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Summary.-Leukaemogenesis induced with chemical carcinogens and hormones
was studied in intact and ovariectomized mice of the ICRC strain which is susceptible
to spontaneous development of both breast cancer and leukaemia and the Strong
A strain susceptible only to breast cancer and not to leukaemia. In ovariectomized
females oestradiol was administered at two dose levels (i)]l Hg oestradiol/day
for 30 days, (ii) 10 ,ug oestradiol/day for 30 days. The effect of oestradiol (1 ,tg/day)
and progesterone (1 mg/day) for 30 days was also studied. In one group, two
pituitaries of the syngeneic male mice were implanted subcutaneously on the
right inguinal pair of mammary glands. Enhancing effect of 20-MCA on leukaemo-
genesis was seen in intact strain ICRC mice and not in ovariectomized mice.
However, administration of hormones, either oestradiol alone or in combination
with progesterone, or by the way of pituitary grafts, to these carcinogen treated
ovariectomized females increased the incidence of leukaemia with a shorter latent
period. Although 20-MCA could induce leukaemogenesis in Strong A ovariecto-
mized females, further treatment with hormones, either with pituitary graft or
with oestradiol, failed to promote leukaemogenesis. The highest leukaemia inci-
dence in strain A ovariectomized females was observed in the group treated with a
balanced dose of oestradiol and progesterone. The present experimental findings
in the ICRC and Strong A strains suggest specific differential responses of different
strains of mice to the action of carcinogen and hormones for the induction of leukae-
mogenesis.

BIOLOGICAL studies of mouse strain
ICRC, developed at the laboratories of
the Cancer Research Institute, Bombay,
have established susceptibility of this
strain for two spontaneous lesions, mam-
mary cancer and lymphocytic leukaemia,
both being of viral aetiologv. About 25%
of females develop both the lesions
simultaneously (Ranadive, Karande and
D'Costa, 1972). In the ovariectomized
females the breast cancer is totally con-
trolled (Ranadive and Kanekar, 1963;
Ranadive and Karande, 1970; Karande,
Sheth and Ranadive, 1970) and the
acceleration of leukaemogenesis is noted
in old animals (Pai and Ranadive. 1971).
The ICRC ovariectomized mice were used
for further studies of hormonal factor in
experimental induction of mammary can-
cer and leukaemia. The strain Strong A,

showing characteristic responses to hor-
monal factor and chemical carcinogens
(Ranadive and Waravdekar, 1955; Rana-
dive and Hakim, 1958; Ranadive and
Karande, 1963; Karande, Mistry and
Rangan, 1968) was used for comparative
studies. The present communication re-
ports studies of the effects of hormones
on experimental induction of leukaemia
in strains ICRC and Strong A.

MATERIALS AND METHODS

Young virgin female mice of strains
ICRC and Strong A were ovariectomized at
the age of 8 weeks. The females were
force fed on 20-methylcholanthrene (20-
MCA) in olive oil once a week for a period of
8 weeks. The total dose of 20-MCA admini-
stered was 8 mg per mouse. Normal intact
females and the ovariectomized females
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without the carciniogen treatment served as
controls. The carcinogen treated ovariec-
tomized females were also given a daily
dose of oestradiol alone and a dose of oestra-
diol with progesterone for a period of 30 days.
The carcinogen treatment as, well as hormnonal
treatment were started on the same day, a
wiNeek after tfhe removal of ovaries. In one
group, 2 pituitaries of isologous male mice
wATere grafted subcutaneously on to t,he right
inguinal pair of the inammary glands. The
different experimental groups under investri-
gations wAere: Group I (intact, controls);
Group II (castrated controls); Group III
(intact females treated with 20-MCA); Group
IV (castrated females t,reated wNith 20-MCA);
Group V (castrated females with 2 pituitary
grafts and treated with 20-MCA); Group VrI
(castrated females treated with 20-MCA and
1 ,ug oestradiol/day for 30 days (low dose)):
Gwroup VII (castrated females treated with
20-MCA and 10 jug oestradiol/day for 30 days
(high dose)); Group VIII (castrated females
treated w.-ith 20-MCA and 1 ,ug oestradiol + 1
mg progesterone/day for 30 days.

Oestradiol (Organon Laboratories Ltd.,
Surrey, England) and progesterone (Nutri-
tional Biochemicals Corporation, Ohio,
U.S.A.), dissolved in sesame oil wNere inject,ed
in a volume of 0-2 ml subcutaneously/day
for 30 days.

The thyrnus, spleen, liver, lymph nodes
and kidneys of leukaemic females were fixed
in Zenker-formol and stained wNith haema-
toxylin and eosin. Tissues for electron
rnicroscopy were fixed in 6-25% glutaralde-
hyde for 1-11 hours, post fixed in 10O
osmium tetroxide in Sorensen's buffer, dehyd-
rated in ethanol solutions and embedded in
Araldite. The sections were cut on a portar
5 Blum MT-2 Sorval ultramicrotome, stained
in uranyl acetat,e followed by lead citrate
and examined in a Siemens Elmiskop IA
and in a RCA EMU 3G electron microscope.*

Blood smears of t,he mice showing the
-symptoms of leukaemia w^ere fixed in metha-
nol and stained with Giemsa. Total count
of nucleated cells in the pei-ipheral blood wAas
recorded before autopsy.

Cellular, as well as acellular. extracts of
the tumourous organs of some of the females
from different experimnental groups were
prepared and kept in continuous transplanta-

tion. All the chemical and horinoine in(luced
leukaenic lesions tested wvere successfully
transmitted in syngeneic mice, and these data
will be reported elsewhere.

RESULTS

Leukaemogenesis in ICRC miiice
The data are presented in Table I.

The animals from the experimental groups
were killed when they showed positive
symptoms of leukaemia, i.e. an enlarged
palpable spleen or diffictulty in breathing
due to enlarged thymus. Most of the
carcinogen and hormone treated animals
had to be killed between the age of 4
and 10 months because of the disease.

The leukaemia incidence in normal
intact and castrated females was 12% and
340o respectively (Pai and Ranadive,
1971). In most of these animals the
disease developed after 7 months of age.
On carcinogen treatment the leukaemia
incidence in intact virgins increased to
4600 whereas in castrates the incidence
was 32%o, thus indicating no specific
effect of 20-MCA on leukaemogenesis in
ICRC castrates. Addition of hormones
by means of pituitary transplants in-
creased the leukaemia incidence to 62%.
With a low dose of oestradiol the incidence
of leukaemia was 710. The highest
leukaemia incidence was noted in the
group of females receiving a high dose of
oestradiol, the incidence being 810%. The
addition of progesteronie with a low dose
of oestradiol did not specifically increase
the leuikaemia incidence, but 37*5%o of
animals in this group developed both the
lesions, mammary cancer and leukaemia,
together. All differences in the leukaemia
incidence figuires are statistically signi-
ficant at the 5% level.

Gross and miicroscopic observations
Gross morphological changes varied at

autopsy in the females of different experi-
mental groups. It was quite interesting

* The electron microscopic studies 'were carried ouit by one of the authors (K.J.R.) dluring her stay as
Visiting Professor at the Department of Virology, MI.D. Anderson Hospital andl Tuimouir Institute, Houston,
Texas, U.S.A.
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FIG. 1.-Photograph of dissected animal of strain ICRC female mouse treated with 20-MCA together
with oestradiol (1 ug/day for 30 days) and progesterone (1 mg/day for 30 days). Note the mam-
mary gland tumour and thymus tumour.

to note that the groups of females which
received carcinogen treatment only usually
showed enlargement of spleen or liver
and/or lymph nodes, whereas the groups
of females which received hormonal treat-
ment in addition to carcinogen showed
thymus involvement as well (Fig. 1).
Large thymus tumours were seen in the
females of these experimental groups, the
lesions being either restricted to this
organ or showed collective involvement
of the spleen, liver and lymph nodes.
On histopathological examination these
thymus tumours were classified as
lymphocytic or reticular lesions (Fig. 2
and 3).

The lymphocytic neoplasms are com-
posed of uniform cells with large, baso-
philic nuclei and a narrow rim of pale
blue cytoplasm. These cells closely re-

semble normal lymphocytes but often are
much larger. The reticulum cell neo-
plasms, type A are composed of a single
cell type, the reticulum cell. In some
areas the cells are fusiform, resembling
fibroblast, whereas in other areas, especi-
ally when they are within tissue spaces,
the cells may be discrete, round or oval.
Multinucleated giant cells are numerous.
Both types of lesions, lymphocytic and
RCN type A, in the present material are
classified according to the reports by
Dunn (1954), Dunn and Deringer (1968),
Yumoto and Dmochowski (1967) and
Fujinaga et al. (1970).

The lesions in carcinogen treated intact
and castrated females without hormonal
treatment were of the lymphocytic type
(Table II). Even in the group of females
bearing pituitary grafts all the lesions
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low when the thymus involvement was
the main characteristic of the lesion.

Electron microscopic observations
Electron microscopic studies were car-

ried out on a few leukaemic tissues from
each experimental group. The type C
particles, characteristic of murine leuk-
aemia virus, were rarely observed in the
spontaneous leukaemic tissues. The leuk-
aemic tissues of intact and ovariectomized
females treated with 20-MCA alone or
along with pituitary graft showed type C
particles as well as intracisternal type A
particles (Fig. 4). The ovariectomized
females treated with carcinogen and
ovarian hormones exhibited intracyto-
plasmic A particles exclusively in their
leukaemic tissues (Fig. 5).

FIG. 2. Section of thymus tumour of strain ICRC
female mouse, showing lymphocytic neoplasm.
H. and E. x 544.

were of the lymphocytic type. In the
females receiving a low dose of oestradiol
8 out of 10 leukaemic females showed
lymphocytic lesions whereas 2 showed
RCN type A lesions. With a high dose
of oestradiol 9 out of 13 leukaemic
females showed RCN type A lesions,
whereas a lymphocytic type lesion was
found in only one female. In the group
of females treated with oestradiol and
progesterone 5 out of 11 leukaemic females
showed lymphocytic lesions, 4 females
showed RCN type A lesions and 2 females
had mixed lesions with lymphocytic
leukaemia and RCN type A.

Total counts of nucleated cells in the
peripheral blood at the time of killing
vV I n 11u 11011TL : L_ wnL in L ease

showed involvement of spleen liver or FIG. 3. Section of thymus tumour of strain ICRCshowed involvement of spleen, liver or female mouse showing reticulum cell neoplasm.lymph nodes. The count was invariably H. and E. x 272.
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TABLE II.-Chemical Induction of Leukaemogenesis under Varied Hormonal
Conditions in the ICRC Strain

Gross observations

Experimental group
Intact + MCA
Castrates + MCA
Castrates + MCA
+ pituitary graft

Castrates + MCA
+ 1 .tg E

Castrates + MCA
+ 10 ,ug E

Castrates + MCA
+ l,ugE + 1 mgP

No. of
animals
with

leukaemia
6/13
7/22

16/26

10/14

13/16

11/15

Hepato-
spleno-
megaly

2
3

Spleno-
megaly

1

Thymus
only

1
1

Involve-
ment of
spleen,
liver

thymus
and lymph
nodes

3
2

Type of lesion

RCN
t Mixed
Type Type LL+

LL A B RCNA
6 -

7 -

4 1 5 6 16 - - -

2 1 5 2 8 2 - -

1

Leukaemogenesis in Strong A strain mice
The data are presented in Table I.

Over the 36 years of inbreeding hardly
any spontaneous leukaemia has been
reported in our subline of the inbred
Strong A strain. On carcinogen admini-
stration to the castrates 27% of animals
developed leukaemia at between 10 and
13 months of age. Treatment with car-
cinogen either together with pituitary
graft or with different doses of oestradiol
did not accelerate the process of leukaemo-
genesis in Strong A castrates. The highest

- 5 7 1 9 -
3

7 3 5 4 - 2

incidence of leukaemia (55%) was noted
in the group of females treated with
oestradiol and progesterone together.

Unlike in the ICRC strain of mice, the
disease was never localized in the thymus
alone, although thymus involvement along
with spleen, liver and enlargement of
lymph nodes was sometimes noted (Table
III). The RCN type A lesion, which was
frequently seen in ICRC females, was
rarely observed in Strong A females, but
the RCN type B lesion was seen in a few
leukaemic females (Fig. 6). Neoplasms

TABLE III.-Chemical Induction of Leukaemogenesis under Varied Hormonal
Conditions in the Strong A Strain

Gross observations
t~~~~~~~~~~~~~~~~~~~~~ A

No. of
animals
with

Experimental group leukaemia
Intact + MCA 0/14
Castrates + MCA 4/15
Castrates + MCA
+ pituitary graft 2/10

Castrates + MCA
+ IlpgE 4/15

Castrates + MCA
+±10tgE 3/12

Castrates + MCA
+±IlgF+lmgP 6/11

Hepato-
spleno-
megaly

2

2

2

Spleno-
megaly

Involve-
ment of
spleen,
liver,
thymus

Thymus and lymph
only nodes

Type of lesion

RCN
, Mixed
Type Type LL+

LL A B RCN A

- - 2 3 -

_ _ _ 2 - I

- - 2 3 - 1

_ 1

-2

- 2 2 - 1 -

- 4 2 2 - 2
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FIG. 4.-Electron micrograph of spleen of strain ICRC female mouse with pituitary graft and treated
with 20-MCA showing type C and intracytoplasmic type A particles. x 22,000.

in mice which resemble Hodgkin's disease
in man have been classified as RCN type
B (Dunn, 1954; Dunn and Deringer,
1968; Murphy, 1963). Histologically the
RCN type B neoplasm has been described
as consisting of reticulum cells, lympho-
cytes, plasma cells, eosinophils and neutro-
phils.

DISCUSSION

The susceptibility of certain strains of
mice to the leukaemogenic action of
various chemical carcinogens has been

reported before (Kirschbaum, Strong and
Gardner, 1940; Rask-Nielson, 1949, 1950;
Toth, Rappaport and Shubik, 1962, 1963;
Shisha and Nishizuka, 1971). There are
also reports in the literature of the
leukaemogenic action of oestrogen when
administered to mice (Gardner, 1947;
Gardner and Dougherty, 1944; Gardner,
Dougherty and Williams, 1944). This
hormone also augments the effects of
x-rays (Gardner, 1953; Gardner and
Rygaard, 1954; Kirshbaum, 1953; Kirsch-
baum, Shapiro and Mixer, 1949) and
methylcholanthrene (Rudali, Juliard and
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FiG. 5.-Electron micrograph of spleen of strain ICRC female treated with 20-MCA and oestradiol
(10 ,ug/day for 30 days), showing intracytoplasmic type A particles only. x 22,520.

Desormeaux, 1956; Liebelt and Liebelt,
1962) in the development of leukaemia.

In the present series of experiments,
treatment with the carcinogen increased
the incidence of leukaemia in ICRC intact
virgins having endogenous levels of ovar-
ian hormones. The carcinogen had no
accelerating effect in respect to leukaemo-
genesis in strain ICRC castrates deficient
in ovarian hormones. In all other ICRC
ovariectomized females treated with car-
cinogen, either along with pituitary grafts
or with ovarian hormones, the incidence

of leukaemia was increased with a com-
paratively shorter latent period. The
results therefore strongly suggest the
importance of hormones as an essential
factor in the chemical induction of
leukaemogenesis in the ICRC strain of
mice.

The highest incidence of leukaemia
was observed in the group of ICRC
ovariectomized females treated with a high
dose of oestradiol. Progesterone did
not seem to have any specific action in
the induction of leukaemogenesis. The
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FIG. 6. Section of liver of strain Strong A female
treated with 20-MCA and oestradiol (10 ,tg/day
for 30 days), showing RCN type B lesion. H.
and E. x 272.

increased incidence of leukaemia (62%)
in the pituitary transplant group as
against 32% in the carcinogen treated
castrate group is a point worth noting.
Silberberg and Silberberg (1949) have also
reported the leukaemogenic effect of
anterior hypophyseal grafts in Strong A
castrated male mice. The pituitary grafts
without the hypothalamus control are
known to secret prolactin indefinitely
(Muhlbock and Boot, 1959; Everette,
1956; Boot et al., 1962). Since the oestro-
gen can act both on the hypothalamus
and directly on the pituitary to promote
synthesis and release of prolactin (Meites
and Nicoll, 1966), it is therefore quite
conceivable that ultimately it is the direct
prolactin stimulation that is responsible
for acceleration of leukaemogenesis. The
increased incidence of leukaemia in ICRC

castrate mice with pituitary grafts sup-
ports this hypothesis.

It was very interesting to note the
involvement of reticuloendothelial organs
in leukaemic females of different experi-
mental groups. Hepatosplenomegaly was
frequently seen in the group of intact and
castrated ICRC females receiving hor-
mones along with carcinogen, and the
thymus was also frequently involved. Big
thymic tumours, localized or along with
splenomegaly or hepatosplenomegaly,
were a characteristic finding of the groups
of females receiving carcinogen and hor-
mones together. Induction of thymic
tumours by chemical carcinogens in dif-
ferent strains of mice have been reported
before (Rappaport and Baroni, 1962;
Stich, 1960; Rask-Nielson, 1948, 1950).
Kaplan (1948) noted that the thymus
was always involved in x-ray induced
leukaemia in strain C57(B1).

The Strong A strain was evidently not
as highly susceptible to the action of
chemical carcinogen and hormones as the
ICRC strain for the experimental induc-
tion of leukaemogenesis. Although 20-
MCA could induce leukaemogenesis in
Strong A ovariectomized females, further
treatment with hormones either with a
pituitary graft or with oestradiol failed
to promote leukaemogenesis. The highest
leukaemia incidence in Strong A castrates
was observed in the group treated with
oestradiol and progesterone. The ani-
mals in this group developed leukaemia
in a comparatively shorter latent period.
The present experimental findings in the
Strong A and ICRC strains thus suggest
specific differential responses of different
strains of mice to the action of carcinogen
and hormones for the induction of leukae-
mogenesis.

Histopathological studies of the spon-
taneous leukaemic lesions in the ICRC
strain mice have been carried out and
reported by Pai and Ranadive (1973).
About 56% of the total leukaemias
studied were lymphocytic type whereas
reticulum cell neoplasms constituted about
31% of the total leukaemic lesions. In
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the present series of experiments, all the
lesions induced with administration of
carcinogen alone and along with pituitary
grafts were lymphocytic neoplasms. Ad-
ministration of oestradiol increased the
incidence of RCN type A leukaemic
lesions. The type of leukaemic lesions
observed in the Strong A strain were
different from those in the ICRC strain;
exclusive localized thymic tumours were
absent in the Strong A strain, but a rare
type RCN B was observed in a few Strong
A females.

The electron microscopic studies car-
ried out on some of the leukaemic tissues
from different experimental groups in
strain ICRC presented interesting find-
ings. Paucity of viral particles was
quite conspicuous in spontaneous lesions.
In 20-MCA treated intact and castrated
females as well as in the pituitary trans-
plant group, type C and intracisternal
type A: particles were present, whereas in
the groups of ovariectomized females
treated with a high dose of oestradiol
alone and together with progesterone, the
leukaemic tissues showed an abundance of
intracytoplasmic type A particles exclu-
sively with complete absence of type C
particles. It is therefore felt that under
specific physiological conditions, type A
particles may perhaps be another pheno-
typic expression of type C particles which
are known to be the causative agent of
murine leukaemia.

We wish to thank Dr S. M. Sirsat,
Head, Ultrastructure Unit, Cancer Re-
search Institute, Tata Memorial Centre,
Bombay and Professor L. Dmochowski,
Head, Department of Virology, M.D.
Anderson Hospital and Tumour Institute,
Houston, Texas, U.S.A. for the prepara-
tion of electron micrographs of the
leukaemic tissues. The technical help
rendered by Mr R. P. Naik is acknow-
ledged.
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