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Prolactin (PRL) is a mitogenic hormone that shares characteristics with growth factors. Recent
reports that rat mammary tissue expresses PRL mRNA led us to hypothesize that PRL acts as an
autocrine/paracrine growth factor in the mammary gland, and may be a determinant in mammary
carcinogenesis. To examine this, mammary tumors were induced in rats by injecting the carcinogen
nitrosomethylurea (~NMU). In vitro studies utilized an NMU-derived mammary tumor cell line. The
mammary tumors and the cell line express mRNA for both PRE and PRL receptor, as assessed by
reverse transcriptase (RT)-PCR. Immunoreactive PRL was detected in the NMU-induced tumors.
NMU cells were cultured with PRL antiserum. The PRL antiserum inhibited cell proliferation 40-50%
as compared to normal rabbit serum (NRS) or GH antiserum. In summary, we have shown that
NN'U-induced mammary tumors express mRNA for PRL and PRL receptor. The addition of PRL
antiserum to cultured NMiU cells inhibited their growth. We propose that PRL may be acting as a
local growth factor that stimulates proliferation of mammary tumors.
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INTRODUCTION:

Prolactin (PRL) is a pituitary polypeptide hormone whose classic target is the mammary gland.
The mitogenic effects of PRL in the mammary gland support a role for the hormone in mammary
carcinogenesis. However, circulating PRL levels correlate poorly with the incidence and severity
of breast cancer, and treatments that suppress pituitary PRL release have not improved outcome
(1). Consequently, PRL has been largely disregarded as a significant determinant in breast cancer.
The recent demonstration that mammary tissue produces PRL (2-5) raises the possibility that PRL
acts as a locally produced growth factor, exerting paracrine or autocrine effects, independent of
its circulating levels.

Growth factors are emerging as important mediators of carcinogenesis and have been implicated
in malignant transformation, tumor cell proliferation and tumor progression. PRL shares several
characteristics with growth factors, including multiple extrapituitary sites of synthesis, wide
distribution of receptors, homology of the PRL receptor to those of the cytokine/hematopoietic
growth factor family, similarities in signal transduction pathways, and mitogenic and morphogenic
actions. Indeed, PRL has been shown to act as an autocrine growth factor in two cell types, the
somatomammotroph (GH3) cell line (6) and lymphocytes (7).

In this study, we examined the hypothesis that PRL is produced by mammary tumors and acts as a
local mitogen involved in tumorigenesis. For an in vivo model, we used rat mammary tumors
induced by the carcinogen nitrosomethylurea (NMU; 8). As an in vitro model, we used an NMU-
derived rat mammary tumor cell line. The objectives were to: a) demonstrate local expression of
both PRL and PRL receptor, and b) determine whether local PRL affects proliferation of
mammary tumor cells.

BODY:

Materials and Methods

Animals
Forty-five day old female Fischer 344 rats were given two i.v. injections, one week apart, of
NMU at 5 mg/100g BW. Mammary tumors developed within 80-100 days. Rats with large
tumors (2-3 cm in diameter) were either sacrificed or were ovariectomized (OVEX) and sacrificed
10 days later. Tumors were removed and stored at -70C until use. Mammary tissue from
lactating rats (1-2 days postpartum) served as controls. All experiments were approved by the
University of Cincinnati Institutional Animal Care and Use Committee.

RATA isolation and RT-PCR
Tissues were homogenized in guanidinium thiocyanate buffer and total RNA was isolated by
phenol/chloroform extraction. Reverse transcription of 1 [ig RNA was performed using
Superscript reverse transcriptase primed with oligo-dT and then subjected to PCR, using the
following primers. For rPRL, the 5' primer, located in the 3rd exon, had the sequence 5'-
GATCGTGAGTTTATTGCCAAGGCC-3' (nucleotides 268 to 291) and the 3' primer, located in
the 5th exon, was 5'CTTGCAGGGATGGGAGTTGTGACC-3' (nucleotides 578 to 601), with a
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predicted product size of 334bp. For the rPRL receptor, 2 sets of primers were used to detect the
long or short isoform. The upstream primer for both, 5'-ATGGATACTGGAGTAGATGGAGCC
-3', was derived from a sequence in the region common to the two receptors (nucleotides 620 to
643). Utilizing downstream primers specific to the long (5' -CCAGAGTCACTGTCGGGATC
TAAG-3', (nucleotides 1011 to 1034), or short (5'-GAGGCTCCTATTTGAGTCTGCAGC-3',
(nucleotides 935 to 958) forms, yielded product sizes of 415 and 339bp, respectively. After
denaturation at 95C for 5min, the reaction was carried as follows: 94C for 30s, 65C for 15s, and
72C for 45s. The PCR products were visualized on ethidium bromide-stained agarose gels. For
Southern analysis, PCR products were transferred to nylon membranes and hybridized to cDNA
probes, random primer labelled with 32p-dCTP. Each experiment was repeated 3 times.

PRL Immunoreactivity
Tissues were homogenized in IN acetic acid, centrifuged at 10,000xg for 10 min and the
supernatants dialyzed overnight and lyophilized. Samples were reconstituted in RIA assay buffer
and analyzed in serial 2-fold dilutions. Rat PRL RIA was performed using reagents obtained from
the NIDDK hormone distribution program, with an assay sensitivity of 50 pg/tube. Intra- and
inter-assay coefficients of variation were 7% and 9%, respectively.

Cell culture and cell proliferation assay
NMU cells were obtained from ATTC and cultured in DMEM containing 10% fetal bovine serum
(FBS). Before an experiment, cells were incubated for 24h in DMEM/I% FBS, detached by
trypsinization and plated at a density of 2 to 16 X10 3 cells/well. After confirming cell attachment,
the cells were incubated with dialyzed antisera to rPRL (NIDDK, IC4) or rGH (NIDDK, IC 1), or
with dialyzed NRS at a dilution of 1:300. After 48h, relative cell density was determined by the
MTT assay. In this assay, cell number is proportional to optical density at 570 nm. All data are
presented as mean ± SEM; significant differences were calculated by two-way analysis of variance
with Duncan's multiple range test. Each experiment was performed 3 times.

Results

Detection of PRL in mammary tissue
PRL transcript was detected in the lactating mammary gland, NMU-induced mammary tumors,
and the NMU cell line (Fig. 1, upper panel). Products of the expected size were seen, and
confirmed by Southern hybridization to a rPRL cDNA probe (Fig. 1, lower panel). The mammary
and tumor PRL PCR products were sequenced and found identical to pituitary PRL.
Interestingly, an additional band of approximately 210bp was seen on the Southern blot in the
tumor, but not in the lactating mammary tissue. OVEX resulted in a marked decrease (>50%) in
the size of the tumors studied. However, the effect of OVEX on the expression of PRL was
neither large nor consistent (Fig. 1). Immunoreactive PRL was detected in the mammary tumors
(Fig. 2). Homogenates of tumor tissues contained an average of 0.3 ± 0.3 ng/mg protein. The
dilution curve of mammary tumor PRL was parallel to the standard curve.

Expression of the PRL receptor by mammary tissue
All mammary tissues expressed mRNA for the PRL receptor, including the long and short
isoforms (Fig. 3, upper panel). The PCR products were of the expected sizes, and hybridized
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strongly to a eDNA probe common to the two isoforms (Fig. 3, lower panel). A predominance of
the long form was seen in the lactating mammary tissue, whereas equal amounts of the two
isoforms were observed in the tumors. The short form could not be detected in the NMU cell line
(Fig. 3); although a PCR product of greater than expected size was seen, it did not hybridize on
the Southern analysis and was considered an artifact. OVEX had no consistent effect on the
expression of the PRL receptor, nor on the relative amounts of the two isoforms in the tumors.
An additional, smaller PCR product was seen in the reaction for the long form of the receptor in
the tumor, which also hybridized to the PRL receptor probe; this product was not seen in the
lactating mammary tissue.

Suppression of NMU cell proliferation by PRL antisera
The addition of rPRL antiserum to NMU cells markedly inhibited their proliferation, compared to
cells incubated with either NRS or rGH antiserum (Fig. 4). This inhibitory effect was dependent
on cell density, resulting in 65-70% suppression at the low initial cell density and 35-40% at the
higher density. This inhibition was statistically significant at all initial cell densities (P<0.05). It is
of interest that such marked inhibitory effect was not seen with two other PRL antisera, i.e., IC5
from NIDDK or an antiserum produced by this laboratory (data not shown). Exogenous rPRL
did not reverse the effect of the PRL antiserum, and caused only a modest stimulatory effect (20-
25%) on NMU cell growth in the absence of PRL antisera (data not shown).

Discussion

Expression of PRL mRNA in rat mammary tissues was recently demonstrated by Northern
analysis (2,5), RT-PCR (3,5), and in situ hybridization (2). We have extended these findings to
both NMU-induced mammary tumors and a cell line derived from such tumors. The
demonstration of detectable levels of immunoreactive PRL further indicate that the message is
translated into protein. This is supported by the finding of PRL mRNA in the polysomal fraction
of ovine mammary tissue (5). The concentration of immunoreactive PRL in the tumor (0.3 ng/mg
protein), while significantly lower than that of pituitary PRL, is similar in magnitude to that
reported in the brain, and could reach significant high concentration in the vicinity of responsive
cells. It cannot be excluded that the PRL present in mammary tissues is derived, in part, from
non-mammary cells, e.g. lymphocytes. However, the localization of PRL mRNA to the mammary
epithelium by in situ hybridization (2), together with our finding of PRL expression by the NMU
cell line, argue against lymphocytes being the major source of mammary PRL.

The rat mammary tissue expresses both short and long forms of the PRL receptor (Fig. 3). Since
the difference between the two isoforms lies in the intracellular domain of the receptor, they could
be linked to different signal transduction pathways. Predominant expression of the long form of
the receptor by normal mammary gland has been previously reported (9). Our results indicate that
the NMU-induced tumors express approximately equal amounts of the two receptors. The
physiological significance of an altered ratio of the two receptors in the tumor is yet unknown.
Similarly, the presence of a PRL receptor variant in the tumor, as suggested by the additional
hybridizing band in the PCR reaction for the long form of the receptor, may be important.
Indeed, a mutation of the PRL receptor, due to a large deletion in the intracellular domain,
appears to confer PRL-dependent growth on the NB2 lymphoma cell line (10).
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Ovariectomy is known to result in a marked decrease in the size of the majority of NMU-induced
tumors (8), an effect also seen in the present studies. However, both PRL and PRL receptor
transcripts remained easily detectable after OVEX, suggesting that estrogen is not required for
their basal expression in the rat mammary gland. Two laboratories have examined the effect of
OVEX on PRL receptors in NMU-induced mammary tumors using ligand binding analysis (11,
12). Both found a modest (25-30%) decrease in binding in the OVEX tumors. Additional, more
quantitative, experiments would be necessary to resolve this issue in the NMU tumors.

To examine whether local PRL acts as a mitogen in the mammary tumor, we added PRL
antiserum to NMU cells cultured under serum-free conditions. The marked inhibition of cell
proliferation suggests that endogenous PRL contributes to the maintenance of basal cell growth of
this mammary tumor cell line. An autocrine or paracrine effect of PRL on cell proliferation has
previously been demonstrated in pituitary cells (6) and lymphocytes (7). The addition of
exogenous PRL did not reverse the inhibitory effect of the antibody in the NMU cell line. This
was also seen in the GH 3 cells, and was apparently due to the presence of different PRL isoforms
in the reference preparation with opposing effects on cell proliferation (6).

We are puzzled by the finding that the IC4 antiserum, but not two other PRL antisera, inhibits
proliferation of NMU cells. Cell growth was inhibited by the IC4 antiserum after extensive
dialysis and by the IgG fraction following ammonium sulfate precipitation. It is of interest that
variable effects of different PRL antisera on cell proliferation were also reported for lymphocytes
(7) and GH3 cells (6). Together, these findings suggest that only certain PRL isoforms might act
as mitogens. Given the large number of PRL isoforms and their diverse biological effects, it is
possible that the NMU cells are producing a specific PRL isoform which is recognized by IC4 but
not the other antisera.

CONCLUSIONS:

We have demonstrated that rat mammary tissues, including mammary tumors, express PRL
messenger RNA and contain immunoreactive PRL. Mammary tumors, but not lactating
mammary tissue, appear to express a smaller PRL variant. In addition, these tissues express PRL
receptor mRNA, including both the long and short isoforms. The NMU-induced tumors also may
express PRL receptor variants, smaller than the expected size. The addition of PRL antiserum to
cultures of an NMU cell line markedly inhibited cell proliferation. This effect was not seen with
either NRS or GH antiserum.

Whereas the expression of PRL by mammary tissue is now well established, previous reports have
not addressed the possible function(s) of local PRL. Preliminary evidence is provided here that
locally produced PRL may act as a growth factor in the mammary gland. These
autocrine/paracrine actions of PRL in mammary tissue could bear important implications to the
field of breast cancer. The presence of a locally produced hormone, acting as a growth factor in
the mammary gland, raises the possibility that disturbances in its regulation, such as
overexpression or mutation of PRL or its receptor, promote malignancy or enhance its
progression. These effects are now well documented for other growth factors in the breast,
including EGF, TGF-a, and c-erbB-2.
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APPENDIX:

Figure 1. PRL expression in mammary tissues as detected by RT-PCR. Upper panel: PCR
amplification of PRL mRNA in lactating mammary tissue, NMU-induced mammary tumors and
the NMU cell line. Lower panel: Southern blot analysis of the PCR products. The PCR products
were transferred to nylon membranes and hybridized to the full length, 32P-labelled rPRL cDNA
probe. All samples demonstrated detectable levels of PRL transcript.
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Figure 2. Immunoreactive PRL in the NMU-induced mammary tumor. An NMU-induced
mammary tumor was extracted with IN acetic acid, dialyzed and lyophyllized. Serial 2-fold
dilutions were assayed for PRL. Displacements of tumor extract were parallel to the standard
curve. This is a representative example of one of three extracted tumors.
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Figure 3. PRL receptor expression in mammary tissues determined by RT-PCR. Upper panel:
PCR amplification of PRL receptor mRNA in lactating mammary tissue, NMU-induced mammary
tumors and NMU cell lines. S and L denote long and short receptor isoforms, respectively.
Lower Panel: Southern blot analysis of the PCR products. Following transfer to membrane, the
PCR products were hybridized to a segment of the rPRL receptor which is common to the two
isoforms, allowing comparison of the relative band intensities. All samples contain both PRL
receptor isoforms, with the exception of the NMU cell line, which lacks the short isoform.
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Figure 4. Inhibition of NMU cell proliferation by 48h incubation with PRL antiserum (anti-PRL)
and lack of effect of anti-GH and normal rabbit serum (NRS), each at a dilution of 1:300. Optical
density (570 nm), as determined by the MTT assay, is proportional to cell number. The inhibitory
effect of PRL antiserum was more pronounced at low cell density.
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