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Summary.-Forty-six separate renal tumours developed in 36/80 Wistar male
rats given a single i.v. dose of streptozotocin (25 mg/kg body wt) to induce diabetes
mellitus. Fourteen of the tumours were epithelial in type, 8 were wholly mesenchymal
and 24 were largely mesenchymal but also contained epithelial elements. The purely
epithelial tumours correspond to the renal adenomas and adenocarcinomas seen
in man. The mesenchymal tumours were composed either of undifferentiated spindle
cells or of a mixture of poorly differentiated mesenchyme and epithelial glands.
Microscopically, the mixed tumours resembled the nephroblastomas seen in man;
both elements appeared to be malignant, but in the absence of metastases this
remains unproven. The management of the diabetic state did not influence the
incidence of tumours, but insulin appeared to enhance tumour growth.

STREPTOZOTOCIN (an N-nitrosomethyl-
amide) is chemically related to dimethyl-
nitrosamine (an N-nitrosodimethylamine)
and the latter compound is known to
induce both adenocarcinomas and malig-
nant mesenchvmal tumours in rat kidneys
(Magee and Barnes, 1959, 1962; Riopelle
and Jasmin, 1969; Hard and Butler,
1970a, 1971). Streptozotocin is an anti-
biotic isolated from Streptomyces achro-
mogenes (Herr et al., 1960) and is a
diabetogenic compound with a direct
toxic action on pancreatic f cells (Rakie-
ten, Rakieten and Nadkarni, 1963; Jurod
et al., 1967; Karunanayake et al., 1967).
This toxic action has been utilized thera-
peutically in man in the treatment of
islet-cell tumours (Editorial, 1975; Mur-
ray-Lyon et al., 1968; Gagel et al., 1976)
and other malignancies (Schein et al.,
1974; Du Priest et al., 1975). Streptozo-
tocin induces epithelial tumours in the
rat kidney (Arison and Feudale, 1967;
Rakieten et al., 1968; Mauer et al., 1974a)
butt sarcomas do not appear to have been
reported. AAWe have found both epithelial

and mesenchymal renal tumours in stre)-
tozotocin-treated rats.

AIATERIALS AND METHODS

The development of renal tumours -was
an incidental finding in 80 male Wistar
rats made diabetic by the injection of a
single intravenous dose of streptozotocin
(25 mg/kg body awt) in citrate buffer pH 4-4
at 11 wzeeks of age (about 300 g body wt).
Twenty controls received citrate buffer
alone. The purpose of the experiment was to
study the effects of different treatment
regimes on the renal glomerular lesions and
motor nerve conduction in diabetes (Fox,
Ireland and S6nksen, 1976). After induction
of diabetes, the animals were allocated to
one of four groups: (A) no further treatment;
(B) low-carbohydrate diet; (C) insulin treat-
inent alone; (D) insulin and low-carbohydrate
diet.
The rats Aere housed in groups of up to

10 at constant temperature (22 °C). The
animal-house windo-ws Mwere blacked out
and artificial lighting provided for 12 h/day
to eliminate seasonal variation. Groups A,
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C and 10 of the controls received Spillers
normal laboratory diet No. 1 "Autoclav",
in which carbohydrate supplied 65% of
the available calories. The low-carbohydrate
diet, in which carbohydrate supplied 40%
of the available calories, was administered
to Groups B, D and the remainder of the
controls; it was prepared from flour, lard,
maize, oil, casein, salts and vitamins. All
animals received water ad libitum.
Four test rats died early in the experiment

and 4 rats, one from each test group, were
killed 7 months after the injection. Thirty-
three died subsequently and the 39 survivors
were killed at 14 months. Two control
animals were killed at 7 months, 2 died in
the ensuingf 7 months and the 16 survivors
were killed at 14 months.

Full post mortem examinations were
performed on all animals, and any tumours
found were fixed in 4% formalin. Paraffin
sections were stained with haematoxylin
and eosin, Masson's trichrome and by the
periodic-acid-Schiff method.

RESULTS

Renal tumours were found in 36 of
the 80 animals (42%) who had received
streptozotocin. No metastases were pres-
ent, but many of the tumours had
spread through the renal capsule and
were locally invasive. No tumours were
found in any other organ.

Table I indicates the times at which
the various animals died of their renal
tumours or were killed. The renal tumours
were divided into two groups on the
basis of their microscopic appearance.

Fpithelial tumours

Fourteen epithelial tumours were found
in 13 animals, one rat having bilateral
tumours. The tumours ranged in size
from barely distinguishable nodules -,0 5
cm across, to large fungating tumours
up to 22 cm in diameter. On the cut
surface, pale solid tumour tissue alter-
nated with areas of haemorrhage and
necrosis.

Microscopically, all these tumours were
composed of large polygonal clear or
granular eosinophilic cells, forming solid
sheets or papillary glandular structures
(Fig. 1). The smallest lesions were well
encapsulated, and corresponded to those
tumours termed renal cortical adenomas
in the human kidney. Larger tumours
with basically the same microscopical
appearance were not encapsulated and
contained areas of haemorrhage, necrosis
and mitotically active cells. These were
considered equivalent to human adeno-
carcinomas.

TABLE I. Times of Death of Rats With or Without Renal Tumours in the Different
Treatment Groups (A-D)

Time of death
post streptozotocin

(months)
3-6

7
8
9

10
11
12
13
14

Tc tals

Tumours present (total 36)

A B C D

t t
*

*

**

**

Tumours absent (total 44)

A B C D
*** *
*
*

**
* *
** ** *

**
*

*

t

* ** * * *

tttttt
7 8 10 11 13 12 10 9

* Died during experiment.
t Killed at 7 months or at end of experiment (14 months).
A: no anti-diabetic treatment.
B: low-carbohydrate diet.
C: insulin treatment.
D: insulin and low-carbohydrate diet.
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FIG. 1.-Epithelial renal tumour. H. and E. x 300. FIG. 2. Wholly mesenchymal renal tumour
consisting of irregularly disposed round or
spindle cells with irregular dark nuclei.

Tt-- _V _31.AA

Wholly or predominantly mesenchymal
tumours

Thirty-two mesenchymal tumours were
found varying in size from 2 to 15 cm.
They were uniformly pale and mostly
solid in appearance, but with some cystic
areas. Microscopically, these tumours
could be divided into two categories.

In the first category there were 8
wholly mesenchymal tumours consisting
of sheets of loosely disposed undifferen-
tiated round or spindle cells. The nuclei
were large and hyperchromatic and mito-
ses were frequent. Little cytoplasm was
present and the cell outline was faint
(Fig. 2). At the edge of the tumours
there was invasion of normal renal
substance.
The second category consisted of 24

tumours similar to the 8 wholly mesen-
chymal tumours, except that they also
contained epithelial elements. They were
bilateral in 2 cases. Six animals had
separate purely epithelial tumours, in
addition to the predominantly mesen-

ri. anct E. x 3U0.

chymal tumours. Microscopically, in addi-
tion to sheets of spindle cells, there were
ill-defined hypercellular areas composed
of cells with hyperchromatic nuclei and
little cytoplasm (Fig. 3). Pleomorphism
and mitoses were common in both these
patterns of mesenchymal growth. In
most of the tumours, the connective-
tissue elements showed fibrous differentia-
tion only, but some contained smooth
muscle, and in one case there were areas
of cytologically malignant cartilage. The
epithelial element was present in the
form of tubules. Some tubules were
widely dilated and contained papillary in-
foldings lined by flattened cells. Other
tubules were small and lined by multi-
layered plump columnar cells often show-
ing pleomorphism and an increased nu-
clear-cytoplasmic ratio but few mitoses
(Fig. 4). Such tubules were frequently
surrounded by condensations of stromal
cells reminiscent of the human nephro-
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FIG. 3.-Predominantly mesenchymal tu- FIG. 4.-Neoplastic tubules in a predominantly
mour with ill-defined hypercellular islands. mesenchymal tumour. H. and E. x 185.
H. and E. x 75.

blastoma (Fig. 5) and in some there
appeared to be a transition between
neoplastic stromal cells and cells lining
the tubular structures. At the edges of
the tumour, non-neoplastic tubules were
caught up in the advancing spindle-cell
areas but centrally, the tubules with a
stratified lining appeared to be truly
neoplastic.

The distribution of the tumours showed
no significant differences between the
4 treatment groups (Table II) but the
tumours in the insulin-treated animals
were associated with a higher mortality
(Table I). Thus, there were 16 deaths
out of 21 rats with tumours in Groups
C and D compared with 7 out of 15 in
Groups A and B (X2 = 4-24, P < 0.05).

TABLE II.-Distribution of Tumours and Fate of Rats in the Different Treatment Groups

Died with
Group tumour
A
B
C

D

5
2
6

10

Totals 23

Tumour found Total
at end of animals with
experiment tumours

2
6
4
1

13

7
8

10
11

36

Tumour type

Wholly Partly
Epithelial mesenchymal mesenchymal

3
5
2
4

14

2
2
2
2

8

3
6
7
8

24

A: no anti-diabetic treatment.
B: low-carbohydrate diet.
C: insulin treatment.
D: insulin and low-carbohydrate diet.
Each group consisted of 20 animals.

Total
tumours
in each
group

8
13
11
14

46
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FIG. 5.-Epithelial structure in a hyper-
cellular island of a predominantly mesen-

ch^-mal tumour. H. and E. X 185.

DISCUSSION

To our knowledge, this is the first
description of mesenchymal renal tumours
developing in streptozotocin-treated rats,
although the induction of epithelial renal
tumours by streptozotocin is well docu-
mented (AArison and Feudale, 1967; Rakie-
ten et al., 1968; MIauer et al., 1974a, b;
Bennington and Beckwith, 1975) as is
the induction of both types of tumour
by other nitrosamine compounds (Magee
and Barnes, 1959, 1962; Riopelle and
Jasmin, 1969; Hard and Butler, 1970a,
1971).
The epithelial tumours are similar to

those seen in man, where the distinction
between adenoma and carcinoma is often
made on the basis of size alone, the
morphological and histochemical features
being identical (Ericsson, Seljelid and
Orrenius, 1966; Hard and Butler, 1970b;
Fisher and Horvat, 1972). The patho-
genesis of these epithelial tumours has
been extensively studied by light and

electron microscopy in rats given di-
methvlnitrosamine (Hard and Butler,
1971). They arise from proximal tubular
cells, the earliest proliferative lesions
being seen 6 weeks after the initial injury,
which consists of sporadic areas of cell
death and macrophage infiltration. Spon-
taneous familial renal adenomas of domi-
nant inheritance have been recorded in
Wistar rats (Eker and Mossige, 1961), but
none of the control animals in this
experiment developed such tumours.
The mesenchvmal tumours seen in

our animals appear to be inalignant, as
assessed by their microscopical appear-
ances and evidence of local invasion,
although again metastases were not found.
These lesions have similar light micro-
scopical characteristics to those induced
in rat kidneys by dimethvlnitrosamine
(Hard and Butler, 1970a) and nitroso-
methyl urea (Thomas, WZessel and Citoler,
1972). The pathogenesis of these tumours
has also been intensively studied (Hard
and Butler, 1971) and they appear to
arise from proliferating mesenchymal cells
in the juxtaglomerular region. In contrast
to earlier workers (Magee and Barnes,
1959, 1962; Argus and Hoch Ligeti,
1961; Yang, 1966) and despite the well
recognized mixed nature ofhuman nephro-
blastomas, Hard and Butler do not accept
that any of the rat neoplasms are true
mixed tumours. The epithelial structures
are all regarded by these workers as
hvperplastic reactive tubules entrapped
by the tumour, and this is supported by
autoradiographic and histochemical stud-
ies (Thomas et al., 1972). -It is, therefore,
advocated that such tumours produced by
N-nitroso compounds should not be clas-
sified as nephroblastomas at this stage
and that the term ;stromal nephroma"
should be used (Riopelle and Jasmin,
1969; Bennington and Beckwith, 1975).
In several of the tumours in our animals,
the microscopic features strongly sug-
gested that the tubular structures were
truly malignant, but we recognize that
in the absence of metastases this has
not been conclusively established. In
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comparing tumours of the rat kidney to
human nephroblastomas, note must be
taken of evidence supporting the origin
of nephroblastomas from persistent nests
of metanephric blastoma which may be
found in the kidneys of infants (Potter,
1972; Bove, Koffler and McAdams, 1969;
Bennington and Beckwith, 1975; Shanklin
and Sotelo-Avila, 1969). Such areas were
not seen in the rat kidneys studied here
and the tumours appear to arise from
fully differentiated cells. Spontaneous
nephroblastomas do occur rarely in Wistar
rats (Pittermann, 1974) but these contain
typical glomeruloid structures which were
not seen in our tumours.

In all our animals the non-tumorous
renal tissue showed varying degrees of
interstitial nephritis. In man, epithelial
neoplasms develop particularly in scarred
kidneys and it is likely that interstitial
nephritis has played a role in the develop-
ment of such tumours in our experimental
rats, but the relevance of interstitial
nephritis to the development of mesen-
chymal tumours is uncertain.
The diabetic state does not appear to

be causally related to the development
of streptozotocin-induced epithelial tu-
mours (Mauer et al., 1974b). However, in
our experiment, more rats died from
their renal tumours in the insulin-treated
groups, suggesting that metabolic status
may influence the subsequent growth
of the tumour.

Puzzling differences exist between dif-
ferent laboratories in the frequency and
type of renal tumours in streptozotocin-
treated rats. This diabetogenic agent is
widely employed in research, but other
workers have either not encountered any
tumours, or only epithelial neoplasm
(Table III). The epithelial tumours were
first noted by other workers after 3-8
months. In our animals, these lesions
were not noted until the animals died
with large tumours from 11 months
onwards. Twenty-six per cent of our
animals developed mesenchymal tumours,
which so far have not been reported by
other workers. These tumours were first

seen in animals killed at 7 months, and
from then on in animals dying up to the
end of the experiment. The strain of rat
as well as the metabolic status may be
important factors in the development
of different tumour types.

We are grateful to the MRC for financial
support, to Miss V. Wright for looking
after the experimental animals, Mr R.
Leaver and staff, Mr J. Fenton and
Miss J. Conway for technical, photographic
and secretarial assistance.
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