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ABSTRACT

Glucocorticoids have demonstrated value in the adjuvant treatment
of breast cancer, although only approximately 25% of patients
respond to glucocorticoid treatment alone. Better understanding of
the molecular mechanisms underlying the therapeutic responses of
breast cancer to glucocorticoid treatment may lead to new selection
criteria and improve response rates. Experimental evidence in
rodents has indicated that glucocorticoid treatment protects against
the mammary tumor promoting effect of prolactin, and a molecular
interaction between glucocorticoids and prolactin downstream of
prolactin receptor activation has been suggested. Recently, we have
discovered a new role of Stat5a as tumor suppression gene for breast
cancer invasion that inhibited breast cancer stem cell characteristics
in primary tumor and human cell lines. We now report that
dexamethasone can up-regulate prolactin signaling via Stat5a in
certain human breast cancer cell lines. Pretreatment of the human
breast cancer cell line T47D for 2-4 days led to marked
enhancement of prolactin activation of the transcription factor
Stat5a. Thus, dexamethasone induced a qualitative change in
prolactin signals from exclusive Stat5b activation to combined
recruitment of Stat5a and Stat5h, with extensive heterodimerization
of the two transcription factors. This dexamethasone-dependent
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change in prolactin signals was associated with stimulation of
terminal differentiation markers in T47D cells. Interestingly,
prolactin activation of mitogen-activated protein kinases and
growth-related genes c-fos, c-jun and c-myc was not affected by
dexamethasone. A similar, but less marked, stimulation by
dexamethasone pretreatment of prolactin-activated Stat5a was seen
in MCF-7 cells. In contrast, Stat5a expression was lost in the
undifferentiated, estrogen receptor (ER)-negative BT-20 and SKBr3
cell lines, and could not be rescued by dexamethasone. In the near-
normal mammary cell lines, HCI11 and MCF-10A, equal levels of
Stat5a and Stat5b were expressed in a dexamethasone-independent
manner. These studies identify Stat5a as a target for dexamethasone
regulation with potential importance for inhibition of tumor
metastasis and restore mesenchymal-epithelial transition (MET) of
certain mammary cancers, and may help explain the variable
response rate of breast cancer patients to glucocorticoid treatment.

INTRODUCTION

Glucocorticoid hormones are frequently included in various
regimens of combination chemotherapy of breast cancer, and have a
beneficial effect on overall survival time " A trial of radiation
treatment plus or minus prednisone found that radiation and
prednisone together had a significant increase over radiation alone in
disease-free interval and overall survival in premenopausal women
over age 45 ® but were not beneficial in postmenopausal women .6,
Overall, treatment of breast cancer with glucocorticoids alone resulted
in a moderate response rate of approximately 25% ", suggesting that
a subpopulation of these cancers are glucocorticoid-sensitive. Little is
known about the molecular mechanisms underlying the therapeutic
responses of breast cancer to dexamethasone treatment . However,
several experimental rodent model systems have suggested that
glucocorticoids protect against the mammary tumor promoting effect
of prolactin ©, 10). Suppression of prolactin-induced mammary tumor
growth by glucocorticoids appears to be direct and not mediated by
inhibition of pituitary prolactin secretion or by a reduction in
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mammary cell prolactin receptors '”, suggesting a molecular
interaction between glucocorticoids and prolactin downstream of
prolactin receptor activation.

Prolactin has been shown unequivocally to be a tumor
promoter of the mammary gland by a variety of experimental
approaches in rodents, including prolactin over-expressing transgenic
mice "', The role of prolactin in the etiology and progression of
breast cancer in humans has been controversial mainly due to the lack
of a simple correlation between circulating prolactin levels and breast
cancer incidence "%, and that pharmacological suppression of
pituitary prolactin secretion has had inconsistent impact on tumor
growth ' However, several laboratories have detected local
production of prolactin in rodent and human mammary epithelium and
human breast carcinomas, and accumulating evidence suggests that
prolactin can act as an autocrine mammary growth factor !* 23-26),
Consistent with a local growth stimulatory role of prolactin on
mammary epithelial cells, prolactin receptor antagonists inhibited the
growth of several human breast tumor cell lines cultured in the
absence of exogenous lactogenic hormones *”. Furthermore, 40-70%
of human breast tumor biopsies are positive for prolactin receptors **
) and many tumor-derived cell lines express increased levels of
prolactin receptors and can proliferate in response to prolactin in vitro
@933 However, in the appropriate hormonal milieu, particularly in the
presence of glucocorticoids, prolactin becomes a differentiation factor
for mammary cells @39 It is therefore possible that the beneficial
effects of glucocorticoids in a subpopulation of breast cancer patients
is due to a modulation of prolactin signal transduction.

Prolactin activates the Jak2-Stat5 pathway ©’>? and the Ras-
Mitogen-activated protein kinase (MAPK) pathway “* *". Whereas
the mitogenic effects of prolactin have been attributed to the Ras-
MAPK signaling pathway “**Y,  prolactin-induced terminal
differentiation of mammary epithelium and milk protein expression
(e.g., P-casein, B-lactoglobulin and prolactin-inducible protein) appear
to be mediated by activation of Stat5 transcription factors BN,
particularly StatSa “® Recent studies in reconstituted COS-7 cells
have suggested that glucocorticoids facilitate prolactin signaling via
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Stat5 directly at the level of the [B-casein gene promoter, and
accumulating evidence supports the concept that the glucocorticoid
receptor is a ligand-activated coactivator of Stat5 transcription factors
@932 Despite the direct interaction between the glucocorticoid
receptor and Stat5 molecules described in COS-7 cells, several days of
pretreatment with glucocorticoid hormones is needed to detect an
enhancement of prolactin-induced differentiation markers in
mammary cells (52), suggesting additional levels of cooperation
between glucocorticoids and prolactin. Recently, we shed a light on a
new role of Stat5a as tumor suppressor gene that inhibits breast cancer
invasion and breast cancer stem cell characteristics in human breast
cancer %%,

We now report that dexamethasone can up-regulate prolactin
signaling via Stat5a in certain human breast cancer cell lines.
Pretreatment of T47D cells for 2-4 days led to marked enhancement of
prolactin activation of the transcription factor Stat5a. Thus,
dexamethasone induced a qualitative change in prolactin signals from
exclusive Stat5b activation to combined recruitment of Stat5a and
StatSb, with extensive heterodimerization of the two transcription
factors. This dexamethasone-dependent change in prolactin signals
was associated with prolactin stimulation of terminal differentiation
markers in T47D cells. Interestingly, prolactin activation of MAPK
and growth-related genes c-fos, c-jun and c-myc was not affected by
dexamethasone. A similar, but less marked, stimulation by
dexamethasone pretreatment of prolactin-activated Stat5a was seen in
MCF-7 cells. On the other hand, the two near-normal mammary cell
lines, murine HC11 cells and human MCF-10A cells, expressed equal
levels of StatSa and Stat5b in a dexamethasone-independent manner.
Importantly, Stat5a expression was both lost and not inducible by
dexamethasone in the undifferentiated, estrogen receptor (ER)-
negative BT-20 and SKBr3 cell lines. These studies identify Stat5a as
a target for dexamethasone regulation of potential importance for
differentiation therapy of certain mammary cancers, and may help
explain the variable response rate of breast cancer patients to
glucocorticoid treatment.
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MATERIALS AND METHODS

Materials: Ovine prolactin (NIDDK-0oPRL-19, AFP-9221A)
and human prolactin (NIDDK-hPRL-SIAFP-B2, AFP-2969A) were
supplied by the National Hormone and Pituitary Program, National
Institute of Diabetes and Digestive and Kidney Diseases (Baltimore,
MD). Dexamethasone, insulin and cholera toxin were purchased from
Sigma (cat. nos. D8893, 15500 and C3012, respectively). Epidermal
growth factor was obtained from Peprotech (cat. no. 100-15).
Polyclonal rabbit antisera specific to peptides corresponding to the
unique COOH-termini of Statla, Stat3, StatSa and Stat5b were
generated as described previously 56), Monoclonal
antiphosphotyrosine antibody 4G10 and anti-human casein were
purchased from UBI (cat. no. 06-321) and Harlan Sera-Lab (cat. no.
MAS, 447p), respectively. Rabbit antibodies to active mitogen-
activated protein kinase (MAPK) were purchased from Promega (cat.
no. V667A), and a mouse monoclonal anti-panERK antibody was
obtained from Transduction Laboratories (cat. no. E17120/L3).
Horseradish peroxidase-conjugated goat antibodies to mouse or rabbit
IgG were purchased from Kirkegaard and Perry Laboratories (cat. nos.
074-1806 and 074-1506, respectively).

Cell Culture: Human breast cancer cell lines were obtained
from ATCC (Rockville, MD), including MCF-10A (cat. no. CRL-
10317), MCF-7 (cat. no. HTB 22), T47D (cat. no. HTB 133), SKBr3
(cat. no. HTB 30) and BT-20 (cat. no. HTB 19). The HC11 cell was a
gift from Dr. Gibbs Johnson (Food and Drug Administration,
Bethesda, MD). Cells were grown in RPMI-1640 medium (Mediatech,
cat. no. 15-040-LM) containing 10% fetal calf serum (Intergen, cat.
no. 1020-90), 2 mM L-glutamine (Mediatech, cat. no. 25-040-LI; 50
[U/ml), penicillin-streptomycin (Mediatech, cat. no. 30-040-LI; 5
mg/ml) and 5 mM HEPES buffer (Sigma, cat. no. H-0887) pH 7.3, at
37 C with 5% CO,. HC11 cells were cultured in complete RPMI-
1640 medium supplemented with 5 pg/ml insulin and 10 ng/ml EGF.
MCF-10A cells were similarly supplemented with 10 pg/ml insulin,
0.1 pg/ml cholera toxin, and (20 nM) dexamethasone.
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Induction and Detection of Casein: T47D cells were grown to
confluence in growth medium, then maintained in serum-free medium
with or without prolactin (10 nM), dexamethasone (1 pM) and/or
insulin (5 pg/ml) for four days. The cells were harvested by scraping
in ice-cold phosphate buffered saline (PBS), pH 7.4, pelleted by
centrifugation, and lysed in 1 ml of lysis buffer containing 10 mM
Tris-HCI, pH 7.6, 5 mM EDTA, 50 mM NaCl, 1% Triton X-100, 1
mM phenylmethylsulfonyl fluoride (PMSF), 5 pg/ml aprotinin, 1
pg/ml pepstatin A and 2 pg/ml leupeptin. The lysates were clarified
by centrifugation and 50 pg of total protein per sample separated by
12% SDS-PAGE. The proteins were then transferred to
polyvinylidene difluoride (PVDF) membrane (Millipore, cat. no.
IPVH 00010), using a semi-dry transfer unit (Multiphor Novablot,
Pharmacia) at constant current of 195 mA for 80 min. After transfer,
the blots were incubated for at least 1 h at room temperature in
blocking buffer (0.02 M Tris-HCl, pH 7.6, 0.137 M NaCl, 1% bovine
serum albumin, and 0.01% sodium azide) before immunoblotting.
Blots were exposed for 30 min to anti-human casein antiserum diluted
1:1000 in blocking buffer. The blots were then incubated twice for 5
min in wash buffer (50 mM Tris-HCI, pH 7.6, 200 mM NacCl, 0.25%
Tween 20), followed by incubation for 30 min with horseradish
peroxidase-conjugated goat antibodies to mouse IgG at 500 ng/ml in
blocking buffer, followed by four 15 min incubations in wash buffer.
The blots were then incubated for 1 min with enhanced
chemiluminescence substrate (ECL) mixture according to the
manufacturer's instructions (Amersham, cat. no. RPN2106), and
exposed to BioMax film for 1-5 min (Kodak, cat. no. 165 1454).

Dexamethasone Induction and Prolactin Stimulation: Breast
cancer cells were grown to confluence and subsequently incubated in
serum-free medium with or without dexamethasone (1 uM) for the
length of time indicated (time-course experiment) or for four days (all
other experiments). Cells were then stimulated for 15 min with ovine
prolactin (10 nM, HCI11 cells) or with human prolactin (10 nM, all
other cell lines) and harvested by scraping in ice-cold phosphate
buffered saline (PBS), pH 7.4, containing 15 mM sodium
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pyrophosphate, 25mM sodium fluoride and 0.1 mM sodium
orthovanadate. The cells were pelleted by centrifugation and
immediately frozen in dry ice/methanol.

Solubilization of Proteins and Immunoprecipitation: Frozen
pellets from 10 breast cancer cells were thawed on ice and solubilized
in 1 ml of lysis buffer containing 10 mM Tris-HCI, pH 7.6, 5 mM
EDTA, 50 mM NaCl, 30 mM sodium pyrophosphate, 50 mM sodium
fluoride, 1 mM sodium orthovanadate, 1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride (PMSF), 5 pg/ml aprotinin, 1 pg/ml
pepstatin A and 2 pg/ml leupeptin. Cell lysates were rotated end over
end at 4°C for 60 min, and insoluble material was pelleted at 12,000 x
g for 30 min at 4=C. Clarified lysates were incubated rotating end
over end for 3 h at 4°C with polyclonal rabbit antisera (2 ul/ml) to
individual proteins as specified. Antibodies were captured by
incubation for 60 min with protein A-Sepharose beads (Pharmacia
Biotech, cat. no. 17-0780-01), followed by three washes in lysis
buffer. Precipitated material was eluted off the beads by addition of 75
pl of 2X SDS-sample buffer (0.125 M Tris-HCI, pH 6.8, 20%
glycerol, 10% 2-mercaptoethanol, 4.6% SDS, and 0.0004%
bromophenol blue) followed by heating to 95=C for 10 min. Samples
were subjected to 7.5% SDS-PAGE under reducing conditions
according to Laemmli ©% The proteins were then transferred to PVDF
as described above.

Immunoblot Analysis: Blots were exposed for 90 min to
primary antibodies diluted in blocking buffer at the following
concentrations: antiphosphotyrosine mAb 4G10 (1 pg/ml); a—StatSa
and a—Stat5b antisera (1:3000). The blots were then incubated twice
for 5 min in wash buffer (50 mM Tris-HCIL, pH 7.6, 200 mM NaCl,
0.25% Tween 20), followed by incubation for 30 min with horseradish
peroxidase-conjugated goat antibodies to mouse or rabbit IgG at 500
ng/ml in blocking buffer, followed by four 15 min incubations in wash
buffer. The proteins were visualized by ECL, as described above.
When required, blots were stripped for 30 min at 60°C in buffer
containing 62.5 mM Tris-HCI (pH 6.8), 2% SDS and 100 mM -
mercaptoethanol, and were blocked for 2 h before reblotting.
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RESULTS

Dexamethasone stimulates a differentiation response to
prolactin in human T47D breast cancer cells. It is well established
that the hormones prolactin, hydrocortisone and insulin cooperate in
the regulation of milk protein synthesis and differentiation of
mammary explants and normal mammary epithelial lines 36, 58)
However, little is known about the precise mechanism underlying the
differentiating effect of glucocorticoids in human mammary cancer
cells ® ) We first examined the ability of glucocorticoids to
influence prolactin-induced differentiation of the well-characterized
human mammary cancer cell line, T47D. Originally derived from a
patient with a moderately differentiated infiltrating ductal carcinoma,
T47D cells express receptors for estrogen, progesterone,
glucocorticoids, and prolactin . Insulin was also included in these
initial experiments due to its reported promotion of mammary
differentiation.

When confluent monolayers of T47D cells were preincubated
under serum-free conditions in the presence or absence of
dexamethasone (1 uM), prolactin (10 nM) and/or insulin (5 pg/ml) for
48 h, a marked increase in expression of the milk protein, casein, was
detected by immunoblotting in response to prolactin in the
dexamethasone-pretreated cells (fig. 1A). Insulin pretreatment alone
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Figure 1. Dexamethasone is critical for prolactin-induced
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had no effect on prolactin-induced casein induction, and
coadministration of insulin did not modulate the positive effect of
dexamethasone (fig. 1A, lanes f and h). A similar pattern was
observed of dexamethasone-dependent and insulin-independent
stimulation of prolactin-induced mRNA levels of another secretory
protein, gross cystic disease fluid protein-15 (fig. 1B, panel 1), also
known as prolactin-inducible protein (PIP). Originally characterized
as a prolactin-responsive gene in the mammary gland and other
exocrine glands ©% ®) PIP expression has also been shown to
correlate positively with mammary tumor differentiation > . In
contrast to the positive effect of dexamethasone on prolactin-induced
differentiaition markers, dexamethasone pretreatment did not
modulate prolactin-induction of mRNA levels for the growth-related
genes c-fos, c-jun and c-myc (fig. 1B, panels 2-4). On the other hand,
insulin pretreatment alone or in combination with dexamethasone
appeared to reduce the prolactin-induced mRNA levels of these
growth-related transcription factors (fig. 1B, panels 2-4, lanes ¢ and
h).
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Figure 2. Dexamethasone upregulates prolactin activation of Stat5a in
T47D cells and induces prolactin -induced Stat5a-StatSb heterodimers.
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differentiation responses in human T47D breast cancer cells, but does
not affect prolactin-induced growth signals.

We also examined the effect of dexamethasone pretreatment on
prolactin- activation of MAPK, since prolactin has been specifically
suggested to stimulate growth of T47D cells via the Ras-MAPK
pathway “**Y. As was the case for prolactin-induced proto-oncogene
expression, 48 h of pretreatment with dexamethasone under serum-
free conditions did not significantly affect prolactin-induced MAPK
activation or the expression of the ERKI and ERK2 serine kinases
(fig. 1C). Pretreatment with insulin and dexamethasone also did not
influence prolactin-activation of MAPK, although this combination
appeared to moderately elevate the expression levels of ERKI1 and
ERK2.

From this initial set of data we concluded that pretreatment of
the human breast cancer cell line T47D with dexamethasone had a
marked stimulatory effect on prolactin induction of the differentiation
markers casein and PIP, but did not modulate putative growth signals
via MAPK or transcription factors c-jun, c-fos or c-myc. Insulin
appeared to be of lesser importance for prolactin induction of
differentiation markers than what has been previously reported for
normal mammary cells (64). Since Stat5 transcription factors are
putative mediators of prolactin-induced differentiation in the
mammary gland “** we specifically examined whether
dexamethasone modulated prolactin activation of the StatSa and
Stat5b transcription factors.

Pretreatment of T47D cells with dexamethasone up-
regulates prolactin-induced activation of Stat5a and leads to
formation of Stat5a-Stat5b heterodimers. We have previously
described prolactin-induced activation of Stat5 in T47D cells ** .
However, more detailed analysis revealed that this was a selective
Stat5b activation with little or no Stat5a activation “”, suggesting the
possible loss of a mediator of differentiation in these cells. This is in
contrast to other prolactin target cells thus far examined, in which
prolactin activates Stat5a and StatSb equally well, including lymphoid
Nb2 cells, HC11 mammary epithelial cells, prolactin receptor
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expressing 32D myeloid cells and Ba/F3 lymphoid cells ©% .

Although both StatSa and Stat5b transcription factors are able to
mediate prolactin-induced [-casein transcription when expressed
individually in COS-7 cells, mammary development and
differentiation is significantly more impaired in Stat5a knockout mice
than in Stat5b deficient mice which are able to lactate ** °°

We first examined the effect of dexamethasone pretreatment
on the extent of prolactin-induced tyrosine phosphorylation of StatSa
and StatSb and their expression levels. Preliminary experiments
showed that a preincubation period of between 48 and 96 hours was
required for dexamethasone to facilitate prolactin stimulation of
differentiation markers in T47D cells (data not shown). Confluent
T47D cells were treated with or without dexamethasone for varying
times up to 4 days in the absence of serum, and were then stimulated
with prolactin for 15 min before analysis by immunoprecipitation and
immunoblotting (fig. 2A). As previously noted, in T47D cells that had
not been pretreated with dexamethasone (panels 1 and 3; lanes a and
b), prolactin selectively activated Stat5b with little or no activation of
Stat5a. However, over 4 days of pretreatment, dexamethasone had a
marked stimulatory effect on prolactin-induced StatSa tyrosine
phosphorylation (panel 1). The basal expression of StatSa was also
significantly elevated from very low levels (panel 2) to amounts
approximately equal to the those of Stat5b (panel 4). There was no
significant induction of StatSb expression or tyrosine phosphorylation
by dexamethasone treatment, leading to prolactin-induced formation
of significant amounts of Stat5a-Stat5b heterodimers, as visualized by
reciprocal coimmunoprecipitation of StatSa and Stat5b from cells
treated with dexamethasone followed by prolactin (fig. 2B, panel 3).

Although it remains to be established whether this qualitative
shift in the pattern of Stat5 isoform activation alters the gene
expression control by prolactin receptors, the observation that
mammary gland differentiation is more affected in StatSa-deficient
mice than in Stat5b-deficient mice ** °® has suggested that these two
homologous proteins are functionally different. The observed
induction by dexamethasone of Stat5a activation by prolactin in T47D
cells thus indicated an unrecognized form of cooperation between
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glucocorticoid and prolactin at the level of Stat5a expression and
recruitment.

Finally, it should be emphasized that the observed positive
interaction between extended glucocorticoid treatment and short-term
prolactin receptor activation at the level of phosphorylation of Stat5
proteins complements the reported direct interaction between
glucocorticoids and prolactin at the transcriptional level, and does not
contradict the concept that glucocorticoid receptors also act as ligand-
dependent co-activators of Stat5 transcription factors ' % 7D-

DISCUSSION

Recently, we discovered a new role of StatSa as tumor
suppressor gene and inhibitors to EMT progression and breast cancer
stem cell characteristics primary tumors and cell lines (53, 549) Up-
regulation of active Stat5a is a new strategy to inhibit human breast
cancer invasion and metastasis for human breast cancer, especially we
data showed that Stat5a activation is lost in metastatic human breast
cancer. The present study provides novel evidence that
glucocorticoids can regulate prolactin activation of Stat5a and thus
modulate the extent of prolactin-induced differentiation of mammary
cancer cells, and in turn inhibited breast cancer invasion capacity.
Pretreatment of the human breast cancer cell line T47D with
dexamethasone for 2-4 days was required for prolactin to activate
Stat5a as evidenced by a marked up-regulation of prolactin-induced
StatSa tyrosine phosphorylation and Stat5a-StatSb heterodimer
formation. This modulation of prolactin signal transduction correlated
with induction of differentiation markers casein and PIP. A similar but
less marked stimulation by dexamethasone pretreatment of prolactin-
activated StatSa was seen in MCF-7 cells. Furthermore, Stat5a
expression was lost in the undifferentiated, ER-negative BT-20 and
SKBr3 cell lines and could not be rescued by dexamethasone
treatment. In contrast, the well-differentiated, near-normal mammary
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cell lines MCF-10A and HC11 expressed comparably high levels of
both StatSa and StatSb. These studies therefore identify StatSa as a
target for dexamethasone regulation of prolactin signal transduction, a
finding that has potential importance for differentiation therapy of
mammary cancers, and implicate Stat5a as a candidate differentiation
marker of possible prognostic importance for human breast cancer
progression.

Prolactin has been shown to activate several members of the
Stat transcription factor family, including Statl, Stat3, Stat5a and
Statsb % 3% %72 Of these, Stat5a and Stat5b bind strongly to the
prolactin response element of the PB-casein gene, whereas Statl and
Stat3 have shown little or no ability to bind to the promoter region of
this milk protein gene ©¥. Although both Stat5a and Stat5b bind to
and activate transcription of P-casein reporter genes in COS-7 cells ©%
7 ™. Stat5a has been thought to be particularly important for
mammary gland differentiation. Stat5a-deficient female mice have a
severe phenotypic loss of prolactin-induced milk production “8)
whereas the phenotype of corresponding StatSb knockout mice is
characterized by specific growth hormone signaling defects, resulting
in stunted growth and liver dysfunction with less impact on milk
production (66).

The finding in the present study that prolactin activation of
Stat5a is regulated by dexamethasone in some, but not all human
breast cancers, has direct implications for differentiation therapy of
human breast cancer. The data suggest that in normal cells, StatSa is
operable and available to prolactin receptors; in moderately
differentiated cancer cell lines (MCF-7, T47D), dexamethasone
treatment is able to stimulate prolactin induced Stat5a activation; and,
in the more malignant, ER-negative SKBr3 and BT-20 cell lines,
prolactin-induced tyrosine phosphorylation of Stat5a is refractory to
dexamethasone treatment. The current observations provide incentive
for more general and systematic screening efforts of breast tumors for
Stat5 activation patterns. With respect to the involvement of prolactin
in the development of mammary gland neoplasia, these findings also
call for reconsideration of the substantial biologic evidence that
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prolactin can serve either as a mammary epithelium growth promoter
or as a cytostatic differentiation agent 7>

This dual capacity of prolactin to induce either cellular
proliferation or differentiation of mammary cells suggests the
presence of thus far uncharacterized physiological regulatory
mechanisms that can control response switching at the cellular level.
Implicit in this notion, that prolactin-induced responses are dependent
on physiological conditions (e.g. cell specific factors, hormones or
developmental maturation) is the concept that prolactin might function
as tumor promoter only when the physiological environment or
pathophysiologic changes favor prolactin receptor-mediated growth.
Indeed, the prolonged controversy over the involvement of prolactin
in human breast cancer etiology and progression might to a large
extent be explained if circulating or autocrine prolactin proved to
serve as a conditional mammary tumor promoter. A duality of
prolactin actions might also illuminate why multiparity and prolonged
suckling tend to lower breast cancer risk 7*. It would be reasonable to
hypothesize that physiological conditions postpartum might yield a
protective effect by fostering the differentiating effects of prolactin.
Thus, a better understanding of how prolactin acts as a conditional
growth factor or tumor promoter, or conversely as a differentiation
agent, becomes a critical issue with strong relevance to the problem of
growth factor-induced breast cancer development and growth factor-
based therapeutic strategies. Similar dual roles as context-dependent
growth or differentiation agents have been established for a variety of
the other four-helix bundle polypeptide cytokines and hormones that
activate JAK-Stat pathways via a related family of cell surface
receptors, including oncostatin M, leukemia-inhibitory factor,
erythropoietin, and a majority of the interleukins .

To what extent transcriptional regulation of Stat5-responsive
genes varies with Stat5a and StatSb dimerization patterns remains
unknown. The two proteins differ most in the COOH-terminal regions
which are involved in docking of SH2 domains and transactivation.
StatSa and Stat5b can undergo homo- and heterodimerization, and
bind to similar DNA response elements % However, Stat5a and
Stat5b may also form different complexes to DNA as revealed by
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EMSA ©%. The two transcription factors may therefore have both
overlapping and distinct functions. Consistent with this notion, T-cell
function is maintained in mice deficient in either Stat5a or StatSb gene
alone ** % but is severely suppressed in mice deficient in both ®”. In
contrast, Stat5b is unable to compensate for Stat5a-deficiency in
female mice, resulting in phenotypic loss of prolactin-induced milk
production “8) Conversely, StatSb knockout mice have specific
growth hormone signaling defects, resulting in stunted growth and
liver dysfunction (66). Other differences between StatSa and Stat5b
are demonstrated by differing degrees of serine phosphorylation in
interleukin-2 stimulated lymphocytes % We have also found
differential regulation of serine phosphorylation of Stat5a and Stat5b
in prolactin sensitive cells (81). Therefore, a series of dissimilarities
points toward certain unique control mechanisms and possibly
specialized functions of StatSa and StatSb proteins. Systematic testing
of a series of StatS-regulated genes in addition to b-casein is needed to
establish functional differences between Stat5a and Stat5b.

Regarding the role of Stat5 transcription factors in breast
cancer, it is of particular interest to note that the StatSa and Stat5b
genes are localized to chromosome 17q11.2 ®2- Markers mapping to
this locus have revealed loss of heterozygosity in 25-79% of human
breast cancers ** consistent with the presence of tumor suppressor
gene(s). The fact that the recently identified BRCA1 gene is also
localized to this arm of chromosome 17 ®** does not rule out the
existence of additional tumor suppressor genes nearby. As a
differentiation factor that may counterbalance the growth promoting
effect of prolactin in the mammary gland, transcription factor Stat5a is
indeed a candidate mammary tumor suppressor, and future studies will
specifically examine the frequency of loss of StatSa gene expression
in human breast cancer.

In summary, we present novel evidence that glucocorticoids
can regulate prolactin activation of Stat5a and thus modulate the
extent of prolactin-induced differentiation of mammary cancer cells.
Furthermore, StatSa expression was lost in the undifferentiated, ER-
negative BT-20 and SKBr3 cell lines and could not be rescued by
dexamethasone treatment, whereas well-differentiated, near-normal
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mammary cell lines MCF-10A and HC11 expressed comparably high
levels of both Stat5a and Stat5b. These studies therefore implicate
Stat5a as a critical differentiation factor of potential importance for
glucocorticoid therapy against a subgroup of mammary cancers.
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