late tumor are similar and are very different
from that of the EE-induced tubular hyperplasia; (c) both the
tumor and the interstitial lesion show high proliferative activity
(anti-PCNA staining); (d) simultaneous treatment of hamsters
with EE and DES results in absence not only of gross tumors
[this study and Ref. 14] but also of microscopic interstitial foci,
arguing that the two lesions are causally related. Taken to
gether, these arguments strongly suggest that the cell of origin
is in the renal interstitium and not in the proximal tubule.

Using immunohistochemical techniques, the interstitial foci
induced early by DES and the fully developed DES-induced
tumors appeared nearly identical and very dissimilar from both
normal proximal tubules and EE-induced tubular hyperplasia.
The difference in cytokeratin staining between early interstitial
lesions and tumors is correlated with the increase in epithelial
differentiation in large tumors ( 12). Earlier ultrastructural stud
ies demonstrated that early foci of small cells differentiate into
large epithelial cells as the tumor enlarges. Further, cell culture
studies in our laboratory have demonstrated that small cells in
tumors can directly differentiate into cells with epithelial char
acteristics such as expression of cytokeratin.4 Why EE-induced

4 Unpublished observations.
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Fig. 5. Morphological events in development of early lesions.

tubular hyperplasia showed stronger immunostaining for cyto-
keratin than adjacent tubules in the present study is
unexplained.

The interstitial lesions induced by DES and the tubular lesion
induced by EE are similar in their lack of MnSOD. Recent
studies in our laboratory suggest that MnSOD is a marker of
epithelial cell differentiation (20, 21), and this topic has recently
been reviewed by Allen and Balin (22). We have demonstrated
that in cell renewal systems, MnSOD is found in differentiated
but not stem cells. For example, in the small intestine, the villi
are positive, whereas the crypt cells are negative (22, 23).
Similarly, we have observed that MnSOD is not present in the
kidney during fetal development but does appear 1 day after
birth in the earliest developing proximal tubules of the deep
cortex (20). Therefore, the negative findings for MnSOD in
both DES-induced interstitial foci and tubular hyperplasia prob
ably indicate that these cells are not terminally differentiated
and suggest the possibility that both of these cell types may be
precursor lesions (see Fig. 5).

Interpretation of the cell of origin using immunohistochem-
ical data may not always be accurate, because it is always
possible that changes in gene expression occur that do not
reflect cell lineage. Since this argument may be made for any
immunohistochemical marker, in the future we will focus on
tissue culture experiments to identify the cell of origin. We are
developing techniques to immortalize and clone single cell types
from adult hamster kidney.5 If only one cell type can be trans

formed by estrogens, then it must be the presumed cell of
origin. If multiple cell types can be immortalized and trans
formed, only the cell type of origin should yield tumors im-
munohistochemically and ultrastructurally identical to the es
trogen-induced tumor when cloned and implanted into
hamsters.

' Unpublished results.

Animals treated with EE do develop severe dysplasia/carci-
noma in situ. It is possible to speculate that with sufficient time
(beyond 9 months), true neoplasms would result (Fig. 5, bottom
half). We have observed one tumor in an animal given EE for
12 months. This tumor was an embryonal carcinoma similar to
those in animals treated with DES.5 In this same kidney, foci

of nonneoplastic tubular hyperplasia were present. This sug
gests that even in animals given EE for prolonged periods, the
uncommon kidney tumors that result arise from the interstitial
cell rather than from the proximal tubule.

The present study differs from that of Goldfarb and Pugh
(13) in two important ways, (a) They interpret solid foci of cells
surrounded by basement membrane in DES-treated animals as
"carcinoma in situ," whereas our earlier ultrastructural study

(12) showed quite clearly that those were interstitial foci of cells
resembling blastema, with none of the morphological features
of proximal tubular cells. We agree with these workers that
occasional tubules show hyperplasia in animals given DES, but
these lesions are very rare and develop late, (b) We did not
observe any tubular lesions in hamsters given DES for 2.5
months. Goldfarb and Pugh argue that the reason for our
differences in interpretation lies in our method of kidney sec
tioning. In fact, we used the same technique. Our present studies
using combined light microscopy, immunohistochemistry, and
electron microscopy definitively demonstrated two early
lesions.

In summary, the present study contributes two important
findings: (a) the source of the DES-induced renal tumor is most
likely the interstitial cell; and (b) different estrogenic hormones
can specifically affect different cell types. It also provides a
morphological rationale for the low incidence of renal tumors
in EE-treated hamsters (10%) compared to DES-treated ham
sters (100%). EE consistently affects tubular cells deep within
the cortex and uncommonly results in formation of interstitial
cell foci, whereas DES treatment yields numerous interstitial
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cell foci and only rarely affects the deep tubular cells in the
cortex. The reason for the differential response of the two cell
types to different estrogens is not known. One possibility is
simply that DES binds avidly to the interstitial cell, while EE
binds to the tubular cell. A second possibility is that the inter
stitial cell may metabolize estrogens differently than the tubular
cell (6, 7). Recently, we have demonstrated that while both EE
and DES stimulate hamster proximal tubular cell proliferation
in culture, antioxidant enzyme-containing liposomes suppress
DES-induced but not EE-induced cell proliferation (24). There
fore it is probable that the two estrogens have different effects
on the metabolism of proximal tubular cells in culture. Further
studies will be necessary to explain why EE and DES affect
different cell types in vivo and why EE prevents DES-induced

carcinogenesis.
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