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ABSTRACT — This experiment was designed to examine the effects of twice daily injections of tumor
necrosis factor (TNF: 5/zg/O.l ml physiological saline) on pregnancy-dependent mammary tumor
(PDMT) in GR/A mice which appears during pregnancy, disappears soon after parturition and appears
again during the subsequent pregnancies. The significantly positive correlation between the size of
PDMT and the period of vehicle treatment observed in the control disappeared by TNF treatment.
Furthermore, the linear regression coefficient was apparently higher in the control than in the
experimental group. The number of PDMT was also decreased by TNF. Immunohistochemical
staining of products of c-jun in PDMT was stimulated and those of c-fos and N-myc were inhibited by
TNF. TNF had no effects on reproduction and the weights of anterior pituitary, adrenals and ovaries.
All results have demonstrated that TNF inhibits the growth of PDMT corresponding to the period of
treatment and its effect may be partly through the modulation of some oncogene expression with little
influence on the endocrine parameters.

INTRODUCTION

The GR/A mouse is  characterized  by  the  de-
velopment of pregnancy-dependent mammary
tumor (PDMT). which appears after the middle of
pregnancy, reaches the maximal size at the end of
pregnancy, regresses and disappears soon after
parturition regardless of lactation [13, 18]. PDMT
appears again during the subsequent pregnancies
and its incidence and growth often increase with
the additional pregnancies [13, 18]. While estro-
gen, progesterone and placental lactogen were
found to participate in the growth of PDMT [16,
17]. the mechanism of the growth and regression of
this type of lesion is mostly obscure.

Recently, the contribution of autocrine and par-
acrine  systems  to  the  growth  or  regression  of
normal and neoplastic mammary cells has been
reported [for review, 9].  Tumor necrosis factor
(TNF). which is cytotoxic and cytostatic against
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several transformed cells, is a protein produced by
macrophages and it has antitumor effects on trans-
plantable tumors [2,5, 11, 12]. TNF has also been
reported to be produced in the carcinomas of the
breast, ovary and colon [11].

Furthermore, numerous works suggesting the
participation of oncogenes and growth factors in
normal and neoplastic growth of mammary glands
have been reported [for reviews, 3, 6, 8, 15].

The objective of this study is  to examine the
effects of TNF on the growth of PDMT and the
immunohistochemical expression of some onco-
genes.

MATERIALS  AND  METHODS

Animals

GR/AMei mice maintained in our laboratory by
strict brother X sister mating were used. At 70-75
days  of  age,  females  were  placed  with  males.
Pregnant  mice  were  housed  individually  and
placed again with males only near parturition to
induce  concurrent  pregnancy.  Only  mice  that
developed PDMT during the 1st pregnancy and
delivered concurrently were used.
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Fig. 1. Experimental schedule. In Experiment I (Exp I), experimental animals received twice daily injections of 5

/ig/0.1 ml physiological saline from day 15-18 of the 2nd pregnancy-lst lactation, when PDMT sizes achieved 4-5
mm in diameters, until the day of the 2nd parturition. In Experiment II (Exp II), injection was started on day 10
when PDMT were still unpalpable. Controls were given vehicle only during the corresponding periods.

Throughout the experiment, mice were kept in
aluminium cages ( 12 X 28 X 13 cm) with wood shav-
ings, maintained in an animal room, which was
air-conditioned  (22-24°C  and  55-75%  relative
humidity) and artificially illuminated (14 hours of
light  from  5:00  AM  to  7:00  PM),  and  provided
with a commercial diet (Lab MR Breeder; Nihon
Nosan  Kogyo  KK,  Yokohama,  Japan)  and  tap
water ad libitum.

Treatments (Fig. 1)
In  Experiment  I  (Exp  I),  animals  of  which

PDMTs achieved 4-5 mm in size, i.e. on day 15-18
of  the  2nd  pregnancy-lst  lactation,  were  given
twice daily (8 :30 AM and 5 :00 PM) intratumoral
injections of TNF (Peninsula Lab. Inc., Belmont,
CA,  USA;  5/^g/O.l  ml  physiological  saline)  until
the day of parturition.

In Experiment II (Exp II), beginning day 10 of
the 2nd pregnancy-lst lactation, when PDMT was
still  unpalpable,  mice  received  twice  daily  sub-
cutaneous  injections  of  TNF  (5/^/0.1  ml)  near
the places where PDMT appeared at the 1st pre-
gnancy. After PDMT became palpable, the treat-
ment was changed to the intratumorous injection
and continued until the day of the 2nd parturition.
TNF solution was stored at — 20°C until used.

Control mice were given the vehicle only during
the  corresponding  periods.  However,  the  data
were pooled in the Results section, since no differ-
ence was observed in all parameters examined.

Some experimental and control mice of Experi-
ment II were killed by decapitation under the light
ether anesthesia at the end of the 2nd pregnancy
and PDMTs were immediatly removed, frozen at
—  80°C  and  used  for  immunohistochemical
staining.

The remaining mice in each group were sub-
jected to check the reproduction.

Size and number of PDMT
Each  mouse  was  checked  daily  for  palpable

PDMT from day 12 of the 1st and the 2nd pregnan-
cies until parturitions. The size of the first PDMT
expressed in terms of the geometric mean of the
major  2  diameters  was  recorded  and  the  final
number of PDMT was also checked.

Endocrine organ weights
At the end of the 2nd pregnancy, some mice in

each group were killed by decapitation under the
light ether anesthesia. Anterior pituitary, adrenals
and  ovaries  were  immediately  removed  and
weighed.
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Reproduction
Delivery  interval,  mother  weight,  litter  size,

still-birth  rate,  average  pup  weight  at  the  2nd
parturition, and pup growth rate and rearing rate
on  days  12  and  20  of  the  2nd  lactation  were
recorded [14] in the experimental and the control
mice of Experiment II.

Immunohistochemistry

The sections cut at 6 jum with cryostat micro-
tome and fixed with 4% paraformaldehyde were
incubated with 1% BSA/PBS for 20 min followed
by the incubation with antibody to product of c-jun
(Oncogene  Sci.,  Manhasset,  NY,  USA:  3//g/ml
PBS),  c-fos  (Oncogene  Sci.,  3//g/ml  PBS)  or
N-myc  (Cambridge  Res.  Biochem.,  Cambridge,
UK: 10//g/ml PBS) in a moisture chamber for 24
hr at 4°C. Horseradish peroxidase-labeled anti-
rabbit IgG (Amersham, UK: 1 :50) or anti-sheep
IgG  (Cappel,  West  Chester,  PA,  USA:  1:1000)
was used for the second antibody to the antibody
to the product of the respective oncogene. The
reaction of peroxidase was carried out by diami-
nobenzidine for 5 min. The sections overlaid with
normal rabbit serum and 1% BSA/PBS instead of
the primary antibodies were set as the positive and
the negative controls, respectively.

The degree of staining was graded as follows;
(+ +) positive staining in almost cells of the tissue,
( + ) patchy positive staining of the cells and ( — )
no positive staining in all cells.

Statistics

All parameters were expressed in terms of mean
±SEM and the statistical significance of difference
in the parameters between each experimental and
the control groups was evaluated by the Student's
t-test.

Simple correlation coefficients between some
parameters were also calculated.

RESULTS

Growth of PDMT (Fig. 2)
No significant correlation was observed between

the size of PDMT and the period of treatment in
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Fig. 2. Growth of PDMT in each group. : Experi-
ment I, in which PDMT was already palpable at the
start of TNF (vehicle) injection. : Experiment
II, in which PDMT became palpable 2-9 days after
the start of injection, r and a: Correlation and
regression coefficients, respectively, between the
size of PDMT and the period (days) of treatment, n:
Number of estimates. *F<0 05.

the experimental group, while in the control there
was a positive correlation between parameters.
The linear regression coefficient was also apparen-
tly higher in the control than in the experimental
group.

The number of PDMT
The numbers of PDMT per mouse at the end of

the 2nd pregnancy were 1.3 + 0.3 (3), 1.9 + 0.3 (7)
and 2.4 + 0.3 (8) (mean + SEM and the number of
mice in parentheses) in Experiments I, II and the
control, respectively.

Endocrine organ weights (Table 1)
No difference was seen between the experimen-
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Table 1. Body weight and endocrine organ weights of mother mice at the end of the 2nd pregnancy
in each group (Mean + SEM)

Group

Number of positive staining/ number of PDMT examined.

tal and the control groups in the weights of ante-
rior pituitary, adrenals and ovaries at the end of
the 2nd pregnancy.

Reproduction
Any reproductive parameter at the 2nd parturi-

tion and the pup growth rate and the rearing rate
on day 12 or 20 of the 2nd lactation differed little
between the experimental and the control groups
of Experiment II (data not shown).

Immunohistochemistry of oncogene expression in
PDMT (Table 2)

According to the standard shown in Fig. 3, the
staining of c-jun product in PDMT of mice given
TNF was more intense compared to the control.
The positive staining of the product of neither c-fos
nor N-myc was seen in PDMT of the experimental
mice, while the positive staining of each oncogene
product was 4 (57%) out of 7 in the control.

DISCUSSION

This study shows that the significantly positive
correlation  between  the  size  of  PDMT  and  the

period of vehicle treatment observed in the control
disappeared in the the experimental group treated
with  TNF.  Furthermore,  the  linear  regression
coefficient was apparently lower in the latter than
in the former. The number of PDMT also tended
to be smaller in the experimental groups than in
the control. All results indicate that TNF inhibits
the growth of PDMT, of which effect is related to
the  period  of  treatment.  Antitumor  activity  of
TNF is different due to the injection period as well
as the type of tumors [2, 11]. Recently, Goto et al.
[7] found the dramatic changes of several proteins
in PDMT associated with its growth and regres-
sion. TNF has been reported to be produced by
some  carcinomas  including  breast  cancer  [1].
Thus, it is plausible that PDMT may produce TNF,
which, in turn, may participate in the regression of
PDMT through the autocrine system.

The contribution of oncogenes to the develop-
ment and growth of mamamry tumors has been
suggested, while the mechanisms remain mostly to
be solved [3, 6, 8, 15]. In this study, the immuno-
histochemical staining of products of both fos and
myc was inhibited, while the staining of jun pro-
duct was stimulated by TNF. The results suggest
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that the inhibition by TNF of PDMT would be at
least  partly  due  to  its  modulation  of  some
oncogene  expression.  Incidentally,  AP-l/c-jun
transcripts  induced  by  TNF  cause  the  anti-
mitogenic action of TNF in human umbilical vein
endothelial cells [4] and myc expression was inhi-
bited by TNF in human promyelocytic leukemic
cell line HL-60 [10].

ACKNOWLEDGMENT

We thank Prof T Iguchi, Graduate School of Inte-
grated Science, Yokohama City University, for his in-
valuable suggestion.

REFERENCES

1 Balkwill F, Osborne R, Burke F, Naylor S, Talbot
D, Durbin H, Tavernier J, Fiers W (1987) Evidence
for tumor necrosis factor/cachectin production in
cancer. Lancet 28: 1229-1232

2 Balkwill FR, Lee A, Aldam G, Moodie E, Thomas
JA, Tavernier J, Fiers W (1986) Human tumor
xenografts treated with recombinant human tumor
necrosis factor alone or in combination with interfer-
ons. Cancer Res 46: 3990-3993

3 Dickson RB, Bane M, Lippman ME (1990) TGFa
and MDGF1 as stimulating growth factors in breast
epithelial cells. In "The Therapeutic Implications of
the Molecular Biology of Breast Cancer" Eds by M
Lippman, E Mihich, John Libby, New York, pp 15-
29

4 Dixit VM, Marks RM, Sarma V, Prochownik EV
(1989) The antimitogenic action of tumor necrosis
factor is associated with increased AP-1 Ic-jun proto-
oncogene transcription. J Biol Chem 264: 16905-
16909

5 Dollbaum C, Creasey AA, Dairkee SH, Hiller AJ,
Rudolph  AR,  Lin  L,  Vitt  C,  Smith  HS  (1988)
Specificity of tumor necrosis factor toxicity for hu-
man mammary carcinomas relative to normal mam-
mary epithelium and correlation with response to
doxorubicin. Proc Natl Acad Sci USA 85: 4740-
4744

6 Forsyth IA (1991) The mammary gland. Bailliere's
Clin Endocrinol Metab 5: 809-832

Fig. 3. Immunohistochemical staining of c-jun product
in PDMT (X 100).
A: Positive staining (++). Nuclei of almost cells
are deeply stained.
B: Patchy positive staining ( + ). Nuclei of several
cells are weakly stained.
C: Negative staining ( — ).



684 H. Nagasawa and Y. Goto

7 Goto Y, Iguchi T, Nagasawa H, Takasugi N (1992)
Changes in protein expression in pregnancy-
dependent mammary tumors (PDMT) during
growth and regression in GR/A mice. Zool Sci 9:
1267 (abstract)

8 Gullick WJ (1990) Growth factors and oncogenes in
breast cancer. Progr Growth Factor Res 2: 1-13

9 Imagawa W, Bandyopadhyay DK, Nandi S (1990)
Regulation on mammary epithelial cell growth in
mice and rats. Endocrine Rev 11: 494-523

10 Kronke M, Schluter C, Pfizenmaier K (1987) Tumor
necrosis factor inhibits MYC expression in HL-60
cells at the level of mRNA transcription. Proc Natl
Acad Sci USA 84: 469-473

11 Krosnick J A, Mule JJ, Mcintosh JK, Rosenberg SA
(1989) Augmentation of antitumor efficacy by the
combination of recombinant tumor necrosis factor
and chemotherapeutic agents in vivo. Cancer Res
49: 3729-3733

12 Manda T, Shimomura K, Mukumoto S, Kobayashi
K,  Mizota  T,  Hirai  O,  Matsumoto  S,  Oku  T,
Nishigaki F, Mori J, Kikuchi H (1987) Recombinant
human tumor necrosis factor-a : Evidence of an

indirect mode of antitumor activity. Cancer Res:
3707-3711

13 Muhlbock O (1965) Note on a new inbred strain
GR/A. Europ J Cancer 1: 123-124

14 Nagasawa H, Furukoshi K (1985) Effects of concur-
rent pregnancy and lactation on reproduction in four
strains of mice. Lab Anim Sci 35: 142-145

15 Sluyser M (1987) Oncogenes and hormones in
mouse mammary tumours. In "Growth Factors and
Oncogenes in Breast Cancer" Ed by M Sluyser, Ellis
Horwood, Chichester, pp 123-141

16 Yanai R, Nagasawa H (1976) Importance of prog-
esterone in DNA synthesis of pregnancy-dependent
mammary tumors in mice. Int J Cancer 18: 317-321

17 Yanai R, Nagasawa H (1977) Effects of progester-
one and estrogen on DNA synthesis of pregnancy-
dependent mammary tumors in GR/A mice. Europ
J Cancer 13: 813-816

18 Yanai R, Nagasawa H (1978) Development and
growth of pregnancy-dependent and -independent
mammary tumors in GR/A strain of mice and their
relationship. Gann (Jpn J Cancer Res) 69: 25-30



Nagasawa, Hiroshi and Goto, Yoshihide. 1993. "Effects of Tumor Necrosis
Factor on Pregnancy-dependent Mammary Tumors in GR/A Mice." Zoological
science 10, 679–684. 

View This Item Online: https://www.biodiversitylibrary.org/item/125168
Permalink: https://www.biodiversitylibrary.org/partpdf/71379

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 21 September 2023 at 18:02 UTC

https://www.biodiversitylibrary.org/item/125168
https://www.biodiversitylibrary.org/partpdf/71379
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

