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Abstract
The effects of prolactin (PRL) during the pathogenesis of breast cancer are mediated in part
though Stat5 activity enhanced by its interaction with its transcriptional inducer, the prolyl
isomerase cyclophilin B (CypB). We have demonstrated that knockdown of CypB decreases cell
growth, proliferation, and migration, and CypB expression is associated with malignant
progression of breast cancer. In this study, we examined the effect of CypB knockdown on PRL
signaling in breast cancer cells. CypB knockdown with two independent siRNAs was shown to
impair PRL-induced reporter expression in breast cancer cell line. cDNA microarray analysis was
performed on these cells to assess the effect of CypB reduction, and revealed a significant
decrease in PRL-induced endogenous gene expression in two breast cancer cell lines. Parallel
functional assays revealed corresponding alterations of both anchorage-independent cell growth
and cell motility of breast cancer cells. Our results demonstrate that CypB expression levels
significantly modulate PRL-induced function in breast cancer cells ultimately resulting in
enhanced levels of PRL-responsive gene expression, cell growth, and migration. Given the
increasingly appreciated role of PRL in the pathogenesis of breast cancer, the actions of CypB
detailed here are of biological significance.

Introduction
An increasing body of literature supports a significant role for the hormone prolactin (PRL)
in the pathogenesis of human breast cancer. Epidemiologic analysis has revealed that PRL
concentration is associated with an increased risk for breast cancer (Hankinson et al. 1999,
Eliassen et al. 2007, Tworoger et al. 2007), particularly in post-menopausal women. These
clinical observations are further substantiated by the PRL transgenic mouse model, which
develops both estrogen receptor positive (ER+) and negative (ER−) mammary tumors after
12–18 months (Wennbo et al. 1997, Wennbo & Tornell 2000, Rose–Hellekant et al. 2003).
Several lines of evidence have also indicated that PRL acts as both an endocrine and
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autocrine/paracrine progression factor for mammary carcinoma in vitro and in vivo in
rodents and humans (Clevenger et al. 1995, Das & Vonderhaar 1997).

The effects of PRL are mediated by the interaction with its receptor (PRLR; Clevenger et al.
2003). Binding of PRL activates the pre-dimerized PRLR (Gadd & Clevenger 2006) and
results in the activation of PRLR-associated signaling cascades such as Jak2/Stat5, Fyn/Src,
Shc/Grb2, Sos/Raf/MAPK, and Tec/Nek3/Vav/Rac (Clevenger et al. 2003), resulting in the
transactivation of PRL-responsive genes that include cyclin D1, CISH, and β-casein
(Guyettek et al. 1979, Pezet et al. 1999, Brockman & Schuler 2005, Utama et al. 2006, Fang
et al. 2008). The summation of these signaling events results in the terminal maturation of
normal mammary tissues (Maus et al. 1999, Miller et al. 2007), and contributes to the PRL-
induced growth (18–20) and motility (Maus et al. 1999, Miller et al. 2007) of malignant
breast cells and tissues.

Previous research in our laboratory had demonstrated that some of the actions of PRL are
directly mediated by the localization and function of this ligand within the nucleus
(Clevenger et al. 1991, Rycyzyn et al. 2000). Yeast two-hybrid screening was used to
identify binding partners involved in this process (Rycyzyn et al. 2000, Rycyzyn &
Clevenger 2002) and identified that the peptidyl prolyl cis–trans isomerase, cyclophilin B
(CypB), was a binding partner required for the nuclear translocation of PRL (Rycyzyn et al.
2000). Within the nucleus, the PRL–CypB complex was found to function as an inducer for
the latent transcription factor Stat5, through its induction of the release of the Stat5 inhibitor,
PIAS3 (Rycyzyn & Clevenger 2002). CypB has also been demonstrated to be associated
with malignant progression and regulation of genes implicated in the pathogenesis of breast
cancer (Fang et al. 2009a).

The cyclophilins are members of a larger class of PPIase proteins widely expressed
throughout the body, known as the immunophilins that are targets for the
immunosuppressive agents FK506, cyclosporine A, and rapamycin (Kofron et al. 1991,
Fischer et al. 1998). Although classically thought to assist in protein folding, immunophilins
also serve as signaling switches via prolyl isomerization (Hunter 1998), regulating the
activity of cell surface receptors transforming growth factor β (Huse et al. 1999), tyrosine
kinases (Brazin et al. 2002, Zheng et al. 2008), and transcription factors such as c-Myb
(Leverson & Ness 1998) and IRF4 (Mamane et al. 2000). In addition to its actions within
the nucleus as a transcriptional inducer, CypB as a secreted protein is also thought to serve
as a ligand for the CD147 receptor, thereby regulating the motility of cells expressing this
receptor (Yurchenko et al. 2001, Yang et al. 2006, Pakula et al. 2007, Melchior et al. 2008).
Indeed, a recent study has revealed that CypB present in the conditioned medium of the
breast carcinoma cell line MDA-MB231 promoted chemotaxis of bone marrow-derived
mesenchymal stromal cells (Lin et al. 2008). However, despite these insights into CypB
action, the function of CypB during PRL-induced gene expression and action in breast
cancer cells has remained undocumented.

In this study, for the first time, the effects of altering CypB levels in breast cancer cells
during PRL stimulation were examined at the level of gene expression profiling, anchorage-
independent growth, and cell migration. These studies demonstrate that expression levels of
CypB significantly augmented PRL-induced action in breast cancer cells ultimately resulting
in enhanced levels of growth and migration of breast cancer cells.
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Materials and methods
Cell lines, vectors, and reagents

The human breast cancer cell lines (T47D and MCF7) from American Type Culture
Collection (ATCC, Manassas, VA, USA) were maintained in DMEM (Hyclone, Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS), 50 μg/ml penicillin, and 50
μg/ml streptomycin in a humidified atmosphere of 5% CO2 at 37 °C. The si-CypB cells
(T47D siRNA CypB knockdown stable cells) and si-Luc cells (siRNA control cells for non-
genomic targets) were described before (Fang et al. 2009a). Vectors used in this study are
firefly luciferase reporter pGL4-CISH (Fang et al. 2008), pGL4-LHRE (Fang et al. 2009b),
renilla luciferase reporter pGL4.73 (Promega), pGL410-SV40 (Fang et al. 2009a),
pcDNA3.1 (Invitrogen), and pcDNA3.1-CypB (Rycyzyn et al. 2000). Human recombinant
PRL was a gift from Dr Tony Kossiakoff (University of Chicago). Antibodies used in this
study are anti-CypB (Invitrogen, 37-0600) and α-tubulin (Zymed, 32-2500, Carlsbad, CA,
USA).

Knockdown of CypB
For these studies, two separate knockdown approaches were utilized for cross-validation
purposes to exclude off-target effects. The first approach used the lentiviral si-CypB
sequence (this siRNA sequence is against the 3′-end region of the CypB coding sequence;
Robida et al. 2007). The si-CypB cells (T47D siRNA CypB knockdown stable cells) and si-
Luc cells (siRNA control cells for non-genomic targets; Fang et al. 2009a) were previously
used. For independent validation of the effects of siRNA knockdown of CypB, a second
approach used a different siRNA (si-CypB-T, against the central region of the CypB coding
sequence, Cat no.: D-001136-01-05, Dharmacon, Lafayette, CO, USA) that was transiently
transfected in T47D and MCF7 cells in parallel with si-control RNA (Cat no. D-001210-01
from Dharmacon) using RNAiMAX (Invitrogen). After 48 h, cells were harvested for RNA
isolation.

Luciferase assay, western blot, microarray and data analysis, RT-PCR and real-time PCR,
soft agar growth, and cell motility assay

Dual luciferase assay was conducted according to Fang et al. (2008), and details are
described in the figure legends. Microarray was conducted on Illumina Human Ref-6
Version 2 Expression Chip (Illumina, San Diego, CA, USA). T47D si-CypB cells were
cultured in the growth medium for 3 days followed by 24 h arrest prior to PRL treatment
(100 ng/ml) for 2 h. RNA isolation for microarray analysis was conducted as described in
Fang et al. (2009a) and in the supplementary data, see section on supplementary data given
at the end of this article. Primers for real-time PCR are listed in Supplemental Table 1, see
section on supplementary data given at the end of this article. Microarray data were
deposited in Gene Expression Omnibus database with accession number GSE15505 (GEO,
http://www.ncbi.nlm.nih.gov/geo/). Soft agar growth and cell motility assay were conducted
according to Zheng et al. (2008). The details of methods are in Supplemental Figure 1, see
section on supplementary data given at the end of this article.

Statistical analysis
All experiments described here were performed at least three times. Statistical analysis was
performed on GraphPad Prism 4 (GraphPad Software, La Jolla, CA, USA), and specified in
the figure legends. The results are shown as the means with error bars depicting ±S.E.M.

P<0.05 is considered as statistically significant.
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Results
The genes regulated by PRL contribute to essential cell functions

In addition to its well-recognized regulation of genes associated with milk production and
lactation (Clevenger et al. 2008), PRL has been shown to induce expression of many genes
involved in cell proliferation and survival including BCL2 (Beck et al. 2002), CEBPβ
(Nanbu-Wakao et al. 2000), CISH (Pezet et al. 1999, Utama et al. 2006), c-Myc
(Dominguez-Caceres et al. 2004), and cyclin D1 (Brockman et al. 2002). To systematically
query the effects of PRL on global gene expression in human breast cancer cells, the ER+
T47D breast cancer cell line was used for microarray analysis with or without PRL
treatment. Two hours of PRL stimulation (100 ng/ml) was selected as the optimal time
course length, given the preliminary data from our laboratory that had shown maximal RNA
expression from the PRL-responsive CISH, c-Myc, and cyclin D1 gene loci at that time
(Fang et al. 2009b). RNA isolated from these cells was subject to cDNA synthesis, labeling,
and hybridization to the Illumina human cDNA chip. In order to reduce false positives,
probes with measurement value below the background level (detection P value <0.01) in all
hybridizations were filtered out. For subsequent statistical analysis, 17 901 probes were
kept. To establish a physiologically relevant cut point for analysis of PRL-induced gene
expression, the RNA levels of the PRL-induced c-Myc gene (Dominguez-Caceres et al.
2004) were assessed. While microarray analysis demonstrated a 1.4-fold induction of c-Myc
expression, real-time PCR revealed that c-Myc was induced 2.4-fold following PRL
treatment. Similar phenomenon was also observed for BCL3, CEBPβ, CISH, and cyclin D1.
In addition, as documented by the manufacturer, the Illumina cDNA array is sensitive to
detect as little as 1.3-fold change in either direction (up or down). Given this, the criterion to
filter the microarray data was set to 1.3-fold (up- or down-regulation) for subsequent
analysis.

To simultaneously indicate the size of biological effects (log2 fold change as X-axis) and the
statistical significance (−log10 P value as Y-axis) at global level, a volcano plot was used to
compare the difference of gene expression between two groups (Fig. 1A). As seen in
volcano map, the red dots represent the selected differentially expressed genes significantly
regulated by PRL treatment (P<0.05, false discovery rate (FDR)<0.05, fold change ≥1.3 up
or down). Two-dimensional hierarchical clustering was applied to these filtered probes to
generate a global overview of gene expression map in the form of a heat map. Heat map
analysis showed a remarkable difference in gene expression pattern between PRL treatment
and non-PRL treatment groups. It also indicated, in a global view, highly consistent results
among the triplicates in each group (Fig. 1B). Of 28 significantly differentially expressed
genes, 19 were up-regulated and 9 were down-regulated. Many genes listed therein have not
been reported upon before as PRL-responsive genes in breast cancer, including BCL3 and
BCL6 (Fig. 1B). Subsequent real-time PCR analysis confirmed the PRL-regulated mRNA
up-regulation of BCL3 expression and down-regulation of BCL6 expression (Fig. 1C and D).
BCL3 plays an important role in cell proliferation (Na et al. 1999), and sequence analysis
using TFsearch program revealed ten Stat-binding sites within the 10 kb region including
promoter/enhancer upstream of transcriptional start point, as well as within the exons,
introns, and the 3′-untranslated region. BCL6 is a zinc finger transcription factor and found
to be expressed in breast cancer cells (Logarajah et al. 2003), and overexpression of Stat5
has been found to repress BCL6 expression (Scheeren et al. 2005,Walker et al. 2007).
Interestingly, the regulation of menin expression via PRL regulation of BCL6 regulates
pancreatic β-cell growth in pregnant mice; loss of this process may contribute to gestational
diabetes mellitus (Karnik et al. 2007).

Ingenuity pathway analysis (IPA) has been widely used for analysis of gene expression,
proteomics, and metabolic data to elucidate tumor progression, bio-marker discovery, and
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drug discovery (Ganter & Giroux 2008). To assess the global effects of PRL on gene
expression, IPA was used to systematically visualize the relationships of genes regulated by
PRL. The transcripts from microarray results were filtered, and 28 transcripts were inputted
into the IPA database (see Materials and methods). IPA was used to overlay the PRL-
regulated genes onto the global networks developed from the information contained in the
Ingenuity Pathways Knowledge Base. The genes regulated by PRL were categorized into
different biological functions, with the ‘cancer’ biological function shown as the most
significant category (Fig. 1E). When the 28 transcripts were mapped into the IPA
Knowledge Base, the most significant modulated interaction network was associated with
those genes implicated in the pathogenesis of ‘cancer, hematological disease, and cell cycle’
(Fig. 1F). This interaction network revealed that many of these PRL-regulated genes interact
with each other, and in doing so may enhance PRL-induced tumorigenesis. Network
analysis of these cancer-associated genes reveals a central role for many gene products
involved in PRL signaling, such as CISH, MAPK, CEBPβ, ERK, and c-Myc.

Ectopic expression of CypB enhanced Stat5-responsive reporter expression
PRL action is mediated in the cells through distinct signaling pathways including the Jak2/
Stat5 signaling pathway. In this pathway, the intranuclear PRL–CypB complex acts as a
Stat5 transcriptional inducer to regulate gene expression (Rycyzyn et al. 2000, Rycyzyn &
Clevenger 2002). To characterize the role of CypB during PRL-induced expression of Stat5-
responsive genes in breast cancer cells, reporter assay was used to test the effect of CypB
ectopic expression on such promoters in T47D cells. This cell line was selected for our
initial screening studies, given its regulatory robust expression of both the PRLR and CypB
(data not shown). For these studies, the pGL4-CISH luciferase reporter was used for PRL-
induced reporter assay (Fang et al. 2008); this expression construct contained the 1 kb CISH
promoter region-fused upstream of firefly luciferase reporter gene. These results showed
that ectopic expression of CypB itself had no effect on luciferase expression of the pGL4-
CISH reporter in the absence of PRL (Fig. 2A). In the presence of PRL, CypB enhanced
PRL-induced luciferase expression of pGL4-CISH reporter (Fig. 2A). As a parallel control
experiment, we also co-transfected pGL4-CISH with the pcDNA3.1-CypB-PPIase construct
(a CypB mutant construct lacking activity of peptidyl prolyl cis–trans isomerase (PPIase or
PPI)) in T47D cells. Results showed that compared to non-PRL treatment, PRL-induced
luciferase fold change is 22.5±3.3 and 22.0±3.0 respectively in pcDNA3.1 and pcDNA3.1-
CypB-PPIase transfectants, suggesting that the CypB-mediated enhancement of PRL-
induced luciferase expression was dependent upon PPI activity. These results confirmed the
effects of CypB on PRL-induced gene expression (Rycyzyn & Clevenger 2002) in T47D
breast cancer cells.

Knockdown of CypB impaired the expression of Stat5-responsive reporters
To complement the overexpression-based studies, the effects of CypB knockdown on the
PRL/Stat5 signaling pathway were assessed in T47D transfected stably with siRNA against
a control (luciferase; termed si-Luc) or CypB (termed si-CypB; Fang et al. 2009a). Results
from real-time PCR and microarray confirmed a significant knockdown of CypB (Fig. 2B).
A second different sequence directed against CypB (termed as si-CypB-T, and control as si-
control-T) was transiently transfected into T47D and MCF7 cells to validate that the effects
noted in si-CypB stable transfectants were not due to off-target action (Fang et al. 2009a).
The effect of transient transfection of this siRNA also resulted in significantly reduced CypB
levels (Fig. 2C). This second siRNA was also used later in gene profile validation studies
(see Fig. 3). Two PRL-induced, Stat5-responsive promoter reporter constructs, termed
pGL4-LHRE (a synthetic construct containing six Stat5-responsive elements) and pGL4-
CISH, were then introduced into the stable T47D si-CypB cells to evaluate the effects of
CypB knockdown on PRL signaling. Results (Fig. 2D) showed that, compared to wild-type
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cells, the luciferase expression of pGL4-CISH in si-CypB cells had little change in the
absence of PRL. In the presence of PRL, the luciferase expression of pGL4-CISH in si-
CypB cells decreased significantly compared to wild-type cells. Similar results were
observed for pGL4-LHRE (Fig. 2E). These findings revealed that CypB knockdown
decreased PRL-induced expression luciferase in si-CypB cells, further demonstrating the
potentiating effects of CypB on PRL-mediated gene expression.

Knockdown of CypB impaired the PRLR and PRL-inducible endogenous gene expression
To determine the effects of CypB knockdown on PRL-regulated gene expression,
microarray analysis was conducted using si-CypB cells treated with or without PRL. To
characterize the effect of CypB on PRL signaling in this analysis, ‘PRL’ was used as the key
word in the ‘Gene Ontology (GO)’ program to search for PRL-related genes significantly
regulated by CypB knockdown. Results revealed that the expression of the PRLR, S100A6,
and the PRL-inducible protein (PIP) was significantly altered in si-CypB cells compared to
si-Luc cells (Fig. 3A), a finding further confirmed by both real-time PCR and western blot
analysis for PRLR gene (Fig. 3B and C).

Microarray analysis and subsequent validation studies suggested that the panel of the PRL-
induced genes was regulated differently by PRL in si-Luc and si-CypB cells. Real-time PCR
confirmed that CEBPβ, c-Myc, and cyclin D1 mRNA expression was significantly
decreased in si-CypB stable cells compared to that of si-Luc stable cells, while little effect
on BCL3 and CISH was observed (Fig. 4A–E). Real-time PCR results also showed that the
PRL-repressed BCL6 mRNA expression was significantly decreased in si-CypB cells
compared to that of si-Luc cells (Fig. 4F). The effect of transient transfection of a second
differing siRNA (used in Fig. 2E, termed as si-CypB-T, and control as si-control-T) into
both T47D and MCF7 cells was also tested in the context of PRL to further rule out off-
target effects. The PRL-induced CEBPβ and cyclin D1 mRNA expression was significantly
decreased in cells with CypB knockdown (Fig. 4G–L). While si-CypB-T cells resulted in a
decrease in c-Myc and BCL6 levels, these results did not achieve statistical significance
compared to results from the si-CypB stable T47D cells. This may be due to cell line
variance (high PRLR level in T47D and modest PRLR in MCF7) and difference in
knockdown efficiency (stable versus transient). Taken together, these findings indicate that
reductions in CypB levels significantly impacted on PRL-induced gene expression at both
global and locus-specific levels.

CypB knockdown impaired the PRL-induced colony growth on the soft agar
Given that CypB knockdown significantly modulated the expression of the PRL-regulated
CEBPβ, c-Myc, cyclin D1, and BCL6 genes in T47D cells, the effect of CypB knockdown on
PRL-induced anchorage-dependent cell growth was tested using soft agar assay. These
analyses revealed that colony number (counted by single colonies) and size (determined by
the colony area) of si-Luc cells were increased in the presence of PRL. Colony number and
size of si-CypB cells were significantly attenuated, showing that CypB is involved in the
anchorage-independent cell growth (Fig. 5A–F).

CypB knockdown impaired the PRL-induced cell motility
PRL has also been shown to stimulate T47D cell motility (Maus et al. 1999, Miller et al.
2007). To investigate whether CypB knockdown affected PRL-induced cell motility,
Boyden chamber cell migration assay was conducted using PRL as a chemoattractant. These
data revealed that PRL stimulated si-Luc cell motility, as previously described (Miller et al.
2007). The PRL-induced motility of the si-CypB cells was significantly decreased, revealing
a contribution of CypB to PRL-mediated cell motility (Fig. 6). In our previous publication
(Fang et al. 2009a), we have shown that knockdown of CypB impaired the FBS-inducible
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and estradiol-inducible cell migration, suggesting that the impairment of cell motility in si-
CypB cells is due to global effects on gene expression involved in motility regulation. It is
also noted that CypB knockdown decreased migration and colony formation even without
PRL. This input may be due to the inhibition of the actions of autocrine PRL produced by
these cells. In the presence of PRL, CypB knockdown impaired PRL-induced migration and
colony formation (Figs 5 and 6).

Discussion
Given the increasingly appreciated role of PRL in the pathogenesis of breast cancer,
surprisingly little is known in regards to the regulation of gene expression in such cells. In
this context, this study sought to examine the effects of both PRL stimulation and CypB
knockdown on PRL-induced gene expression by validated gene profiling, and relate these
observations to PRL-induced growth and motility. CypB has been shown previously to play
an important role in cell survival (Kim et al. 2008), cancer progression, cell proliferation,
and cell growth (Fang et al. 2009a). Our results indicate that the absence of CypB
significantly impairs the patterns of gene expression induced by PRL in breast cancer cells.

Gene profiling analysis performed here and elsewhere (Fang et al. 2009a) showed that CypB
knockdown regulated PRL-related genes that included the PRLR. It is important to note that
given widely varying effects of CypB knockdown on PRL-induced genes (see Fig. 3), we
believe that the effects of CypB extend beyond that of a mere reduction in PRLR levels; the
PIP mRNA (PIP or GCPD15) protein was noted to be increased twofold in si-CypB cells.
PIP was first cloned from T47D cells and was induced by 5 days of PRL and/or GH
treatment (Murphy et al. 1987). Higher mRNA levels of PIP have a high correlation with the
expression of ERα, progesterone receptor, and low-grade tumors (Clark et al. 1999); mRNA
for the PRL regulatory element binding protein (PREB, also known as SEC12 or MGC3467)
mRNA was up-regulated by PRL only in si-CypB cells (not in si-Luc cells). PREB acts as a
transcriptional activator on PRL promoter region to regulate PRL expression (Fliss et al.
1999). S100A6 mRNA is a S100 calcium-binding protein, also known as PRLR-associated
protein, and is down-regulated in si-CypB cells (Fang et al. 2009a). S100A6 has been
observed in PRLR immunoprecipitates (Murphy et al. 1988). S100A6 is up-regulated in
breast cancer cells and tissues (Maelandsmo et al. 1997), and knockdown of this gene
appears to decrease both cell proliferation and motility (Breen & Tang 2003). The c-Myb
proto-oncogene mRNA was down-regulated in PRL-stimulated si-CypB cells (P<0.05). c-
Myb is associated with cell differentiation and proliferation (Weston 1999). c-Myb protein
level is increased in in situ and invasive breast cancers (McHale et al. 2008). The c-Myb
mRNA levels were regulated by cyclophilin isomerase activity (Leverson & Ness 1998). c-
Myb is a Stat5a co-activator during PRL/Stat5a-driven gene expression (Fang et al. 2009b).
The CEBPβ transcription factor mRNA was also down-regulated in si-CypB cells. CEBPβ is
bZIP transcription factor acting as a Stat5 co-activator and is also a Stat5-regulated gene
(Nanbu-Wakao et al. 2000). The PRLR promoter has CEBPβ-binding sites, and
overexpression of CEBPβ up-regulates PRLR expression (Hu et al. 1998). This suggests that
CypB has a profound impact on PRL-related gene expression.

Our previous work using a matched, progressive-based breast tissue microarray (Fang et al.
2009a) showed that CypB levels were increased in malignant breast epithelium, suggesting
that the up-regulation of CypB in breast cancer could significantly modulate the biology of
this disease. siRNA-mediated knockdown of CypB was found by gene profiling to
significantly regulate genes related to cell proliferation, motility, and receptors (Fang et al.
2009a). Since CypB mediates PRL-responsive gene expression with profound effects, we
hypothesized that CypB is multifaceted, serving as an activator of receptor expression (i.e.
PRLR), a chaperone for ligand (i.e. PRL), and an inducer for the transcriptional factor (i.e.
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Stat5; Rycyzyn & Clevenger 2002), all of which may collectively contribute to the
regulation of the PRL-responsive genes. Given the significant effect of CypB knockdown on
the PRL-induced anchorage-independent cell growth and cell motility, these results would
suggest that the molecular actions of CypB within the cell during PRL-induced signaling
impact significantly on the biology of breast cancer cells.

The precise role of Stat5 in the pathogenesis of breast cancer remains to be fully clarified.
While data from mouse models of mammary cancer clearly indicate that loss of Stat5
function results in a significant delay in the pathogenesis of malignancy at this site (Ren et
al. 2002), data from human tissues have shown that phosphorylated/nuclear Stat5 is
associated with a favorable histopathology (Sultan et al. 2005). Although CypB could
influence Stat5 function both through its indirect actions at the cell surface and by its direct
interaction with Stat5, it is interesting to note that many of the gene transcripts influenced by
reduction in CypB expression in this manuscript demonstrate multiple Stat5-binding sites
within their proximal promoter regions. As such, these findings would suggest that
inhibitors that target both PRL-induced signals and CypB may have a synergistic potential at
the level of Stat5 function in the treatment of breast cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Microarray analysis demonstrates the effects of PRL on global gene expression. (A)
Volcano map demonstrates the relationship between the observed fold change in gene
expression and the P value significance of such changes in PRL-treated cells. The dotted
lines represent the P value and fold change cutoffs. The red dots represent the selected genes
filtered by criteria (fold change ≥1.3 up or down, P<0.05, FDR<0.05). (B) Heat map
analysis reveals a global view of genes up- and down-regulated in PRL-treated cells. (C and
D) Real-time PCR validates microarray results for BCL3 (C) and BCL6 (D). Statistical
analysis was performed using Student's t-test. (E) The biological functional categories were
obtained from the molecular and cellular function in the IPA database. (F) The top
interaction networks generated using IPA analysis included genes associated with ‘cancer,
hematological disease, and cell cycle’. The color indicates up-regulation (red), down-
regulation (green), and complexes (gray) of genes. ***P<0.001.
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Figure 2.
The effects of CypB overexpression and CypB knockdown on a Stat5-responsive reporter.
(A) Luciferase assay using pGL4-CISH reporter. Cells were transfected with pGL4-CISH
reporter, the renilla luciferase control (pGL4.73), and pcDNA3.1-CypB expression vector.
Transfectants were cultured in the minimal defined medium for 24 h, followed by 24 h of
PRL stimulation prior to luminescence assay. (B and C) CypB knockdown in T47D cells
confirmed by real-time PCR and microarray (B), and transient transfection (C). (D and E)
Luciferase assay using pGL4-CISH (D) and pGL4-LHRE (E). T47D parental cells (wt) or
si-CypB cells were co-transfected with 100 ng pGL4-CISH (D) or pGL4-LHRE (E), along
with 2 ng renilla luciferase control (pGL4.73) and 400 ng pcDNA3.1-CypB expression
vector, and maintained in the FBS-containing growth medium overnight. Transfectants were
then starved in the FBS-free minimal defined medium for 24 h, followed by 24 h of PRL (10
ng/ml for pGL4-CISH and 100 ng/ml for pGL4-LHRE) stimulation prior to luminescence
assay. Statistical analysis was performed using two-way ANOVA. **P<0.01; ***P<0.001.
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Figure 3.
The characterization of PRL-related genes affected by CypB knockdown. (A) Heat map
showed down-regulation of PRLR, S100A6, and PIP in si-CypB cells compared to si-Luc
control cells. (B and C) Real-time PCR (B) and western blot (C) confirmed the PRLR down-
regulation in si-CypB cells. Statistical analysis was performed using Student's t-test.
**P<0.01.
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Figure 4.
Real-time PCR validated the impairment of PRL-induced gene expression by CypB
knockdown in T47D si-CypB stable cells (A–F) and in MCF7 cells (G–H) with transient
transfect of si-CypB-T. The y-axis label ‘fold change’ is defined in the Materials and
methods section. Statistical analysis was performed using Student's t-test. *P<0.05;
**P<0.01.
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Figure 5.
CypB knockdown results in the decreased PRL-induced soft agar growth and cell motility.
Cells were grown on soft agar for 2 weeks, and the pictures were taken under phase contrast
microscopy. (A) si-Luc without PRL treatment, (B) si-Luc with PRL treatment (200 ng/ml),
(C) si-CypB without PRL treatment, (D) si-CypB with PRL treatment (200 ng/ml), (E)
colony number on the soft agar, and (F) the total colony area on the soft agar. **P<0.01;
***P<0.001.
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Figure 6.
CypB knockdown results in the decreased PRL-induced cell motility. Cell motility was
assayed using Boyden chamber migration assay. The inserts were coated with collagen I
overnight. T47D cells were arrested in the FBS-free medium and placed in the inserts. Cells
were cultured for 20 h, and the migrated cells were counted under a microscope. Statistical
analysis was performed using two-way ANOVA. ***P<0.001.
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