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CCAAT/Enhancer Binding Protein d (C/EBPd) Regulation
and Expression in Human Mammary Epithelial Cells:
I. ‘‘Loss of Function’’ Alterations in the C/EBPd Growth
Inhibitory Pathway in Breast Cancer Cell Lines
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Abstract ‘‘Loss of function’’ alterations in growth inhibitory signal transduction pathways are common in cancer
cells. In this study, we show that growth arrest (GA) treatments—serum and growth factor withdrawal and growth
inhibitory IL-6 family cytokines (Interleukin-6 and Oncostatin M (OSM))—increase STAT3 phosphorylation (pSTAT3),
increase CCAAT enhancer binding protein d (C/EBPd) gene expression and induce GA of primary, finite-lifespan human
mammary epithelial cells (HMECs), and immortalized breast cell lines (MCF-10A and MCF-12A). In contrast, serum and
growth factor withdrawal from human breast cancer cell lines (MCF-7, SK-BR-3, T-47D, and MDA-MB-231) for up to 48 h
induced a relatively modest increase in pSTAT3 levels and C/EBPd gene expression and resulted in varying levels of GA. In
most breast cancer cell lines, IL-6 family cytokine treatment increased pSTAT3 levels and C/EBPd gene expression,
however, growth inhibition was cell line dependent. In addition to ‘‘loss of function’’ alterations in growth inhibitory
pathways, breast cancer cell lines also exhibit ‘‘gain of function’’ alterations in growth signaling pathways. The Akt growth/
survival pathway is constitutively activated in T-47D and MCF-7 breast cancer cells. The Akt inhibitor LY 294,002
significantly enhanced T-47D growth inhibition by serum and growth factor withdrawal or IL-6 family cytokine treatment.
Finally, we show that activation of the pSTAT3/C/EBPd growth control pathway is independent of estrogen receptor status.
These results demonstrate that ‘‘loss of function’’ alterations in the pSTAT3/C/EBPd growth inhibitory signal transduction
pathway are relatively common in human breast cancer cell lines. Defective activation of the pSTAT3/ C/EBPd growth
inhibitory signal transduction pathway, in conjunction with constitutive activation of the Akt growth stimulatory pathway,
may play a synergistic role in the etiology or progression of breast cancer. J. Cell. Biochem. 93: 830–843, 2004.
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Breast cancer is the second leading cause of
cancer-related deaths in US women. Approxi-
mately 180,000 new cases of breast cancer are
diagnosed each year in the US, and despite

improved diagnostic and treatment modalities,
annual breast cancer deaths exceed 40,000
[Greenlee et al., 2000]. Breast cancer develop-
ment is a multi-step process, beginning with
ductal or lobular atypical hyperplasia with
progression to ductal or lobular carcinoma in
situ (DCIS/LCIS), and eventually to invasive
carcinoma and metastasis [Beckmann et al.,
1997; Russo and Russo, 2001]. At the molec-
ular level, breast cancer is characterized by
the progressive accumulation of genetic errors
in growth control genes and DNA repair genes,
resulting in the characteristics associated
with cancer cells—loss of contact inhibition,
uncontrolled growth, immortalization, and
invasion [Beckmann et al., 1997].
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Maintenance of appropriate cell-cycle pro-
gression is controlled by a series of checkpoints
and interdependent growth stimulatory and
growth inhibitory signaling pathways. One of
the major goals in breast cancer research is to
identify mammary epithelial cell growth-con-
trol pathways that may play a role in the
development or progression of breast cancer.
We previously reported that C/EBPd, a member
of the CCAAT/enhancer binding protein family
of nuclear proteins, plays a key role in mouse
mammary epithelial cell growth control in vitro
and in vivo [O’Rourke et al., 1997; Gigliotti and
DeWille, 1998; Gigliotti and DeWille, 1999;
O’Rourke et al., 1999a,b; Hutt et al., 2000;
Hutt and DeWille, 2002]. We found that serum
and growth factor withdrawal or cytokine treat-
ment of HC11 mouse mammary epithelial cells
initiates a signal transduction cascade that
includes activation of latent cytoplasmic signal
transducer and activator of transcription 3
(STAT3), translocation of activated STAT3
dimers to the nucleus, STAT3 binding to con-
sensus acute phase response elements (APREs)
in the mouse C/EBPd gene promoter, transacti-
vation of the C/EBPd gene, and growth arrest
(GA) [Hutt et al., 2000; Hutt and DeWille, 2002].
In addition, we showed that phosphorylated/
activated STAT3 (pSTAT3) and C/EBPd levels
increase during mammary gland involution,
and that virgin female C/EBPd knockout mice
exhibit aberrant mammary epithelial cell pro-
liferation and mammary gland ductal hyper-
plasia [Gigliotti et al., 2003]. These results
indicate that the STAT3/C/EBPd growth-
control signal transduction pathway plays a
functionally significant role in normal mouse
mammary epithelial cell growth regulation.

C/EBPd is a member of the C/EBP family of
nuclear proteins. Six C/EBP family members
have been identified, including C/EBPa, C/
EBPb (also known as CRP2, NF-IL6, LAP,
AGP/EBP, IL-6BP, and NF-M), C/EBPg, C/
EBPd (CRP3, NF-IL6b CELF), C/EBPe, and C/
EBPz (CHOP10, GADD153) [Lekstrom-Himes
and Xanthopoulos, 1998]. C/EBP family mem-
bers are expressed in a tissue-specific manner
and function in a wide range of cellular activi-
ties, including the regulation of cell growth and
differentiation. C/EBPs function in the control
of cell growth and differentiation by transcrip-
tional activation of downstream target genes,
such as GADD45g, and protein–protein inter-
actions with cell-cycle regulatory proteins such

as Rb, p21, cdk2, and cdk4 [Cao et al., 1991;
Hurst, 1995; Jung et al., 2000; Harris et al.,
2001].

Recent reports indicate that alterations in
the structure and expression of specific C/EBPs
influence tumorigenesis. For example, C/EBPa
plays a key role in granulocyte differentiation,
and mutations in the C/EBPa gene are common
in a subset of acute myeloid leukemia (AML)
patients [Tenen, 2001; Gombart et al., 2002].
Alterations in C/EBPa structure and expression
have also been reported in human lung cancer
[Halmos et al., 2002]. A second C/EBP family
member, C/EBPb, has been linked to carcinogen-
induced skin tumorigenesis [Zhu et al., 2002].
Polyak et al. recently utilized serial analysis of
geneexpression (SAGE) to investigate the molec-
ular alterations associated with breast cancer
progression. Their analysis of approximately
50,000 unique transcripts identified C/EBPd as
one of a small subset of genes that were consis-
tently down-regulated with progression from
normal human mammary epithelium to breast
carcinoma [Porter et al., 2001].

Breast cancer cell lines derived from primary
tumors and metastatic tumors from pleural
effusions fairly accurately reflect the charac-
teristics of cancer cells in vivo [Lacroix and
Leclercq, 2004]. Many of these cell lines, such as
the MCF-7, T-47D, SK-BR-3, and MDA-MB-231
are relatively well-characterized genotypically
and phenotypically in terms of chromosome
number, hormone receptor status, gene expres-
sion profile, and relative invasiveness [Lacroix
and Leclercq, 2004]. The functional significance
of the pSTAT3/C/EBPd growth-control signal
transduction pathway, however, has not been
systematically investigated in human mam-
mary epithelial cells (HMECs) or human breast
cancer cell lines. Therefore, the goals of the
present study were to: (1) determine the func-
tional role of the pSTAT3/C/EBPd growth-
control signal transduction pathway in non-
transformed HMECs (primary and immorta-
lized), (2) investigate potential ‘‘loss of function’’
alterations in the pSTAT3/C/EBPd growth-
control signal transduction pathway in human
breast cancer cell lines, and (3) investigate
potential ‘‘gain of function’’ alterations which
could override growth inhibitory signaling
resulting from activation of the pSTAT3/C/
EBPd pathway.

The results indicate that primary, finite-
lifespan HMECs, and immortalized, non-trans-
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formed HMEC lines exhibit growth inhibition in
response to standard GA conditions; i.e., serum
and growth factor withdrawal and cytokine
treatment. This growth inhibition is character-
ized by the activation of the pSTAT3/C/EBPd
growth-control signal transduction pathway
and down-regulation of the Akt growth-stimu-
latory pathway. Growth inhibition of MCF-12A
cells was also demonstrated by direct over-
expression of C/EBPd using the clonogenic
colony growth assay. Human breast cancer cell
lines respond poorly to growth inhibition by
standard GA conditions. Human breast cancer
cell lines exhibit defects in STAT3 activation, C/
EBPd gene expression and/or C/EBPd down-
stream gene function in response to GA condi-
tions. Some human breast cancer cell lines
(T-47D and MCF-7) exhibit constitutive activa-
tion of the Akt pathway, which contributes to an
ineffective GA response. Finally, we show that
the pSTAT3/C/EBPd growth control signal
transduction pathway is independent of estro-
gen receptor status. These results demonstrate
that ‘‘loss of function’’ alterations in the STAT3/
C/EBPd growth-arrest signal transduction
pathway are common in human breast cancer
cell lines and may play a role in the development
or progression of clinical breast cancer.

MATERIALS AND METHODS

Cell Culture

Cell culture media and components were
purchased from Invitrogen Life Technologies,
Inc. (Carlsbad, CA) and Sigma-Aldrich Inc. (St.
Louis, MO). Cells were purchased from Amer-
ican Type Culture Collection (ATCC, Manassas,
VA) and maintained in ATCC recommended
phenol red free media with the addition of
100 U/ml penicillin:100 mg/ml streptomycin and
500 ng/ml Fungizone (Invitrogen) unless other-
wise specified. MCF-10A and MCF-12A cell
lines were growth arrested in 1:1 DMEM/F-12
with 0.1% horse serum. T-47D cell line was
growth arrested in RPMI 1640 (Sigma) with
0.1% FBS. MCF-7 cell line was cultured in
DMEM without phenol red (Sigma) with 10 mg/
ml bovine insulin, 4 mM L-glutamine, 10 ng/ml
human EGF, 100 U/ml penicillin:100 mg/ml
streptomycin, 500 ng/ml Fungizone, and 10%
FBS. GA media (GAM) contained only 0.1%
FBS. MDA-MB-231 cell line was purchased
from ATCC and cultured in Minimum Essential
Eagle’s Media (with Earle’s salts and non-

essential amino acids, without L-glutamine,
phenol red and sodium bicarbonate) (Sigma),
2 mM L-glutamine, 1.5 g/L sodium bicarbonate,
1 mM sodium pyruvate, 100 U/ml penicillin:
100 mg/ml streptomycin, 500 ng/ml Fungizone,
and 10% heat-inactivated FBS. GAM contained
only 0.1% heat-inactivated FBS. SK-BR-3 cell
line was growth arrested in 0.1% FBS. HMECs
were purchased from Clonetics (Cambnex Inc.,
East Rutherford, NJ) and cultured in mammary
epithelial basal medium (MEBM) with the
addition of 13 mg/ml BPE, 10 mg/ml hEGF, 5 mg/
ml Insulin, 0.5 mg/ml Hydrocortisone, 50 mg/ml
Gentamicin, and 50 mg/ml Amphotericin-B, all
supplied by Clonetics. GAM contained only the
Gentamicin and Amphotericin-B.

GA and Cytokine Addition Studies

Near confluent (70%) cells were rinsed and
then cultured in serum and growth factor
deprived media (specified above for each cell
line) for designated time periods. Human IL-6
and Oncostatin M (OSM) were obtained from
Peprotech (Rocky Hill, NJ), reconstituted in
sterile water and were added at a dose of 50 ng/
ml. Cytokine addition studies were performed
similar to the GA studies by incubating near
confluent cells in either GA or growth media for
the designated time periods with and without
the addition of IL-6/OSM.

[3H]Thymidine/Cell-Cycle Experiments

Cell-cycle experiments were conducted on
cells cultured in 12-well plates. Cells were
plated at �100,000 cells/well and allowed to
reach 70% confluence before initiating GA.
[3H]Thymidine was added 2 h prior to collection.
Media containing [3H]thymidine was removed
and cells were washed in the wells with 10%
trichloroacetic acid three times at 48C (1�
10 min, 2� 5 min). Cells were dissolved in
250 ml 0.3N NaOH/1% SDS and the solution
transferred to a vial containing 5 ml scintilla-
tion fluid. Samples were dissolved and then
counted using a liquid scintillation counter.

Northern Blot Analysis

Total RNA was isolated using RNAzol B
(Tel-Test, Inc., Friendswood, TX), run on 1.2%
agarose gels and transferred to Duralon UV
membrane followed by UV crosslinking. Filters
were hybridized for a minimum of 2 h. DNA
probeswere labeledwith [alpha-32P]dCTPusing
a Random Primers Labeling Kit (Invitrogen),
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added to the hybridization mixture and allowed
to hybridize a minimum of 2 h. C/EBPd probe
was a 700 bp fragment isolated from Research
Genetics Clone 82850. TTK (Threonine Tyro-
sine Kinase-ATCC 80028) was used as an S-
phase/growth marker. Human GA specific pro-
tein 1 (GAS1) probe was isolated from ATCC
Clone 959480. Cyclophylin (CP) was used as a
loading control.

Western Blot Analysis

Whole cell protein was isolated using a whole
cell lysis buffer containing 20 mM Tris pH 8.0,
137 mM NaCl, 10% glycerol, 1% IGEPAL, 0.1%
SDS, 0.5% sodium deoxycholate, 2 mM EDTA,
1 mM PMSF, 1� complete protease (Boehringer,
Mannheim), 1 mM NaF, 1 mM NaVO3, 1 mM
Na2MoO4, 100 nM okadaic acid. Proteins were
runonprecastBio-Rad10–12%Tris-HClgelsand
were transferred to PVDF membrane. Rabbit
polyclonal C/EBPd, C/EBPb, and b-actin antibo-
dies were obtained from Santa Cruz Biotechnol-
ogy, Inc. (Santa Cruz, CA). Rabbit polyclonal
STAT3, phospho-STAT3(Tyr705), Akt and phos-
pho-Akt(Ser473) were obtained from Cell Signal-
ing Technology, Inc. (Beverly, MA). Westerns
were blocked in 10% milk with primary and
secondary antibody addition in 5% milk. Signal
was developed using ECL and ECL Plus detection
systems (Amersham Biosciences).

Clonogenic Assay

Transfections were performed using Lipofec-
tamine Plus (Invitrogen). MCF-12A cells were
transfected with 1 mg of pcDNA3 or pcDNA3-
full length C/EBPd constructs. Transfected cells
were selected for with media containing 400 mg/
ml G418 (Geneticin). Colonies were stained
with 0.5% crystal violet in 20% methanol.

Estrogen and Tamoxifen Assays

MCF-7 cells plated at 70% confluence were
growth arrested for 72 h in DMEM without
phenol red with the addition of 0.1% charcoal-
stripped fetal calf serum (Life Technologies).
17b-Estradiol (Sigma) was added at 100 pM
to growth arrested cells with or without the
addition of 100 nM 4-hydroxytamoxifen (4-
OHT, Sigma).

Statistical Analysis

Statistical analysis was performed using one-
way analysis of variance (ANOVA) and Bonfer-
roni posttest analysis.

RESULTS

Serum and Growth Factor Withdrawal
and OSM Addition Activate STAT3, Induce

C/EBPd mRNA and Protein and Result
in GA of Finite-Lifespan HMECs

To determine whether C/EBPd gene expres-
sion was induced during G0 GA of HMECs,
finite-lifespan HMECs were growth arrested by
standard methods-serum and growth factor
withdrawal and growth-inhibitory cytokine
(OSM) addition. The initial experiment asses-
sed the influence of serum and growth factor
withdrawal (GAM) and OSM treatment in both
complete growth media (CGM) and GAM on
HMEC C/EBPd mRNA levels. Compared to
growing (untreated) cultures, each GA treat-
ment significantly induced (twofold to fourfold)
C/EBPd mRNA levels (Fig. 1a, lane 1 vs.
lanes 2–7).

We next investigated the influence of serum
and growth factor withdrawal and OSM treat-
ment on STAT3 phosphorylation, C/EBPd gene
expression and primary HMEC GA. STAT3
protein levels were constitutive in all HMEC
samples regardless of treatment (Fig. 1b). Com-
pared to growing (subconfluent, growing) cul-
tures, serum, and growth factor withdrawal
GA treatment induced a relatively modest level
of phosphorylated STAT3 (pSTAT3) (Fig. 1b,
lane 1 vs. lane 2). OSM treatment induced the
highest levels of pSTAT3, particularly when the
OSM treatment was combined with serum and
growth factor withdrawal (GAM) (Fig. 1, lanes
2–7). C/EBPd protein was detected in HMEC
cultures that exhibited STAT3 phosphoryla-
tion, even if the level of pSTAT3 was relatively
modest (Fig. 1b, lanes 2–7). This may result
from efficient transcriptional activation from
relatively modest amounts of pSTAT3, or auto-
regulation of the C/EBPd gene promoter
[O’Rourke et al., 1999a]. The relative induction
of C/EBPd protein in response to the individual
growth-arrest treatments paralleled the rela-
tive induction of C/EBPd mRNA levels (Fig. 1a,
lanes 2–7).

The influence of growing and growth-arrest
treatments was assessed by [3H]thymidine
incorporation (Fig. 1c). [3H]Thymidine incor-
poration increased in growing (GR) HMECs
cultured for 24 and 48 h in CGM (Fig. 1c).
Addition of OSM to HMECs in CGM (GR-OSM)
significantly reduced [3H]thymidine incor-
poration at both 24 and 48 h time points
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(P< 0.0001) compared to untreated HMECs
in CGM (GR). Serum and growth factor with-
drawal alone (GA) and in combination with
OSM treatment (GA-OSM) significantly re-
duced HMEC [3H]thymidine incorporation com-
pared to growing cultures (P< 0.0001). These

results indicate that serum and growth factor
withdrawal and OSM treatment induce cell-
cycle exit and growth inhibition of primary,
finite-lifespan HMECs.

Serum and Growth Factor Withdrawal and
IL-6 Family Cytokine Addition Increases pSTAT3
Levels, Increases C/EBPd mRNA, and Protein
Levels, and Initiates GA in Immortalized

Non-Tumorigenic HMEC Lines
MCF-10A and MCF-12A

Previous reports by Stampfer et al. have cor-
related ‘‘loss of function’’ alterations in specific
growth control genes with HMEC immortaliza-
tion [Stampfer et al., 1997; Romanov et al.,
2001; Yaswen and Stampfer, 2001; Yaswen and
Stampfer, 2002]. These results suggest that
specific ‘‘loss of function’’ alterations may facil-
itate the progressive accumulation of growth
regulatory defects that characterize immortali-
zation and transformation. To further investi-
gate the association between STAT3 activation,
C/EBPd induction and the initiation of G0 GA,
we utilized two immortalized, but non-tumori-
genic HMEC lines, MCF-10A and MCF-12A.
MCF-10A and MCF-12A cell lines exhibit near
diploid karyotypes and have undergone rela-
tively few chromosome rearrangements [Soule
et al., 1990; Paine et al., 1992].

Serum and growth factor withdrawal alone
(growth arrest), and serum and growth factor
withdrawal plus cytokine treatment (GAþ
OSM, GAþ IL-6) from MCF-10A and MCF-
12A cells induced changes in gene expression
consistent with cell-cycle exit and G0 GA. TTK
mRNA levels (S phase marker) declined from
‘‘Growing’’ (Fig. 2a,b, lane 1) to 48 h G0 GA/
cytokine treatment (Fig. 2a,b, lane 1 vs. lanes
2–10). GAS1 mRNA levels (G0 GA marker) are
virtually undetectable in ‘‘Growing’’ MCF-10A
and MCF-12A cells (Fig. 2a,b, lane 1). GAS1
mRNA levels increase significantly in both
MCF-10A and MCF-12A cells in response to G0

GA/cytokine treatments (Fig. 2a,b, lane 1 vs.
lanes 2–10). GAS1 mRNA levels are maximal in
48 h GAþOSM treated MCF-10A and MCF-
12A cells (Fig. 2a,b, lane 7).

Consistent with the results from primary
HMECS (Fig. 1), STAT3 was constitutively
expressed in both MCF-10A and MCF-12A cells
cell lines under all conditions. pSTAT3 was mini-
mally induced with serum and growth factor
withdrawal-induced GA treatment (Fig. 2c,d,
lanes 2–4). However, the combination of serum

Fig. 1. Induction of C/EBPd mRNA and protein and decrease in
[3H]thymidine incorporation in primary HMECs following two
methods of growth arrest-serum and growth factor withdrawal
(growth arrest media, GA) and Oncostatin M (OSM) treatment.
a: RNA was isolated from HMECs under the following conditions
and probed for C/EBPd and CP (cyclophylin): (lane 1) growing
(50% confluent), (lanes 2–3) near confluent plates 24 and 48 h
following serum and growth factor withdrawal, (lanes 4–5) near
confluent plates in growth media with 50 ng/ml OSM for 24 and
48 h, and (lanes 6–7) near confluent plates in growth arrest media
containing 50 ng/ml OSM for 24 and 48 h. b: Whole cell protein
was isolated from HMECs under the conditions described above
in (a). Western blots were performed and probed with primary
antibodies to STAT3, phosphoSTAT3, C/EBPd, and b-actin
(loading control). c: [3H]Thymidine incorporation of HMECs
initially plated at 35% confluence under the following condi-
tions: (lane 1) growth media (GR), (lane 2) growth media
containing 50 ng/ml OSM (GR-OSM), (lane 3) growth arrest
media (GA), and (lane 4) growth arrest media containing 50 ng/
ml OSM (GA-OSM).
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Fig. 2. Induction of C/EBPd mRNA and protein and decrease in
[3H]thymidine incorporation following serum and growth factor
withdrawal and IL-6 family cytokine addition (IL-6 or OSM) in
MCF-10A and MCF-12A human mammary epithelial cell
(HMEC) lines. Near confluent plates were switched from
complete growth media (CGM) to media containing only 0.1%
FBS and no additional growth factors, with and without 50 ng/ml
IL-6 or OSM. a, b: RNA was isolated from growing cells at 12, 24,
and 48 h of growth arrest with or without IL-6 and OSM. Northern
blots were analyzed for C/EBPd expression and cell-cycle
markers TTK (threonine tyrosine kinase) and GAS1 (growth arrest
specific gene 1). CP (cyclophylin) was used as a loading control.
c, d: Near confluent plates were growth-arrested with and

without IL-6 and OSM, whole cell protein isolated at 12, 24, and
48 h timepoints, and Western blotted. Westerns were probed
with primary antibodies to STAT3, phosphoSTAT3, C/EBPd, C/
EBPb, CDK inhibitor p27, and b-actin. e, f: [3H]Thymidine
incorporation of MCF-10A and MCF-12A cells in growth media
(GR), growth arrest media (GA), growth arrest media with 50 ng/
ml OSM (GA-OSM) and growth arrest media with 50 ng/ml IL-6
(GA-IL6). g: Growth suppression of MCF-12A cells following C/
EBPd over-expression. MCF-12A cells were transfected with no
construct (�, control), full length C/EBPd construct (full length),
or pcDNA3 (þ, control) and cultured in G418 selection media.
Plates were stained with crystal violet and photographed.



and growth factor withdrawal plus OSM or IL-6
significantly induced pSTAT3 levels (Fig. 2c,d,
lanes 5–10). C/EBPd protein levels increas-
ed twofold to threefold by 12 h of serum and
growth factor withdrawal and remained ele-
vated through the 48 h treatment period in both
MCF-10A and MCF-12A cells (Fig. 2c,d, lane 1
vs. lanes 2–4). The combination of serum and
growth factor withdrawal plus OSM or IL-6
significantly increased C/EBPd protein levels
compared to serum and growth factor with-
drawal alone (Fig. 2c,d, lane 2 vs. lanes 5–10).
We also assessed the levels of the cyclin
dependent kinase inhibitor p27 under growing
and GA conditions. p27 protein levels were
undetectable in growing cells, however, p27
levels increased following both serum and
growth factor withdrawal and IL-6 family cyto-
kine treatment, consistent with a growth-arrest
state. C/EBPb protein was constitutively ex-
pressed in both MCF-10A and MCF-12A cells
regardless of growth condition. [3H]Thymidine
incorporation decreased following serum and
growth factor withdrawal and cytokine treat-
ment compared to untreated growing controls
(Fig. 2e,f). Analysis of serum and growth
factor withdrawal/cytokine-treated cultures by
flow cytometry confirmed the increase of cells
in G0/G1 (37% in growing cells vs. 75% in
serum deprived/cytokine treated cells) (data
not shown). To directly assess the role of C/
EBPd as a growth suppressor, we expressed
C/EBPd in MCF-12A cells and evaluated colony
formation in a clonogenic assay (Fig. 2g).
Ectopic C/EBPd expression decreased colony
formation by 80% compared to vector control
(pcDNA3) transfected cells. These results de-
monstrate that increased pSTAT3 levels and
increased C/EBPd gene expression are link-
ed to the G0 growth inhibition in immortalized
HMEC lines consistent with the results from
studies with finite lifespan HMECs (Fig. 1,
above). These results also demonstrate that C/
EBPd expression is sufficient to reduce MCF12A
colony formation.

Serum and Growth Factor Withdrawal Plus
IL-6 Family Cytokines Induces Variable Increases
in pSTAT3 and C/EBPd mRNA and Protein Levels,
and Inconsistent GA of Human Breast Cancer

Cell Lines MCF-7, MDA-MB-231,
SK-BR-3, and T-47D

We next investigated the influence of serum
and growth factor withdrawal and IL-6 family

cytokine treatment on activation of the pSTAT3/
C/EBPd growth control pathway and growth
inhibition in human breast cancer cell lines.
Four human breast cancer cell lines were
investigated—MCF-7, MDA-MB-231, SK-BR-
3, and T-47D. All human breast cancer cell
lines express detectable levels of TTK mRNA
(S phase marker) when cultured in CGM
(‘‘Growing’’) (Fig. 3a, lanes 1, 5, 9, 13). Serum
and growth factor withdrawal (GA) effectively
reduced TTK mRNA levels in MCF-10A and
MCF-12A immortalized HMEC lines but did not
result in a significant reduction in TTK mRNA
levels in any of the breast cancer cell lines
(Fig. 3a, lanes 2, 6, 10, 14). TTK mRNA levels
were reduced in MDA-MB-231 and T-47D cells
by GAþOSM treatment and in MCF-7 cells by
GAþ IL-6 treatment (Fig. 3, lanes 3, 7, 16).
Removal of serum and growth factors (GA)
minimally induced C/EBPd mRNA in the four
breast cancer cell lines (Fig. 3a, lanes 2, 6, 10,
14), with the MDA-MB-231 and SK-BR-3
demonstrating slightly higher levels than the
T-47D and MCF-7 cell lines. Significant induc-
tion of C/EBPdmRNA levels was detected in GA
plus OSM treated T47-D and GA plus OSM and
GA plus IL-6 treated SK-BR-3 human breast
cancer cell lines (Fig. 3a, lanes 7, 11, 12). Modest
induction of C/EBPd mRNA levels was detected
in GA plus OSM and GA plus IL-6 treated MDA-
MB-231 cells and GA plus OSM treated MCF-7
cells (Fig. 3a, lanes 3, 4, 15).

STAT3 was constitutively expressed in all
four cell lines regardless of treatment (Fig. 3b,
lanes 1–10). Phosphorylated (activated) STAT3
(pSTAT3) was not detected in growing human
breast cancer cell lines (Fig. 3b, lane 1). Serum
and growth factor withdrawal resulted in no
detectable STAT3 activation (pSTAT3) in the T-
47D and MCF-7 cell lines. Minimally detectable
levels of pSTAT3 were present MDA-MB-231
and SK-BR-3 cells after 48 h (Fig. 3b, lanes 2–4).
pSTAT3 was detected in GA plus OSM treated
MDA-MB-231 cells, but not in GA plus IL-6
treated MDA-MB-231 cells (Fig. 3b, lanes 5–7
vs. 8–10). pSTAT3 levels were also higher in GA
plus OSM treated T-47D cells compared to GA
plus IL-6 treated T-47D cells (Fig. 3b, lanes 5–7
vs. 8–10). In SK-BR-3 cells, pSTAT3 levels were
higher following GA plus IL-6 treatment com-
pared to GA plus OSM treatment (Fig. 3b, lanes
8–10 vs. 5–7). MCF-7 cells exhibited modest
pSTAT3 induction following GA plus OSM
treatment and little or no pSTAT3 induction
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Fig. 3. Variable activation of pSTAT3, induction of C/EBPd and
minimal decrease in [3H]thymidine incorporation in human
breast cancer cell lines MDA-MB-231, T-47D, SK-BR-3, and
MCF-7. a: C/EBPd mRNA induction following serum and growth
factor withdrawal (growth arrest, GA) and IL-6/OSM treatment of
human breast cancer cell lines, MDA-MB-231, T-47D, SK-BR-3,
and MCF-7. Near confluent plates were deprived of serum and
growth factors (GA) with and without the addition of 50 ng/ml IL-
6 (GA-IL6) or OSM (GA-OSM) for 24 h. RNA was isolated,
Northern blotted, and analyzed for C/EBPd and growth marker
TTK expression. CP was used as a loading control. b: STAT3
phosphorylation and C/EBPd protein induction in breast cancer

cell lines, MDA-MB-231, T-47D, SK-BR-3, and MCF-7, follow-
ing serum and growth factor withdrawal and IL-6/OSM
treatment. Near confluent plates were deprived of serum and
growth factors with and without the addition of 50 ng/ml IL-6
(GA-IL6) or OSM (GA-OSM) for 12, 24, and 48 h and whole cell
protein isolated. Western blots were probed with primary
antibodies to STAT3, phosphoSTAT3, C/EBPd, p27, and b-actin.
c: [3H]Thymidine incorporation of near confluent MDA-MB-
231, SK-BR-3, T-47D, and MCF-7 cells in growth media (GR),
growth arrest media (GA), growth arrest media with 50 ng/ml
OSM (OSM) or growth arrest media with 50 ng/ml IL-6 (IL6) for
24 h (48 h for SK-BR-3).
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following GA plus IL-6 treatment (Fig. 3b, lanes
8–10).

Serum and growth factor withdrawal reduced
[3H]thymidine incorporation into MDA-MB-
231, SK-BR-3, and MCF-7 cells by 24 h (48 h
for SK-BR-3) compared to growing controls. The
reduction in [3H]thymidine incorporation in
each cell line was proportional to the relative
induction of C/EBPd gene expression in the
individual cell lines (Fig. 3a,b). For example,
there was virtually no detectable induction of
C/EBPd mRNA or protein levels in response to
serum and growth factor withdrawal in the T47-
D human breast cancer cell line and also no
reduction in [3H]thymidine incorporation was
detected in the T47-D cell line (Fig. 3a, lane 5, 6;
Fig. 3b, lanes 2–4, Fig. 3c). In general, OSM or
IL-6 treatment resulted in C/EBPd gene expres-
sion and reduced [3H]thymidine incorporation
in all four cell lines (Fig. 3c). These results
indicate that breast cancer cell lines respond
relatively poorly to GA induction by serum and
growth factor withdrawal. Serum and growth
factor withdrawal plus IL-6 family cytokine
treatment is associated with induction of the
pSTAT3/C/EBPd signal transduction pathway
and variable growth inhibition in most human
breast cancer cell lines.

Constitutive Akt Activation Contributes to
the Lack of Growth Inhibition in the

T-47D Breast Cancer Cell Line

Protein kinase B (PKB/Akt) is a serine/
threonine kinase in the PI3K signaling path-
way important in growth factor signaling, cell
survival, cell-cycle progression, and motility
[Downward, 1998]. Constitutive activation and
the nuclear localization of Akt occurs frequently
in primary breast tumors and breast cancer cell
lines [Nicholson et al., 2003]. In human mela-
noma cells, constitutive activation of the PI3K/
Akt pathway inhibits tyrosine phosphorylation
of STAT3 and also negatively regulates STAT3’s
transcriptional activity.

To determine the Akt status in all four breast
cancer cell lines, we assessed Akt levels and Akt
activation (phosphorylation) under growing
conditions (CGM) and GA (serum and growth
factor withdrawal and serum and growth factor
withdrawal plus IL-6 family cytokine treat-
ment) (Fig. 4a). In the MCF-12A immortalized
mammary epithelial cell line, phospho-Akt
(pAkt) was detected at relatively low levels
under growing conditions; pAkt levels were

undetectable under GA conditions (Fig. 4a,
lanes 1–3). In the MDA-MB-231 and SK-BR-3
cell lines, pAkt levels declined as cells were
switched from growingtoGAconditions (Fig. 4a,
lanes 4–6, 13–15). In the T-47D cell line, pAkt
levels were slightly elevated under growing
conditions, declined somewhat following serum
and growth factor withdrawal, then increased
with GAþOSM treatment (Fig. 4a, lanes 7–9).
In the MCF-7 cell line, pAkt levels remained

Fig. 4. Expression of pAkt in MCF-12A and MDA-MB-231, T-
47D, MCF-7, and SK-BR-3 cell lines. Effect of Akt inhibitor LY
294,002 on T-47D cell growth arrest following serum and growth
factor withdrawal and OSM addition. a: Near confluent plates
were serum and growth factor deprived with or without the
addition of 50 ng/ml OSM for 48 h. Whole cell protein was
isolated from growing (GR), growth arrested (GA), and growth
arrested with OSM (OSM) cells, Western blotted, and probed
with primary antibodies to Akt, phospho-Akt (pAkt), and b-actin.
b: Whole cell protein was isolated and Western blotted from near
confluent T-47D cells under the following conditions: growing
(GR), serum and growth factor withdrawal (GA), serum and
growth factor withdrawal plus 50 ng/ml OSM (GA-OSM), serum
and growth factor withdrawal plus either 0.5 or 1mM LY 294,002,
serum and growth factor withdrawal plus 50 ng/ml OSM plus
either 0.5, 1, or 10 mM LY 294,002. Blots were probed with
primary antibodies to pSTAT3, Akt, phospho-Akt (pAkt), C/EBPd,
and b-actin. c: [3H]Thymidine incorporation of T-47D cells
under the same treatment conditions as described in (b).
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relatively constitutive regardless of growth
conditions (Fig. 4a, lanes 7–12). The amount
of total Akt differed across the cell lines. Total
Akt levels were relatively low in the MCF-12A.
Total Akt levels were moderate in the MDA-
MB-231 and SK-BR-3 cell lines, and in both cell
lines total Akt levels appeared to decline some-
what under GA conditions (Fig. 4a, lanes 4–6,
13–15). Total Akt levels were constitutively
elevated in the T-47D and MCF-7 cell lines
(Fig. 4a, lanes 7–12). To determine the role of
activated Akt (pAkt) in growth inhibitory
signaling and growth inhibition, we blocked
activation of the Akt signaling pathway in the T-
47D cell line with LY 294,002 under GA and
OSM-treated conditions. A dose-dependent
reduction in pAkt levels was observed in both
growth arrested (Fig. 4b, lane 2 vs. lanes 4–5)
and OSM-treated (Fig. 4b, lane 3 vs. lanes 6–8)
T-47D cells. T-47D total Akt levels did not vary
across treatment groups. In agreement with
previous results (Fig. 3b), pSTAT3 and C/EBPd
protein levels were not induced by serum and
growth factor withdrawal conditions; however,
pSTAT3 and C/EBPd proteins were detected in
OSM-treated T-47D cells (Fig. 4b, lanes 3, 6–8).
LY 294,002 treatment did not affect GAþOSM
induced pSTAT3 or C/EBPd levels, except at the
highest dose (10 mM) (Fig. 4b, lane 8).

T-47D [3H]thymidine incorporation was re-
duced by �30% following serum and growth
factor withdrawal (GA) (Fig. 4c, lane 1 vs. lane
2). T-47D [3H]thymidine incorporation was
reduced by 67% in GA plus OSM treated cells
(Fig. 4c, lane 1 vs. lane 3). Addition of LY
294,002 to GAM decreased [3H]thymidine incor-
poration from a 65% reduction (0.5 mM) to a 78%
(1.0 mM (Fig. 4c, lane 1 vs. lanes 4–5). Addition
of LY 294,002 to GAM with OSM (GA plus OSM)
reduced [3H]thymidine incorporation by 88%
(0.5 mM LY 294,002), by 95% reduction (1.0 mM
LY 294,002) and 99.5% (10 mM LY 294,002)
(Fig. 4c, lane 1 vs. lanes 6–8). These results are
confirmed by flow cytometry (data not shown).

These results demonstrate that treatment
with the IL-6 family cytokine OSM results in an
increase in pSTAT3 levels and decreased pro-
liferation of T-47D human breast cancer cells.
The growth inhibitory effect of OSM can be
enhanced by treatments that block Akt activa-
tion in T-47D cells. This suggests that growth
inhibition is controlled by both the induction of
growth-inhibitory signaling and the inhibition
of growth-stimulatory signaling.

STAT3/C/EBPd Growth Inhibition Is
Independent of Estrogen Receptor Status

To determine whether the growth suppres-
sive role of C/EBPd was related to estrogen
receptor status, the GA response of four breast
cancer cell lines, MCF-7, T-47D, SK-BR-3, and
MDA-MB-231, to serum and growth factor
withdrawal and cytokine addition (Fig. 3c)
was correlated with estrogen receptor status
(Fig. 5a). One ERþ and one ER� cell line
responded to STAT3/C/EBPd growth inhibition
(MCF-7 and SK-BR-3). One ERþ and one ER�
cell line only minimally responded (T-47D and
MDA-MB-231). This suggests that functionality
of the STAT3/C/EBPd growth inhibitory path-
way does not depend on the presence or absen-
ce of the estrogen receptor. To confirm these
findings, MCF-7 cells, which are known to
be ERþ, were growth arrested in charcoal-
stripped serum for 72 h, followed by the addition
of 17b-estradiol to induce a pure ‘estrogen-
induced’ growth (Fig. 5b). Estrogen-induced
growth was then suppressed by the addition of
4-OHT (Fig. 5c). C/EBPd mRNA levels were
not decreased by the addition of 17b-estradiol
and did not increase after 4-OHT treatment
(Fig. 5d), suggesting that estrogen receptor
antagonists do not activate the Stat3/C/EBPd
growth inhibitory pathway. Studies with the
pure anti-estrogen ICI 182,780 produced simi-
lar results (data not shown). These studies
suggest that the C/EBPd growth inhibitory
pathway is not estrogen-regulated. Hence, de-
termining methods for activation of the STAT3/
C/EBPd pathway could provide alternative
treatment options for patients with unrespon-
sive ERþ breast cancer and those with ER�
breast cancer.

DISCUSSION

The goal of the present study was to inves-
tigate the role of C/EBPd and its principal
transcriptional regulator, pSTAT3, in the GA
response of HMECs. In the initial experiments,
we investigated the activation of the pSTAT3/C/
EBPd signal transduction pathway in primary,
finite-lifespan HMECs. Stampfer et al. have
extensively investigated growth regulatory
pathways in primary HMECs [Stampfer et al.,
1997; Romanov et al., 2001; Yaswen and
Stampfer, 2001; Yaswen and Stampfer, 2002].
Their studies have demonstrated that growth
factor receptor blockade and TGFb treat-
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ment induce G0 GA in primary, finite-lifespan
HMECs [Stampfer et al., 1997]. In the present
studies, we showed that serum and growth
withdrawal and IL-6 family cytokine treatment
also induce G0 GA of primary, finite-lifespan
HMECs (Fig. 1a–c). Our data also demonstrate
that primary HMEC GA is associated with
activation of the pSTAT3/C/EBPd signal trans-
duction pathway. These results are consistent
with previous results from our laboratory
demonstrating a role for the pSTAT3/C/EBPd
signal transduction pathway in the G0 GA
of HC11 mouse mammary epithelial cells
[O’Rourke et al., 1999b; Hutt et al., 2000]. These
results are also consistent with previous in vivo
studies in which we demonstrated that C/EBPd
functions in mammary gland involution and
nulliparous C/EBPd knockout female mice
exhibit aberrant mammary epithelial cell pro-
liferation [Gigliotti and DeWille, 1999; Gigliotti
et al., 2003]. Collectively, these results support
a growth regulatory role for the pSTAT3/C/
EBPd signal transduction pathway in normal
mammary epithelial cell biology.

Although our studies did not directly investi-
gate the conversion of primary HMECs to
immortalized HMECs, we did investigate the

GA response of two immortalized HMEC cell
lines, MCF-10A and MCF-12A. Both MCF-10A
and MCF-12A cell lines growth arrested in
response to GA treatments-serum and growth
factor withdrawal alone or serum and growth
factor withdrawal plus IL-6 family cytokines
(Fig. 2e,f). In addition, growth-arrested MCF-
10A and MCF-12A cells exhibited increased
pSTAT3 levels, increased C/EBPd mRNA and
increased C/EBPd protein levels (Fig. 2a–d). It
is of interest that the immortalized MCF-10A
and MCF-12A cell lines were not growth ar-
rested by IL-6 family cytokine treatment when
cultured in CGM, despite exhibiting increased
pSTAT3 levels and increased C/EBPd gene
expression (data not shown). Stampfer and
coworkers have demonstrated that one of the
hallmarks of primary HMEC immortalization
is loss of growth inhibition in response to
specific GA treatments, such as TGFb [Stamp-
fer et al., 1997]. These present results indicate
that growth in the presence IL-6 family cyto-
kines, like growth in the presence of TGFb, may
be one of the growth control functions lost with
HMEC immortalization.

The integration of signaling pathways is
important in all phases of the cell cycle to

Fig. 5. Influence of estrogen receptor expression on C/EBPd
induction. a: Estrogen receptor status of MDA-MB-231, MCF-7,
T-47D, and SK-BR-3 cells correlated with their ability to growth
arrest following serum and growth factor withdrawal and IL-6
family cytokineaddition.b: [3H]Thymidine incorporation of near
confluent plates of MCF-7 cells initially growth arrested in media
containing 0.1% charcoal-stripped serum for 72 h and then either
maintained in growth arrest media (GA-SS) or having 100 pM
17b-estradiol (GA-SSþ100 pM E2) added for 36 h. c: [3H]Thy-
midine incorporation of near confluent plates of MCF-7 cells
initially growth arrested in media containing 0.1% charcoal-

stripped serum for 72 h and then either maintained in growth
arrest media (GA-SS), having 100 pM 17b-estradiol (GAþ100
pM E2) added, or having 100 pM 17b-estradiol and 100 nM 4-
hydroxytamoxifen (4-OHT) (GAþ 100 pM E2þ100 nM 4-OHT)
added for 38 h. d: Near confluent plates of MCF-7 cells were
maintained in growth arrest media (0.1% stripped serum) alone
for 72 h (GA), with the addition of 100 pM E2 (GAþ E2), with the
addition of 100 pM E2 and 100 nM 4-OHT (GAþ E2þ 4-OHT), or
with the addition of 100 nM 4-OHT (GAþ4-OHT). RNA was
isolated and analyzed by Northern blot for C/EBPd expression.
CP was used as a loading control.
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ensure appropriate cell-cycle progression, DNA
replication, mitosis, etc. It is not surprising
that the initiation and maintenance of G0 GA
involves the appropriate activation or deactiva-
tion of more than one signaling pathway.
Inappropriate signaling by one pathway can
modify the effect of another. While normal
mammary epithelial cells respond to a reduction
in growth factors or the addition of a growth-
inhibitory cytokine by activating the pSTAT3/
C/EBPd pathway and entering G0 GA, serum
and growth factor withdrawal alone did not
significantly activate the pSTAT3/C/EBPd sig-
nal transduction pathway and only reduced
growth in 2/4 human breast cancer cell lines
studied (Fig. 3). Combining IL-6 family cytokine
addition with serum and growth factor with-
drawal consistently induced the pSTAT3/C/
EBPd signal transduction pathway and reduced
growth in all four cell lines studied (Fig. 3).
These results suggest that the pSTAT3/C/EBPd
signal transduction pathway and its role in
mammary epithelial cell growth control become
increasingly dysfunctional with the progression
from immortalized to transformed cell lines. Not
surprisingly, function of the pSTAT3/C/EBPd
signal transduction pathway in GA also appears
to be dependent on the activation or inactivation
of other cell signaling pathways in breast cancer
cells. T-47D and MCF-7 cells have a luminal
epithelial phenotype, are hormone sensitive
and over-express E2F1 [Zhang et al., 2000;
Lacroix and Leclercq, 2004]. SK-BR-3 cells are
weakly luminal epithelial-like, are hormone in-
sensitive and over-express Her-2/neu [Lacroix
and Leclercq, 2004]. All three of these cell lines,
however, are considered only weakly invasive
[Zajchowski et al., 2001] and at least minimally
respond to growth factor withdrawal and cyto-
kine addition (Fig. 3c). The MDA-MB-231, on
the other hand, overexpress FGF (fibroblast
growth factor) and are highly invasive,
‘‘mesenchymal-like’’ cells [Zajchowski et al.,
2001; Lacroix and Leclercq, 2004]. These char-
acteristics could contribute to the inability of
the MDA-MB-231 to GA under any of the
treatment conditions studied (Fig. 3c). In addi-
tion, autocrine growth factors produced by
human breast cancer cell lines may contribute
to the loss of growth control by activating the
PI3K/Akt growth signaling pathway and over-
riding cytokine-induced growth inhibitory sig-
nals. Many primary breast tumors and breast
cancer cell lines exhibit constitutive activation

of the PI3K/Akt pathway (Fig. 4a) [Datta et al.,
1999; Nicholson and Anderson, 2002; Nicholson
et al., 2003]. The PI3K/Akt signaling pathway
is important in cell survival, cell-cycle pro-
gression, and motility, and protects cells from
apoptosis induced by growth factor depletion or
extracellular matrix detachment [Downward,
1998; Datta et al., 1999; Nicholson et al., 2003].
While Akt phosphorylation status alone does
not appear to play a significant independent role
in breast cancer progression [Nicholson et al.,
2003], it could have cooperative effects with
disruptions in other signaling pathways. We
demonstrate that both the activation of STAT3
and the inactivation of Akt are important in
initiating GA. Normal mammary epithelial
cells express high levels of pAkt during growth
with no pAkt expression under GA conditions
(Fig. 4a). In this study, breast cancer cells
expressing high levels of activated Akt under
both growing and GA conditions do not activate
STAT3 and only minimally GA with the removal
of serum and growth factors (Figs. 3c and 4a). In
the T-47D cell line, [3H]thymidine incorpora-
tion is reduced by 30% with growth factor
removal; most likely due to the reduction in
media growth factors and slight decrease in
phospho-Akt levels. Increasing phosho-STAT3
activation by combining growth factor reduc-
tion with OSM addition, reduces [3H]thymidine
incorporation by 67% (Fig. 4c). Addition of 1 mM
LY 294,002, an Akt inhibitor, without activation
of STAT3 reduces [3H]thymidine incorporation
by 65%; however, combined with STAT3 activa-
tion, the same 1 mM dose of LY 294,002 re-
duced [3H]thymidine incorporation by over 95%
(Fig. 4c). In melanoma cells, constitutively
activated Akt reduces both STAT3 tyrosine
phosphorylation and STAT3 transcriptional
activity [Krasilnikov et al., 2003]. Akt also blocks
STAT3-mediated activation of p21 by inhibiting
recruitment of CBP and RNA polymerase II to
the promoter in HepG2 cells [Barre et al., 2003].
Reducing activated Akt levels in T-47D cells,
however, did not appear to increase STAT3
phosphorylation or C/EBPd induction at the
doses of LY 294,002 used in this study (Fig. 4b).

Hormonal control and the abundance of
estrogen/progesterone receptors are also impor-
tant factors in cell-cycle progression of breast
cancer cells. Receptor positive cells GA when
treated with receptor antagonists while recep-
tor negative cells do not. Estrogen (estradiol), a
potent mitogen, has been shown to upregulate
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p53 and induce hyperphosphorylation of Rb
[Moudgil et al., 2001]. Synthetic anti-estrogens,
such as tamoxifen and 4-OHT, induce G0/G1 GA
in ERþ breast cancer cells by competitively
binding the estrogen receptor, but also have
been shown to inhibit proliferation in certain
ER� cells by the induction of p21 and p27
and accumulation of hypo-phosphorylated Rb
[Sutherland et al., 1983; Lee et al., 1999]. In this
study, induction of the pSTAT3/C/EBPd inhibi-
tory pathway and G0 GA were not affected by
estrogen receptor status (Fig. 5a)—both ERþ
and ER� cells growth arrested or only mini-
mally growth arrested with serum and growth
factor withdrawal or cytokine addition. Estro-
gen-induced growth in MCF-7 cells was inhib-
ited by tamoxifen addition (Fig. 5b,c), as has
been previously described [Taylor et al., 1984],
however tamoxifen-induced GA did not increase
C/EBPd mRNA levels (Fig. 5d). The pSTAT3/C/
EBPd growth inhibitory pathway appears to
initiate GA independently of the ER pathway.
Hence, treatments which induce GA by activa-
tion of the pSTAT3/C/EBPd pathway could be
potential therapies in unresponsive ERþ or
ER� breast cancer patients.

In conclusion, this study demonstrates that
the pSTAT3/C/EBPd signal transduction path-
way plays an important role in the regulated GA
of HMECs. This data is consistent with previous
work from our laboratory in which activation of
the pSTAT3/C/EBPd signal transduction path-
way has been shown to regulate mouse mam-
mary epithelial cell GA in vivo and in vitro
despite differences in the location and orienta-
tion of critical regulatory elements (Sp1 and
STAT binding sites) between the mouse and
human C/EBPd promoter [Hutt et al., 2000].
These results demonstrate that the function of
the pSTAT3/C/EBPd signal transduction path-
way is progressively disrupted in immortalized
and transformed mammary epithelial cells.
This ‘‘loss of function’’ pattern in the pSTAT3/
C/EBPd signal transduction pathway is consis-
tent with recent SAGE studies by Polyak et al.
in which loss of C/EBPd gene expression was
correlated with increased breast cancer pro-
gression [Alam et al., 1992]. Studies are ongoing
in our laboratory to further investigate the
expression of C/EBPd in breast cancer patients.
In addition, C/EBPd gene promoter analysis
and characterization of the downstream effec-
tors of the pSTAT3/C/EBPd signal transduction
pathway are in progress.
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