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ABSTRACT

We found that prolactin is taken up by mast cells residing in prnlactin-
dependent, 7,12-dimethylbenzanthracene-induced rat mammary tumors.

Light and electron microscopic immunocytochemistry showed that mast
cells concentrate prolactin in their cytoplasmic granules. No prolactin
was found on mast cell surface membranes or in their nuclei. In primary
cultures of tumor cells, mast cells were found mainly in the periphery of
dome structures and these cells concentrated prolactin. When purified
rat peritoneal mast cells were incubated with I25l-labeledprolactin, uptake

was time, energy, and temperature dependent. Seventy % of accumulated
prolactin was released intact from cytoplasmic granules by C48/80-

induced degranulation. A mouse mastocytoma cell line also took up and
released prolactin. These cells contained prolactin receptors (Ka = 4.5
nM) as determined in whole cells (-3150 sites/cell) and in crude mem
branes (-ISO fmol/mg protein). We conclude that mast cells might

significantly influence mammary tumor growth by accumulating and
releasing prolactin within tumor tissue.

INTRODUCTION

Mast cells are absent from bone marrow and the circulation
and are thought to differentiate in connective tissue and serosal
cavities. These cells bear high-affinity IgE receptors, prominent

cytoplasmic granules, and in normal connective tissue, they
synthesize heparin, histamine, and/or serotonin and other me
diators which are stored in their granules. Mast cells are in
volved in allergic or immediate hypersensitivity reactions
through their high-affinity IgE receptors. Because of their het

erogeneity, it has been suggested that mast cells with different
phenotypes perform distinct functions (1).

The presence of mast cells within the strania of'human and

animal neoplasms has been noted often since they were first
reported by Ehrlich in 1877 (2). Increased numbers of mast
cells are present in certain human neoplasms (3-5) as well as
in spontaneous and carcinogen-induced tumors in laboratory

animals (6, 7). The mechanism(s) responsible for mast cell
infiltration of tumors is unknown. It is also not clear if tumor-

associated mast cells affect tumor growth (progression or
regression) or if mast cell cytoplasmic constituents can act
locally to modify tumor responses to humoral factors. We have
found that mast cells constitute a significant fraction of the
total cells in prolactin-dependent DMBA3-induced rat mam

mary adenocarcinoma. In this report we present evidence that
mast cells, by concentrating and releasing prolactin, might play
a role in modulating prolactin-dependent tumor growth.
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MATERIALS AND METHODS

Mammary Tumor Cell Culture

Growing DMBA-induced rat mammary tumors (8) were placed into
primary culture as previously described (9). Briefly, tumors were cut
into small pieces and dissociated using 1% collagenase and 1% hyalu-
ronidase. Dissociated cells were resuspended at a density of 2 x IO6
viable cells/ml in Fisher's medium containing 50 /Â¿ggaramycin/ml, 200
mM L-glutamine, 2% horse serum, 10% fetal calf serum, and IO"4 M ÃŸ-
mercaptoethanol. The cells were plated in Costar 25-cm2 tissue culture
flasks (5 ml/flask) and cultured at 37Â°Cwith 5% CO2 in air. The culture

medium was replaced every 24 h with 6 ml of fresh medium for the
first 3 days and then every second day.

Mast Cells

RPMC were obtained from female Fischer rats (300 g; HarÃan
Industry Corporation) by peritoneal lavage. Fifteen ml of PBS were
injected into the peritoneal cavity of each killed rat followed by abdom
inal massage for 30 s. The peritoneal eluate was aspirated and the cells
were pelleted at 1000 x g for 10 min. The cell pellet was resuspended
in 1 ml of sterile Ham's F12 bicarbonate-free tissue culture medium

containing 1.5% BSA and was layered on top of 7 ml of the same
medium. Peritoneal mast cells were purified by unit-gravity separation
(10). After washing, ~3 x IO6mast cells of >90% purity were obtained

per rat, as assessed by both light and electron microscopy. The mouse
mastocytoma cell line MMC-1 was a generous gift from Dr. Reuben P.
Siraganian, Bethesda, MD. Cells were grown in Fisher's medium con

taining 10% fetal calf serum and 2% horse serum. Two days before
harvesting, cells were placed in medium without fetal calf serum so that
prolactin binding sites would be unoccupied by lactogens.

Response of RPMC to Compound 48/80

Degranulation of purified RPMC was done by incubating RPMC
with C48/80 (1 fig/ml) (Sigma) a compound commonly used to inducegranule release in mast cells (11). The cells were'observed by phase-

contrast microscopy and the rate of degranulation was estimated in the
presence of 0.01% ruthenium red (Sigma) which selectively stains
degranulated mast cells (11) and released cytoplasmic granules.

Immunocytochemical Techniques

Light Microscopy. Prolactin was localized in cryostat sections of
solid tumors, cultured tumor cells, and rat peritoneal mast cells. Cryo
stat sections from tumors were preincubated in Fisher's medium con
taining 100 ng ovine prolactin/ml for 2 h at 37Â°C,washed in PBS, and

then fixed in 4% glutaraldehyde plus 2.5% paraformaldehyde for l h
at 4Â°C.Sections were washed and treated with PBS plus 0.5% BSA.

Primary antisera against ovine prolactin (polyclonal) was from Miles
Corporation (Naperville, IL) and was used at a 1:50 or 1:100 dilution.
Endogenous peroxidase was blocked by using 3% hydrogen peroxide.
The sections were treated with 10% normal rabbit serum and incubated
with the primary antisera for 40 min at room temperature in a humid
ified chamber. Next, the sections were incubated for 30 min with anti-
rabbit IgG followed by rabbit PAP (Miles kit) and stained with 3,3-
diaminobenzidine-tetrahydrochloride with 0.03% HjOz in 0.1 M so
dium acetate buffer (pH 7.0) (12). Nonimmune rabbit serum, in place
of the primary antisera, was used as a control.

Electron Microscopy. Small pieces (1 mm3) of fresh mammary tumor
tissue were incubated in Fisher's medium in the presence of 100 ng
ovine prolactin/ml for 2 h at 37"C. Tissue pieces were washed in 0.1 M

cacodylate buffer, pH 7.2, and fixed in 4% paraformaldehyde-2.5%
glutaraldehyde in 0. l M cacodylate buffer, pH 7.2. Tissues were washed
in cacodylate buffer followed by two changes in 50% alcohol for 10 min
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each and two changes in 80% alcohol for 30 min each. They were then
infiltrated with LR-white resin for two changes of l h each. Tissues
were embedded in LR-white resin in gelatin capsules and polymerized
at 50-55"C overnight. Ultrathin sections were cut and collected on

nickel grids. Grids were floated on drops of 1% BSA in 0.5 Mphosphate
buffer (pH 7.2) for 10 min and then the grids were floated for 2 h on a
drop of the primary antiserum diluted 1:50 or 1:100. Grids were washed
thoroughly and incubated on a drop of Protein A-gold [prepared in our
laboratory (13)] diluted 1:20 in PBS. All incubations were at room
temperature in a humidified chamber. After a distilled water wash, the
grids were stained with 5% aqueous uranyl acetate for 10 min. The
specificity of the immunolabeling was checked in control sections
incubated with nonimmune serum in place of the primary antiserum.

Prolactin Uptake and Binding. '^1 labeled ovine prolactin was pre
pared by lactoperoxidase-catalyzed iodination and purified by DEAE-
cellulose chromatography (14). Purified ovine prolactin was provided
by the National Hormone and Pituitary Program, Baltimore, MD.
Purified RPMC were incubated in 1 ml Ham's F12 medium plus 1.5%
BSA containing IO6cpm I25l-labeled ovine prolactin/ml with or without

2 /ig unlabeled ovine prolactin/ml (times and temperature are given in
the figure legends). Then cells were washed twice in Ham's F12 medium

and resuspended in 1 ml PBS before the bound radioactivity was
counted. To induce granule release C48/80 (1 Mg/ml, final concentra
tion) was added. After 20 min at room temperature the extent of
degranulation was determined in cytospin preparations stained with
toluidine blue. Using the above method, mast cell granules were intact
and were collected in the supernatant following centrifugation at 200
x g for 10 min. The total radioactivity associated with granules and
discharged cells was then determined. Specific prolactin binding is the
difference in the radioactivity of cells incubated with I25l-labeled and

unlabeled prolactin. To measure binding to mastocytoma cell mem
branes, cells were washed and then suspended in 0.25 M sucrose-10 mM
acetic acid-10 mM triethanolamine-1 mM EDTA, pH 7.2. After lysis
with a Dounce homogenizer, unbroken cells and nuclei were removed
by centrifugation at 200 x g for 10 min. The supernatant was centri-
fuged at 20,000 x g for 10 min and the pellet was resuspended in
Earle's balanced salt solution containing 20 mM 4-(2-hydroxyethyl)-l-

piperazineethanesulfonic acid and 0.5% BSA. The crude membrane
suspension was incubated for 18 h at 22Â°Cin a total volume of 400 n\
containing 400,000 cpm I25l-labeled prolactin and 4, 20, 40, 200, or

800 ng (excess) ovine prolactin. The membranes were pelleted at 20,000
x g and washed twice in PBS. The amount of specifically bound
prolactin was then determined. Saturation analysis of binding to whole
cells was done as above except that cells (4 x 106/assay) were incubated
in Fisher's medium containing 0.5% BSA for 2 h at 37Â°Cand then

washed in medium before counting for bound radioactivity.
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis. Purified

RPMC (3 x IO6)were incubated in Ham's F12 medium containing 10'
cpm 125I-labeledprolactin/ml for 2 h at 37Â°C.After centrifugation, the

cells were washed twice with PBS and resuspended in 1 ml 10%
trichloroacetic acid for 60 min at 4Â°C.The precipitate was collected by

centrifugation and solubilized in 50 pi of 1 M Tris buffer, pH 11.0, 50
n\ of 2x sample buffer (15) containing 0.01 M OL-dithiothreitol, and
2.5% lithium dodecyl sulfate. After heating at 100Â°Cfor 2 min, samples

(7 n\) were applied to 15% polyacrylamide minigels and electropho-
resed. Gels were stained with Coomassie brilliant blue and destained
with 5.0% ethanol in 7.5% acetic acid. Autoradiography was performed
on the dried stained gels.

RESULTS

Prolactin Localization. When cryostat sections of fresh mam
mary tumor were incubated with ovine prolactin and then
stained using antiprolactin antisera, positive staining of cells
occurred at a 1:50 or 1:100 dilution of primary antisera (Fig.
la). Staining was limited to cells associated with the connective
tissue layers running along the basal lamina of tumor epithelial
cells and was restricted to cytoplasmic granules with no staining
in nuclei (Fig. le). There was no staining when nonimmune

serum was used in place of primary antibody (Fig. Id). These
cells were identified as mast cells by their characteristic staining
of cytoplasmic secretory granules using toluidine blue (Fig. 1Â¿Â»)
(16). These results indicated that mast cell granules could bind
prolactin. We next used electron microscope immunocytochem-
istry to unequivocally establish the identity of the prolactin-
positive cells as mast cells and determine if prolactin could be
taken up by mast cells. Fresh tumor pieces (1 mm3) previously
incubated with ovine prolactin at 37Â°Cfor 2 h were prepared

for electron microscopy, incubated with antiprolactin antisera,
and stained with immunogold anti-rabbit IgG. Gold particles
were found exclusively within mast cell cytoplasmic granules
(Fig. 2a, b). Variation in the number of gold particles deposited
over the granules was negligible. No gold particles were present
in any other subcellular compartment. Control sections incu
bated with nonimmune serum and Protein A-gold showed no
gold particles (Fig. 2c).

When primary cultures of DMBA-induced mammary tumors
were incubated with prolactin for 2 h and then stained for
prolactin using the PAP technique, prolactin was found in the
cytoplasm of small groups of cells scattered throughout the
culture (Fig. 3a). These cells predominated within dome struc
tures (Fig. 30). Nonimmune serum used in place of primary
antibody showed no staining (Fig. 3e). The identity of the
stained cells as mast cells was determined by electron micro
scopic examination of horizontal serial sections through the
dome region (Fig. 3e). These cells had the characteristics of
mature mast cells. The cells were ovoid with a small central
nucleus and most of the cytoplasmic space was occupied by
large dense membrane-bounded granules. OrgandÃes (Golgi
apparatus, mitochondria, endoplasmic rcticulum) were few in
number and were compressed in a small amount of cytoplasm
between the granules (17).

That tumor-associated mast cells were capable of accumulat
ing exogenous prolactin led us to ask whether or not nontissue-
associated mast cells could also take up prolactin. When cyto
spin preparations of peritoneal washes previously incubated
with prolactin were stained by the PAP technique, intense
staining was found in RPMC cytoplasmic granules (Fig. 3d).
Neither the cell surface nor the nucleus showed any staining.
Preparations incubated with nonimmune serum were unstained.
Erythrocytes, lymphocytes, and eosinophils were negative.
Slight variations in the staining intensity was observed among
RPMC. These results indicate that both tissue and nontissue
mast cells can accumulate prolactin within their cytoplasmic
granules.

Prolactin Uptake and Binding. Purified RPMC were incu
bated with I25l-labeled prolactin to characterize the properties

of prolactin accumulation. The hormone was taken up in a
time-dependent manner and reached a steady state by 2 h at
37Â°C(Fig. 4). The uptake was temperature dependent since, at
4Â°C,much less radioactivity was associated with RPMC, and it

did not increase with longer incubation up to 24 h (Table 1).
Uptake required energy since adding 30 MM5-chloro-tert-butyl-
2'-chloro-4'-nitrosalicylanilide ATP levels by >90% (18),
markedly decreased the amount of I25l-labeled prolactin asso

ciated with RPMC (Table 1).
To examine the release of granule-associated prolactin from

RPMC, cells were prelabeled with 125I-labeled prolactin to

steady state, washed, and resuspended in fresh medium. In the
absence of an inducer of degranulation there was only a modest
amount of prolactin released (Fig. 5). In the presence of C48/
80, which induces granule release, we estimated by phase con
trast microscopy that over 90% of mast cells examined released
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Irregular
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Fig. l. Low (a, ft) and high (c) magnifica
tion light micrographs of cryostat sections (10
j<m) of a DMBA-induced mammary tumor
stained for prolactin with the PAP technique
(a), with toluidine blue (b), and postfixed in
paraformaldehyde-glutaraldehyde. Note in a
and b the large number of darkly stained mast
cells associated with tumor cells (unstained)
and as large aggregates (box). Note in c that
only the cytoplasmic region of the mast cells
is stained with PAP. d, light micrograph of
control cryostat section treated with nonim-
mune serum in place of primary antibody, a,
x 400; *, x 600; c, x 750; d, X 750.
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their granules within 20 min. From 65-77% of total radioactiv

ity was released with the cytoplasmic granules (Fig. 4; Table 1).
To determine if the radiolabeled prolactin taken up and

released by mast cells was intact or degraded, cells were incu
bated with ' -5I-labeled prolactin and cell-associated and released

prolactin was assessed by autoradiography of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis of cells and released

granules. A single band with M, 22,000 was prominent in whole
and discharged cells and cytoplasmic granules (Fig. 6). The
molecular weight is identical to native prolactin demonstrating
that the prolactin taken up and released by mast cells was intact.

Because only about 10" mast cells can be obtained from a rat,

we investigated the possibility of using a continuous mouse
mastocytoma cell line having many of the characteristics of
normal mast cells to further study prolactin binding properties
(19). As with RPMC, prolactin was taken up and an inducer of
granule release, A23197, caused prolactin release (not shown).
Saturation analysis of prolactin binding (Fig. 7) showed that
the cells contained a single class of binding sites (3ISO/cell)
with a KÃŒof 4.5 nM. Similar results were obtained with crude
membranes (Kd, 4.5 nM; 183 fmol/mg protein; data not shown).

DISCUSSION

DMBA-induced rat mammary tumors have been shown to be
rich in mast cells (20, 21). Our results confirm these observa
tions. In addition, we found that the mast cells take up and
accumulate prolactin within their cytoplasmic granules. The
presence of hormones within secretion granules has been ob
served in several other tissues. Cruz et al. (22) have shown that
the 125I-labeled insulin is taken up mainly into zymogen gran

ules of pancreatic acini, where it remains. Duello et al. (23)
found that a radiolabeled gonadotropin-releasing hormone ag
onist is taken up into rat pituitary gonadotropin secretory
granules. Through immunocytochemical studies, hormone
receptors have also been detected within secretion granules.
Wagner et al. (24), and Millar et al. (25) found that the majority
of luteinizing hormone-releasing hormone receptors were in
secretion granules of rat pituitary gonadotrophs and not on the
plasma membrane. Zolman and Valenta (26) found high levels
of gonadotropin-releasing hormone receptors on isolated secre
tion granules from bovine anterior pituitary. In addition, these
isolated granules released prolactin and growth hormone after
stimulation by thyrotropin-releasing hormone or by partially
purified prolactin-releasing factor. The functional significance
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Fig. 2. Low (a) and high (b) and (c) mag
nification electron micrographs of mast cells
residing in a DMBA-induced mammary tu
mor, a and b are ultrathin sections treated with
prolactin antiserum and Protein A-gold. Spe
dile staining with gold particles is seen in the
mast cell cytoplasmic granules, c, control sec
tions incubated with nonimmune serum and
Protein A-gold complex. HC. blood capillary;
N, nucleus, a, x 5,000; 6, x 35,000; c, x
30,000.
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of receptors within the secretion granules is unknown. However,
these receptors might play an important role in internalization
and maintenance of the hormone within the granular matrix. It
has also been reported that mast cells concentrate exogenous
substances (toxins, enzymes) within their cytoplasmic granules.
This action might provide a mechanism for the mast cell to
regulate the activity of these agents (27, 28). We do not yet
know if mast cells are capable of concentrating other hormones
(i.e., epidermal growth factor, insulin) which may play a role in
regulating mammary tumor growth.

Our results indicate that mast cells possess receptors for
prolactin. However, the mechanism of uptake into granules is
unknown. Since binding to whole cells at 37Â°Cis 5-6 times
that seen in cells incubated at 4Â°Cor after energy depletion

(Table 1) one possibility is that surface receptors are recycled
and prolactin is delivered to granules. We do not know if

receptors are also present in secretion granules. Also, the intact
granule environment might not be conducive to maintaining
the prolactin-receptor interaction. However, that prolactin
binds to granules in frozen sections of tumor tissue indicates
that it can become tightly associated with granule constituents
under the experimental conditions used. Further studies are
necessary to determine if granule membranes do contain recep
tors.

Although we have no direct evidence that the mast cells
within tumor tissue also contain prolactin receptors, the fact
that they can accumulate prolactin in their secretory granules
suggests that receptors are present. That the mammary tumors
used in this study possess prolactin receptors is well established
(9). However, prolactin binding to tumor cells was not observed
by immunocytochemistry. This lack of binding is likely due to
(a) the paucity (~100 sites/cell) of receptors on the surface of
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Fig. 3. Light micrographs of a primary cul
ture of mammary tumor cells (a-c) and RPMC
((/). Cells were maintained in culture for 10
days in Fisher's medium containing 10% fetal
calf serum and then in Fisher's medium with

2% horse serum for 2 days (to deplete cells of
lactogen present in fetal calf serum). Prior to
staining for proludili with PAP, the cells were
incubated in Fisher's medium in the presence
of 100 ng ovine prolactin/ml for 2 h at 37Â°C.

Mast cells are deeply stained (open arrows, a),
whereas tumor cells (>) are unstained; in h mast
cells are mainly found within the dome struc
ture (arrowheads); and in <â€¢when nonimmune
serum was used in place of primary antiserum,
no reaction product was detected in mast cells
of dome structure (arrowheads), d, RPMC
were preincubated in Ham's F12 medium plus

1.5% BSA in the presence of 100 ng proludili
and stained with the PAP technique. Staining
is only within the cytoplasmic granules, e, elec
tron micrograph of horizontal section through
the dome structure of cultured mammary tu
mor (inset). Mast cells can be identified by the
presence of a large number of dense cyto
plasmic granules, a, x 1,600; b, x 400; c. x
750; rf, x l,600;e, x 12,000.

Control

Peritoneal Â£
Mast cells

;W
"**

IIP'-

" v',T*â€¢'

tumor cells (18), (b} that prolactin accumulation in tumor cells
requires 24-48 h of incubation (29), and (c) that mast cells
rapidly concentrate prolactin in secretory granules.

Results of morphological studies have confirmed a local
change in the number and/or cellular activity of mast cells
during a variety of inflammatory, immunological, metabolic,
reparative, or neoplastic responses (30-32). Thus, a variety of

physiological and pathological states might be capable of mod
ulating local prolactin concentrations in the vicinity of the
tumor cells.

The role of mast cells in inhibiting tumor growth has been
discussed in several articles and has been attributed to mast cell
constituents. Farram and Nelson (33) reported that the ability
of mast cells to kill tumor cells is due to the presence of
serotonin and proteases rather than histamine or heparin. Do-

vorak et al. (34) found that proteases in guinea pig basophils
could kill tumor cells directly by destroying their surface. Hen
derson et al. (35) have suggested a role for oxidants. In the
presence of HhCh, the peroxidase contained within released
mast cell granules could potentially produce highly reactive
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Fig. 4. Uptake and compound 48/80-induced release of prolactin (oPrl.) from
mast cells. Cells were incubated with >2:I-labeled prolactin and washed at intervals.

Compound 48/80 was added and the amount of bound radioactivity determined
after incubation for 20 min at 22Â°C.

Table 1 Uptake and release of '"Â¡-labeled prolactin from RPMC
RPMC were incubated with '25I-labeled prolactin with or without unlabeled

prolactin. After washing, specifically bound radioactivity was determined. Cells
were then incubated with C48/80 for 20 min at 22*C and the amount of bound

prolactin released was determined. Each value is the mean of triplicate determi
nations.

Experi
ment12Specific

prolactin
Temperature binding (cpm/3
CC)/time (h) x 10'cells)37/2

37/2 + 5-chloro-/Â«f-
butyl-2'-chloro-4'-

nitrosalicylanilide37/2

4/4
4/2433260

518015540

3120
1110Discharged

prolactin
(% total)70

1677

20

4 Hours

Fig. 5. Spontaneous release of prolactin (oPrl.) from mast cells. The cells were
incubated for 2 h with '"I-labeled prolactin (10 cpm/ml) with or without an
excess of unlabeled prolactin. After washing, the release of specifically bound 12!I-
prolactin was determined.

oxygen species which might directly destroy the tumor cells.
In contrast, Roche (36) showed that mast cell granules en

hance tumor cell proliferation in vitro. Also, Riley (37) reported
that mast cell degranulation leads to proliferation of the con
nective tissue cells both in vitro and in vivo, an effect attributed
to histamine by Franzen and Norrby (38). Preliminary experi
ments performed in our laboratory indicate that mast cell
granule constituents inhibit the growth of the prolact in-depend
ent lymphoma cell line, Nb2, but we have found also that mast
cells themselves are not cytotoxic to growing cultures of mam
mary tumor cells. Kidwell and Shaffer (39) recently presented
evidence to support a model where mammary gland-associated
mast cells as well as fat cells participate in regulating normal
and neoplastic mammary cell growth. They suggested that
prolactin stimulates epithelial cells to release a mediator that
causes histamine release from mast cells. The histamine, in
turn, acts on fat cells to cause release of fatty acids. The fatty
acids along with prolactin stimulate mammary cell growth.

<97.4
<66-2

<45

Â«

O

<21-5

<14.4

ABC
Fig. 6. Polyacrylamide gel electrophoresis of ' "'I-labdcd prolactin associated

with mast cells. Mast cells were incubated with '"I-labeled prolactin for 2 h at
37"l '. washed, and incubated with C48/80 to induce granule release. A, discharged

cells; B, whole cells; C, released granules. Mol. Wt., molecular weight.

.02 .04 .06 .08 .1 .12
Prolactin Bound (nM)

15

Total Prolactin (nM)

20

Fig. 7. Saturation analysis of 125I-labeledprolactin bound to mouse mastocy-
toma cells (MMC-1). Cells were incubated for 2 h with '"I-labeled prolactin and

increasing concentrations of unlabeled prolactin. Cells were washed and specific
binding was determined. Inset, Scatchard analysis.

Alternatively, the concentration and release of prolactin by
tumor-associated mast cells could explain the fact that these
tumors are hypersensitive to prolactin compared to normal rat
mammary tissue. These tumors, unlike normal mammary tis
sue, grow at normal plasma levels of prolactin but regress when
plasma prolactin levels are decreased (40). Since mast cells are
found adjacent to tumor cells, they could supply a locally high
level of prolactin to stimulate growth.

Although the precise interactions between mast cells, their
constituents, and prolactin, in regulating tumor growth are
unknown, our results suggest that the prolactin-dependent
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growth activity of DMBA-induced mammary tumors can be
controlled, in part, by storage and release of prolactin within
tumor-associated mast cells. Further studies of tumor-mast cell
relationships should provide a more detailed understanding of
the role of host-tumor interaction in regulating mammary tu
mor growth.
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