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Summary.-Ten benign breast tumours from 9 female patients (8 with fibrocystic
disease and 1 with fibroadenoma) and I male patient (with gynaecomastia) were
processed into slices and individually cultured for 2 days in serum-free Medium 199.
[3H]-TdR was added to the culture medium to assess DNA synthesis. The addition
of human prolactin to the culture medium (500 ng/ml) significantly (0-05 > P > 0.01)
increased DNA synthesis; all 9 biopsy specimens from the 9 female patients respon-
ded positively to this hormone. Ovine prolactin (500 ng/ml) and bovine prolactin
(500 ng/ml) increased the mean incorporationof [3H]-TdR into extracted DNA and
increased the mean number of [3H]-TdR-labelled cells, but this increase did not
reach the 5% level of probability. The sole case of male breast dysplasia analysed in
this study did not respond to either human, ovine or bovine prolactin. These results
provide evidence that human prolactin and, to a lesser degree, ovine and bovine pro -

lactin are direct mitogenic stimulants to the epithelium in human (female) benign
breast tumours.

IT HAS BEEN REPORTED fron-i numerous
laboratories that a hyperprolactinaemia in
intact mice or rats results in a profound
increase in the growth of the mammary
gland (Bardin et al., 1966; Welsch et al.,
1968). The mammotrophic effects of pro-
lactin on the rodent mammary gland may
be direct and/or indirect, i.e. via the ovary.
To determine whether or not prolactin is
directly mitogenic to the mammary gland,
a number of laboratories have used cell or

organ culture to resolve this question. The
results of these studies have not been con-
sistent or conclusive. In mice, Mayne &
Barry (1970) and Oka & Topper (1972)
found no stimulatory effect of prolactin
on DNA synthesis by organ cultures of
mammary gland, whereas Mukherjee et al.
(1973) have provided evidence to the con-

trary. In rats, Dilley (1971) and Hallowes
et al. (1973) have reported that prolactin is

mitogenic in vitro to the mammary
epithelium, whereas Koyama et al. (1972)
did not see any stimulatory effect of pro-
lactin on mammary-gland growth in
vitro.

Explants of human breast, both normal
and hyperplastic (unlike scirrhous carcin-
oma) can also be readily maintained in
short-term organ culture (Welsch et al.,
1976; Welsch & McManus, 1977; Welsch
et al., 1978). Ceriani et al. (1972), using
strictly morphological criteria, concluded
that the addition of ovine prolactin to
culture media containing explants of
normal human breast tissues stimulated
the epithelium contained in the explants.
Flaxman & Lasfargues (1973), using
objective criteria ([3H]-TdR labelling in-

dex), reported that bovine prolactin was

mitogenic to explants of normal human
breast tissue in vitro. Dilley & Kister (I 975)
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small slices were pooled and placed in 10 x

30mm Falcon disposable Petri dishes, 10
slices/dish. In addition, a single larger slice
(3 x 3 mm) was added to each small Petri
dish. Each Petri dish contained 2-0 ml of the
culture medium.
Each biopsy specimen was divided into 4

groups (a control and 3 experimental groups).
Each group had 9 small Petri dishes contain-
ing a total of 90 small slices and 9 larger
slices. The small Petri dishes were placed in a

covered water-saturated larger Falcon dis-
posable Petri dish (15 x 100 mm), 3 small
dishes per larger dish. These Petri dishes
were then placed in a small gassing chamber
and housed in an incubator at 37T. The
chambers were continuously infused with gas
(95% 02-5% C02) during the culture period.
All biopsy specimens were individually cul-
tured; slices from different specimens were
never combined. The large number of ran-

domly selected small slices per group provides
reasonable assurance that an equal quantity
of epithelium is distributed among the groups
at the onset of culture.
The culture medium used in these studies

was Medium 199, modified Earle's salts
(1250 mg NaHC03/1) obtained from Grand
Island Biological Co., Grand Island, NY. The
hormones used in this study were human
prolactin (NIH-hPr-VLS-3), bovine prolactin
(NIH-B-3) and ovine prolactin (NIH-8-12)
and were added to the culture media at a
concentration of 500 ng/ml. After all addi-
tions, the media were passed through a Milli-
pore filter (0-45 ttm), added to the Petri
dishes, and the entire culture assembly was
frozen (-20T) until the biopsy specimens
were brought to the laboratory (within 1
month).
At the end of culture, 4 h before termina-

tion, sterile (methyl-3H)-thymidine ([3H]-
TdR) (New England Nuclear, Boston, MA,
56-9 Ci/mmol) was added to the culture
medium at a concentration of 1-0 .Xi/ml.
Termination of the cultures was designed to
facilitate quick removal of the small slices
from the media in order to obtain a wet
weight for each group, and then storage in
0-9% NaCl solution at -20'C until DNA
extraction and analysis. The larger slices
were also quickly removed, fixed in 10%
buffered formalin, and stored for radioauto-
graphic and histological analyses.
For DNA extraction and analysis, the

tissues from each group were ground in 0-9%

reported that human prolactin but not
ovine prolactin was capable of stimulating
in vitro growth of normal human breast
tissues. Although several laboratories have
reported the effects of prolactin on the
metabolic activity of human breast carcin-
oma in vitro, with varying conclusions (for
review, see Welsch & Nagasawa, 1977), to
our knowledge these 3 reports are the sole
studies which have attempted to deter-
mine whether or not prolactin has a direct
mitogenic effect on normal human breast
epithelium in vitro.

Biopsy specimens of benign human
breast tissues contain an array of normal
and hyperplastic epithelial tissues. In
recent reports, we have provided evidence
that DNA synthesis by the epithelium of
these benign dysplasias is stimulated in
vitro (Welsch & McManus, 1977) and in
vivo (McManus et al., 1978; McManus &
Welsch, 1979) by human placental lacto-
gen (HPL) but not by human growth
hormone (HGH) (Welsch et al., 1978). The
purpose of the work reported here was to
ascertain via organ-culture experiments
whether prolactin, obtained from 3 differ-
ent species (human, bovine and ovine), is
capable of stimulating DNA synthesis of
the epithelium contained in these human
breast dysplasias.

MATERIALS AND METHODS

Ten benign breast tumours obtained from
9 female patients (8 with fibrocystic disease
and I with fibroadenoma) and I male patient
(with gynaecomastia) were placed in a
chilled holding medium and returned to the
laboratory within 30 min. The biopsy speci-
mens were immediately and carefully trimmed
ofadipose tissue while immersed in the holding
medium. All tissue preparations were per-
formed in a laminar flow hood under aseptic
conditions.

Slices of biopsy specimens were prepared
with the aid of a Stadie-Riggs tissue slicer
and a No. 10 Bard-Parker surgical blade.
Each biopsy specimen provided 5-15 large
slices 0-1-0-3 mm thick and ran-ain-a from
10 to 15 mm in diameter. Each slice was pro-
cessed by a series of halvings with a surgical
blade, each half being halved again and again
until the slices measured I x I mm. These
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Radiolabelled epithelial cells, for a total of
6 sections for each slice, AA-ere counted. Only
cells bearing > 10 silver grains AAere scored
as positive. With the use of a juin grid, an

estimate of the area of the epithelium in the
6 sections of each slice was obtained and the
number of radiolabelled cells per slice per
unit area of epithelium AA-as calculated. A unit
area of epithelium is defined as 10 squares, of
the 100-square grid, AA,hich is equivalent to
0.1 MM2. This method, previously published
(McManus et al., 1978) is time-conserving,
precise and allows for an analysis of a larger
area of tissue. The mean number of radio-
labelled cells per unit epithelium and standat-d
error of the mean AN-ere calculated. Mean
differences between number of radiolabelled
epithelial cells per slice per unit, area of epi-
thelium for each group were evaluated statis-
tically by Student's t test for paired observa-
tions.

RESULTS

The addition of humaii prolactin to
2-day organ ctiltures of 9 benign hitnian
breast tumours obtained from 9 female
patients significantly (P < 0-05) increased
the meaii incorporation of [3H]-TdR into
chemically extracted DNA (Fig. 1) and
significanfly (P < 0-01) increased the niean
number of [3H]-TdR-Iabelled epithelial
cells per unit area of epitehlium (Table).
All 9 human breast-tumour biopsy speci-
mens showed increases in the specific
activity of [3H]-TdR in DNA and in-
creases in the number of [3H]-TdR-
labelled cells when liuman prolactin was
added to the culture medium.
The addition of ovine or bovine pi-o-

lactin to the culture medium increased the
mean incorporation of [3H]-TdR into
chemically extracted DNA (Fig.) and
increased the mean number of [3H]-TdR-
labelled epithelial cells (Table) but these
increases did not reach the 5% level of
statistical probability. Only 3/9 human
breast tumour biopsy specimens showed
increases in the specific activity of [3H]-
TdR in DNA and increases in the number
of [3fl]-TdR-labelled cells when ovine or
bovine prolactin was added to the culture
media. The sole fibroadenoma analysed in
this study did not respond significantly to

NaCl solutioti with a Willeins Polvtron hoiiio-
genizer. An equal volume of 20% trichloro-
acetic acid AN-as added to the homogenate; the
resulting precipitate was centrifuged (6800 g)
and washed twice with 10% trichloroacetic
acid. The precipitate iAvas then washed t-wice
in sodium acetate-methanol solution and in
chloroform-methanol, once in 100% ethanol.
and once in 100% ethyl ether, in that ordei-,
to remove lipid and H20- In all the foregoing
procedures, the preparations -were kept con-

stantly cold. The defatted-dehydrated extract
AN,as placed in a ventilated fume hood (12-
18 h), then in a vacuum desiccator (24 h),
and subsequently weighed.
The defatted-dehydrated extract was di-

gested (3 h. 37'C) with repeated stirrings in
0-3N KOH. The preparation was cooled, pre-
cipitated AAith cold 10% perchloric acid,
centrifuged (6800 g) and washed t-wice. The
precipitate ANas then incubated for 30 min
with constant sitri-ing in hot (70'C) 5% per-
chloric acid in which the DNA AN-as soluble.
This preparation AA-as cooled, centrifuged
(6800 g) and washed twice with cold 5%
perchloric acid. The supernatant -was collected
for DNA and [3H ]-TdR analysis. DNA con-
tent -was quantitatively determined (in
duplicate) by the diphenylamine colorimetric
method of Burton (1956). Calf thymus DNA
(Sigma Cheinical Co., St. Louis, MO) Ax-as
used as a standard. The [3H]-TdR content
was determined by pipetting aliquots (in
triplicate) of the supernatant into modified
Bray's, scintillation fluid. The samples AA-ere
counted in a Beckman LC-IOOC liquid scintil-
lation counter Ai-ith a counting efficiency of
51%. The results were expressed as ct/inin of
13H]-TdR per ttg DNA. Significance of differ-
ences bet-ween mean ct/min/.ug DNA values
of each group AAas analysed by the t test for
paired observations.

Foi- radioautographic analysis, the, fixed
slices (9 slices/group) -were embedded in Para-
blast, a synthetic paraffin, sectioned at 5-7
.uni and mounted on glass slides. Six sections
AA-ere used foi- radioautography. Each slice,
therefore, provided 6 sections. The 6 sections
were taken at 20-50pm intervals through the
entire slice. The slides for radloautography
AN,ere dipped in Kodak NTB2 nuclear tract
emulsion (Eastman Kodak Co., Rochestei-,
NY), dried and exposed to the einulsion for
3 -weeks at VC. They -were then developed and
stained (haematoxylin and eosin) by a stan-
dard method (Walker, 1959).
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TABLE. --Kffe,Ct of hwitan, oviiie and bovine,
prolactin on number of [3H]-TdR-labelled
epithelial Cell8 in 2-day organ cultures of
9 benign human bre(18t tumour8

Radioautographic aiialysis indicates that
virtually all of the [3H]-TdR-labelled cells
were epithelial; silver grains were rareiv
seen over the nuclei of fibroblasts.

Because of the rarity of humaii male
breast tumours, we seldom have the
opportunity to obtain and culture these
breast dysplasias. lnterestinglv, in the
sole male breast dysplasia analysed in this
study (gynaecomastia) neither [3H]-TdR
incorporation into chemically extracted
DNA or number of [3H]-TdR-labelled
cells were increased by human, ovine or

bovine prolactin, although this specimen
was adequately maintained in culture.

DISCUSSION

The pi-imai-y structure of litttiian,
bovine and ovine prolactiii has been
studied by a number of laboratories
(Lewis et al., 1972; NN'allis, 1974). All 3
hormones have a mol. wt of , 22,500 and
have 3 disulphide bonds. Fluman and
ovine prolactin have 198 amino-acid
residues and bovine prolactin has 19.9.
The amino-acid sequence homologies of
ovine and bovine prolactin are nearly
identical. Only 3 differences in amino-
acid sequence have been observed: at
Residue 108, alanine (Bov) replaces valine
(Ov), at Residue 165, tyrosine (Bov)
replaces histidine (Ov), and an extra resi-
due of leucine at Position 88 in bovine
prolactin. In contrast, the sequence
homology of human prolactin, when com-

pared with ovine or bovine prolactin, is
similar but far from being identical.
Human and bovine (or ovine) prolactin
differ in sequence homologies at , 20% of
the amino-acid residues. It is clear, there-
fore, that bovine and ovine prolactin are

structurally nearly identical whereas
human prolactin has significant structural
deviation from the other two.

This study provides evidence that,
human prolactin is mitogenic to the
epithelium of benign human bi-east
tumours. When human prolactin was a

component of the culture medium, both
the specific activity of [3H]-TdR in

Alean labeltirig index
(No. labelled cells/unit
area of epithelium*)

36-0 + 7-1
46-1 + II-2
52-6 + 11-6
49-3 + 7-8

Significance
(contrrols)

V8

N.S.
N.S.
p < 0-01

Ti-eatmetit
Coiitl-ol
ONTO
Bo-,,]-'i-I
Hui'rl

Mean+s.e. of 9 individually cultured litiman
breast ttimoui-s obtaine(i from 9 female patients.

320

280

240

3H- thymidine 200

per
ijg DNA
ct/min 160

120

80

40

0

Control OvPri BovPri HuPri

Fi(,..-Effect of liuman, ovine and bovine
prolactiii on [3H]-TdR incorporation into
DNA of 2-day organ cultures of 9 benign
liuman breast tumours.

'Nleans of 9 individually cultui-ed liumati
breast tumours obtained from 9 female
patients are sliown witli the s.e. indicate(I.

Control v8 HuPrl, P < 0-05.
Control vs 0-,-Prl or BovPrl, no significant,

(lifference.

ovine or bovine prolactin but did respond
to human prolactin. There were no readily
apparent morphological changes due to
prolactin treatment; all groups, including
controls, showed excellent preservation of
original morphology and cellular viability.
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chemically extracted DNA and the num-

ber of [3H]-TdR-labelled cells were in-
creased in all 9 of the female biopsy speci-
mens analysed. The 2 techniques of assess-

ing DNA synthesis, therefore, were in
total agreement. The radioautographic
technique is important for it is not only
quantitative but also qualitative, i.e. it
allows one to determine which cell type
(epithelial or connective tissue) is respond-
ing to the hormonal stimulus. It is clear
from these results that it was the epi-
thelial elements of the benign human
breast tumours that responded to pro-
lactin; rarely were silver grains seen over
the connective-tissue elements of this
tissue. Dilley & Kister (1975) briefly re-

ported that human prolactin stimulated
DNA synthesis of organ cultures of normal
human breast tissues. Their results are
similar to ours despite a slightly different
experimental design. They cultured the
explants for 4 days, used a different
chemically defined culture medium, added
insulin to the culture medium, and used a
10-fold greater medium concentration of
human prolactin. The studies of Dilley &
Kister (1975) and ourselves are the only
ones, to our knowledge, attempting to
determine whether human prolactin is
mitogenic to the non-cancerous human
breast.

Ovine (Ceriani et al., 1972) and bovine
(Flaxman & Lasfargues, 1973) prolactin
have been reported previously to stimu-
late growth of organ cultures of normal
human breast tissues. We were able to
demonstrate a mean increase in [3H]-TdR
incorporation into DNA and a mean in-
crease in the number of [3H]-TdR-
labelled cells when these pituitary pep-
tides were added to the culture media,
although this mean increase was not
statistically significant (P > 0.05). The
response of the cultured human breast
tissue to the herbivore prolactins, unlike
that with human prolactin, was incon-
sistent. It is interesting to note that, of
the 3 biopsy specimens responding to
ovine prolactin and the 3 responding to
bovine prolactin, 2 were from the same

biopsy. This suggests that certain human
breast specimens can respond to herbivore
prolactins, but others cannot. Although
the herbivore prolactins may be capable
of stimulating growth of certain human
breast tissues, it appears that these pro-
lactins are less efficacious, certainly less
consistent, than human prolactin in this
respect. Similarly Kleinberg & Todd
(1978) reported that human prolactin was

considerably more effective than ovine
prolactin in stimulating ot-lactalbumin
synthesis by organ cultures of primate
mammary tissues.

It is interesting to note that of the I 0
biopsy specimens analysed in this study
the only one not responding to human pro-
lactin was the only one from a male
patient (gynaecomastia). This specimen
did not respond to ovine or bovine pro-
lactin either. No difficulty was encountered
in maintaining this specimen in culture, as
cell viability, as with the specimens from
female patients, was well maintained.
Whilst one cannot draw definitive con-
clusions from data derived from a single
specimen, this observation is worthy of
note.
The tissue analysed in this study was

derived from biopsy specimens of benign
breast disease, most of which were histo-
pathologically diagnosed as fibrocysticaisease. All these specimens contain vary-
ing amounts of normal and hyperplastic
breast tissues, the former component
being predominant. (The term "normal"
refers to tissue that appears normal
morphologically.) In the previously men-
tioned studies of Dilley & Kister (I 975),
Ceriani et al. (1972) and Flaxman &
Lasfargues (1973), the tissue was acquired
either from benign breast biopsy speci-
mens or from mastectomized carcino-
matous breasts. The tissue obtained for
culture, which was described as normal,
was derived from sites distant from the
primary dysplasia. The tissue which we
analvsed in our study was derived diTectly
from biopsy of a breast with benign
dysplasia. Because our tissue was derived
from a bona fide benign tumour, we hesi-
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tate to call it normal, despite the fact that
most of the specimens appear normal
morphologically. The tissue which we

analysed, however, may be similar to that
analysed in the aforementioned studies.
The in vitro stimulation by prolactin of

DNA synthesis by the epithelial tissue
contained in benign human breast tumours
suggests that this pituitary peptide may
play a role in the aetiology of this disease.
A recent report by Cole et al. (1977) has
provided evidence that women with be-
nign breast disease have higher than
normal blood prolactin levels. Whilst con-

clusive evidence linking benign breast
disease to prolactin is lacking, the results
of our study, and the aforementioned
studies, do provide evidence that such a

link is possible.
This study was supported by American Cancer

Society Research Grant No. BC-220-C.
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