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SUMMARY

This paper reports the developmental, noduligenic, and
tumorigenic capabilities of transplanted mammary glands and
primary ducts from C3H/Crgl mice previously fed a
phenylalanine-deficient diet. The donor mice had been
previously fed various levels of phenylalanine, and one-half of
them had been stimulated with pituitary isografts. All were 24
to 25 weeks old, had been on the dietary regimens since they
were 5 weeks old, and had not developed nodules. The host
mice were virgin female C3H/Crgl mice. Each host mouse
received a primary duct transplant in each of its gland-free
inguinal fat pads, a whole-gland transplant, and a pituitary
isograft under the left kidney capsule. After 12 weeks of
stimulation, the pituitary isograft was destroyed. Five weeks
later, the mice were sacrificed, and the host glands and
transplants were examined for the presence of nodules and
tumors. Nodules were present in the mammary glands of all of
the host mice, in all of the normal outgrowths from the
primary duct transplants, and in all but two of the whole-gland
transplants. The transplanted mammary glands and primary
duct outgrowths were well developed and resembled the host
glands. Mammary tumors occurred in 14% of the transplants
but in none of the host glands. These results show that the
developmental, the noduligenic, and tumorigenic capabilities
of the donor mammary glands were not permanently impaired
by a phenylalanine-deficient diet.

INTRODUCTION

We have previously reported (4â€”7) that
phenylalanine-deficient diets can inhibit the formation of
pituitary-induced preneoplastic nodules and partially inhibit
the transformation from nodules to tumors in the mammary
glands of C3H/Crgl female virgin mice. We also demonstrated
(8) that phenylalanine-deficient diets can inhibit completely
the developmentof spontaneouspreneoplasticnodules and
mammary gland tumors in C3H mice. Among the possible
explanations for the inhibitory effect of the deficient diets on
noduligene@s and tumorigenesis, there exists the possibility
that the noduligenic and tumorigenic capabilities of the
mammary tissues were permanently impaired by the deficient
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diets. In order to test this possibility, whole inguinal mammary
glands and pieces of primary duct from donors fed diets
deficient in phenylalanine were transplanted into isologous
female host mice fed complete diet. The whole glands were
sutured to the ventral abdominal body walls and the pieces of
primary ducts were transplanted into the gland-free inguinal
mammary fat pads of the host mice (3). The host mice were
subjected to the standard noduligenic test (9) with pituitary
isografts for the hormonal stimulation of the mammary gland
tissues. The occurrence of HAN2 (and tumors) in the
transplanted mammary tissues would indicate that the
noduligenic and tumorigenic capabilities of the donor
mammary tissue had not been impaired permanently by the
deficient diets.

MATERIALS AND METHODS

The mice used in these experiments were virgin female
C3H/Crgl mice from the Cancer Research Genetics
Laboratory, Berkeley, Calif., animal breeding colony. They
were raised and housed in temperature-, light cycle-, and
ventilation-controlled rooms and kept, 4 per cage, in plastic
cages containing pine thaving for bedding. Stock diet3 (6) was
fed to all mice, and water was given ad libitum.

The donor mice fed diets4 deficient in phenylalanine were
taken from groups of mice used to test the inhibitory effects
of these diets on noduligenesis and tumorigenesis (6, 8). The
inhibitory effects of these diets have been reported previously
(6,8).Sixgroupsofdonormicewereused.Groups1and2
were mice fed a diet containing 0.090% phenylalanine with or
without pituitary isografts. Groups 3 and 4 were mice fed
0.1 20% phenylalanine with or without pituitary isografts.
Groups S and 6 were PWC5 mice with or without pituitary

2The abbreviations used are: HAN, hyperplastic alveolar nodules;
PWC, pair weight controL

3The stock diet was Berkeley Diet (Mouse Breeder Food), obtained
from Feedstuffs Processing Co., San Francisco, Calif. The phenylalanine
level of this diet is 1.04% according to the manufacturer.

4 Phenylalanine-deficient diet was Lofenalac, a casein hydrolysate

diet, reported to contain all other nutrients required for growth and
obtained from Mead Johnson & Company, Evansville, Ind. Detail about
this diet was reported in our previous study (6). L-Phenylalanine was
added to Lofenalac so that we obtained diets with phenylalanine levels
ranging from 0.075 to 0.300%. The 0.300% phenylalanine diet gave the
sameor better growth responseas the stock diet (6).

5The PWC mice were fed restricted amounts of the 0.300%
phenylalanine diet so that their body weights were nearly equal to the
body weights of the mice fed 0. 120% phenylalanine (6).
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isografts. All donor mice were 24 to 25 weeks old and had
been on deficient diets since they were 5 weeks old. Pituitary
isografts were implanted under the capsules of the left kidneys
of half of the donor mice when they were S weeks old, and the
isografts were removed 12 weeks later (6). Donor mice
without pituitary isografts were obtained from another study
(8). A group of 5-week-old virgin female C3H/Crgl mice fed
only stock diet since weaning and not stimulated by means of
pituitary isografts was used as the normal, untreated, control
donors. The experimental design demanded that the control
donor mice be infected with the mammary tumor virus but
free from nodules or tumors. For this reason, 5-week-old
rather than 24- to 25-week-old donors were used.

The host mice were virgin female C3H/Crgl mice. The
inguinal mammary fat pads of these mice were freed from
mammary parenchyma when they were 3 weeks of age (3).
Two weeks later, each host mouse received a whole-gland
transplant and 2 transplants of primary duct from a single
donor. One whole inguinal mammary gland from the donor
was sutured onto the abdominal body wall, and a piece of
primary duct from a donor mammary gland was transplanted
into each gland-free inguinal fat pad (3). In addition, each host
mouse received a pituitary isograft under the capsule of the
left kidney (6). The numbers of host and donor mice in each
group are presented in Table 1.

When the host mice were 17 to 18 weeks old, the pituitary
isografts were destroyed by electrocauterization, and the mice
were terminated 6 weeks later. The host mammary glands, the
whole-gland transplants, and the inguinal fat pads bearing
outgrowths derived from transplants of primary ducts were
fixed in Tellyesniczky's solution and processed for
whole-mount preparations (2). The development of the
mammary glands, the number of HAN, and the number of
tumors were recorded.

RESULTS

Table 1 shows the number of nodules and tumors in the
host gland, in the whole-gland transplants, and in the normal
outgrowths derived from the transplantation of donor primary
ducts.

All of the whole-gland transplants except 2, all of the
outgrowths from primary duct transplants, and the glands of
all of the host mice developed nodules regardless of the dietary
or hormonal status of the donor mice. Tumors did not develop
in the host glands or in the outgrowths derived from primary
duct transplants and whole-gland transplants taken from
donors fed the stock diet. Thirty tumors developed in the 214
whole-gland transplants and the outgrowths from primary
ducts taken from donors fed phenylalanine-deficient diets.
Among the whole-gland transplants, tumors appeared in the 3
groups derived from pituitary-stimulated donors and in
transplants derived from unstimulated donors fed 0.120%
phenylalanine.

The tumor incidence was higher in the transplants taken
from the donor mice fed deficient diets and stimulated by
pituitary isografts than in the transplants from mice fed
deficient diets but not stimulated (20.6% versus 7.4%; see
Table 1, Footnote d).

The normal outgrowths derived from primary duct
transplants resembled the normal host glands and filled the
mammary fat pads (Figs. 1 to 3), whereas the glands of the
donor mice fed deficient diets were poorly developed (6, 8).
The outgrowths derived from primary ducts taken from
donors fed deficient diets had abundant nodules and
developed tumors whereas the donor glands had few nodules
and no tumors (6, 8). The whole-gland transplants were well
developed (Figs. 4 and 5) regardless of the nutritional or
hormonal status of the donor. All of the whole-gland

Table 1
TheoccurrenceofHAN and mammary tumors in host glands, wholegland transplants,and normal outgrowths derivedfrom

the transplantation ofprimary ducts

a HG, set of host mammary glands including Glands 1, 2, 3, and 5 (both left and right sides); PD, primary ducts; WG, whole-gland transplants.
b .@. hormonal stimulation by pituitary isografts; â€”, no hormone stimulation.

C With the exception of mice fed stock diet, the values were obtained from Ref. 6 for stimulated mice and from Ref. 8 for unstimulated mice.

d Tumor incidence in Groups f to k is 20.6%; in groups 1 to q it is 7.4%. Group f was significanfly greater than 1, p < 0.005 ; g was significantly

greater than m, p < 0.005 ; j was significantly greater than p. p < 0.005 ; k was significantly greater than q, p < 0.005 ; h and i are not significantly
different from n and o, respectively.

e Percentageof phenylalanine in diet is asindicated.
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transplants developed nodules, and many produced tumors,
whereas few nodules and no tumors developed in the donor
mice fed deficient diets (6, 8). The amount of regression
following the removal of the pituitary isografts, however, was
less in the whole-gland transplants than in the host glands or in
the normal outgrowth derived from primary duct transplants.

DISCUSSION

The data presented in Table 1 show that the mammary
gland tissues from C3H mice fed diets deficient in
phenylalanine were capable of nodule and tumor development
following transplantation into isologous mice fed a complete
diet. Few nodules and no tumors were present in the donor
mammary glands before transplantation. The developmental,
noduligenic, and tumorigenic capabilities of donor mammary
gland tissues had not been impaired by the phenylalanine
deficient diets.

The mammary glands of the donor mice fed deficient diets
were poorly developed (6, 8). Whole-gland transplants or
outgrowths derived from primary ducts transplanted into the
gland-free fat pads of host mice fed normal diet showed
normal development. The normal outgrowths resembled the
glands of the host and the outgrowths derived from primary
duct transplants taken from donors fed the stock diet. The
ability of the donor mammary glands to achieve normal
development was not permanently impaired by the deficient
diets.

Among the whole-gland transplants and outgrowths derived
from primary ducts taken from donors fed deficient diets, 21
transplants or 14.2% developed tumors. In contrast, no tumors
developed in the host glands or in the 40 transplants taken
from donors fed the stock diet. Furthermore, in the
transplants taken from donors fed deficient diets, more tumors
developed in the transplants taken from donors bearing
pituitary isografts than from donors without pituitary iso
grafts.

Two possible explanations are suggested by the data. The
preneoplastic HAN formed in the transplants taken from
donors fed deficient diets could have possessed greater
tumor-producing capabilities than the HAN formed in the
transplants taken from donors fed the stock diet. This
explanation is unlikely since it is not supported by
experimental evidence. A second explanation is that the
former group of transplants had been exposed to the
mammary tumor virus for approximately 20 weeks longer than
the latter group of transplants. The former group of donors
were 24 to 25 weeks old when tissues were taken for
transplantation, whereas the latter donors were only 5 weeks

of age. Both donor and host mice were infected with the
mammary tumor virus via their mother's milk. Yiral activity
was found in the blood and HAN in the mammary glands of
donors fed deficient diets. Normal mammary epithelial cells
could have been transformed to nodule cells and the
development of nodules suppressed in the donors fed deficient
diets. These transformed cells could have been present as long
as 20 weeks before similar transformed cells occurred in the
transplants taken from donors fed the stock diet.
Experimental evidence for this explanation is available (1).
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Fig. 1. Inguinal fat pad from a host C3H mouse containing an outgrowth derived from a transplanted primary duct. The outgrowth is well
developed, fills the fat pad, and contains nodules (arrow). The 2 dark masses at the top and bottom of the outgrowth are the lymph nodes. X 8.

Fig. 2. Inguinal fat pad from a host C3H mouse containing an outgrowth derived from a transplanted primary duct. The outgrowth is well
developed and fills the fat pad. Arrow, nodule. The dark mass at the top is a lymph node, and the dark mass at the bottom is a tumor. X 8.

Fig. 3. Part of a brachial mammary gland from a host C3H mouse. The gland is well regressed. Arrow, nodule. x 8.
Fig. 4. A transplanted whole gland taken from a host mouse. The gland has not regressed completely but HAN can be identified (arrow). The

dark mass at the top of the gland is a lymph node. X 8.
Fig. 5. A transplanted whole gland taken from a host mouse. The gland has not regressed completely, but HAN can be identified. Arrow, tumor.

The dark round massat the upper right corner is a lymph node. X 8.
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