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Abstract
Mammary epithelial cells undergo changes in growth, invasion, differentiation, and dedifferentiation
throughout much of adult hood, and most strikingly during pregnancy, lactation, and involution.
Clusterin is a multifunctional glycoprotein that is involved in the differentiation and morphogenesis
of epithelia, and that is important in the regulation of postnatal mammary gland development.
However, the mechanisms that regulate clusterin expression are still poorly understood. Here, we
show that clusterin is up-regulated twice during mouse mammary gland development, a first time at
the end of pregnancy and a second time at the beginning of the involution. These points of clusterin
up-regulation coincide with the dramatic phenotypic and functional changes occurring in the
mammary gland. Using cell culture conditions that resemble the regulatory microenvironment in
vivo, we determined that the factors responsible for the first up-regulation of clusterin levels can
include the extracellular matrix component, laminin, and the lactogenic hormones, prolactin and
hydrocortisone. On the other hand, the second and most dramatic up-regulation of clusterin can be
due to the potent induction by TGF-β1, and this up-regulation by TGF-β1 is dependent on β1 integrin
ligand-binding activity. Moreover, the level of expression of β-casein, a marker of mammary
epithelial cell differentiation, was decreased upon treatment of cells with clusterin siRNA. Overall,
these findings reveal several novel pathways for the regulation of clusterin expression during
mammary gland development, and suggest that clusterin is a morphogenic factor that plays a key
role during differentiation.
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INTRODUCTION
Clusterin is a multifunctional secretory glycoprotein, which was discovered about 20 years ago
from ram rete testis as a protein causing clustering of the erythrocyte (1,2). Besides the name
of clusterin, this protein has many different names, including apolipoprotein J, SGP-2,
glycoprotein III, and TRPM-2. Clusterin is found in all body fluids including plasma, milk,
urine and cerebrospinal fluid as well as on the surface of cells lining body cavitities (3).
Clusterin is highly conserved across the species showing 70–80% identity at the amino acid
level among mammals. No homologs have been identified in fruit flies or yeast.
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Clusterin is important for the regulation of differentiation and morphogenesis of epithelia and
multiple experiments using clusterin antisense strategy have previously implied a key role of
this glycoprotein in the regulation of epithelial cell phenotypes (4,5). Clusterin can modulate
cell-cell and/or cell-matrix interactions, and has a variety of functions including transporting
lipoproteins, the inhibition of complement-mediated cell lysis, regulation of survival/
apoptosis, and tissue remodeling. It has been shown that clusterin is up-regulated in many
different situations. For examples, in prostate regression after castration, in the brain
neurodegeneration such as Alzheimer’s disease, in the response to injury and other stresses
(heat shock or oxidative stress, etc.), and in the developmental remodeling (4–8). Clusterin can
also interact with a wide range of molecules such as lipids, amyloid proteins, complement
components, immunoglobulin, and TGF-β receptors (9). As the biological significance of
clusterin is being slowly deciphered, particularly its role as a promoter or inhibitor of cell death,
many questions remain unanswered, including the mechanisms for regulation of its expression.

The mammary gland undergoes striking changes in morphology and function during
development, puberty and adult life, and is a useful model for dissect molecular mechanisms
of tissue morphogenesis and function. During each menstrual cycle, and particularly during
pregnancy, mammary epithelial cells undergo cycles of proliferation, invasion, differentiation,
dedifferentiation, and cell death. During the first part of pregnancy, mammary epithelial cells
proliferate, invade the surrounding stromal extracellular matrix (ECM), and form lobulo-
alveolar structures that prepare the gland for lactation (10–12). During late pregnancy, prior
to parturition, breast epithelial cells cease proliferation and invasion, and functionally
differentiate into cells that express and secrete milk proteins. Throughout lactation, epithelial
cells continue to express milk proteins (11). After weaning, the mammary gland undergoes
involution, a phase of extensive remodeling characterized by degradation of ECM and
epithelial cell death by apoptosis (13,14).

It has been shown that clusterin is up-regulated at the beginning of involution (14). However,
the signals that regulate clusterin expression during mammary gland development are still
poorly understood. The aim of this study is to elucidate some of these signaling events. We
show that clusterin expression is, in fact, up-regulated twice during mammary gland
development, a first time at the end of the pregnancy and a second time at the beginning of
involution. Using cell culture models, we show that the first up-regulation of clusterin may be
triggered by laminin, prolactin and hydrocortisone. On the other hand, the second up-regulation
of clusterin appears to be dependent on the levels of hydrocortisone, TGF-β1, as well as β1
integrin ligand-binding activity. Using clusterin siRNA, we also determine that a decrease in
clusterin levels triggers a reduction of β-casein expression, a marker of mammary epithelial
cell differentiation.

MATERIALS AND METHODS
Mammary Gland Extracts

Mammary tissues were obtained from BALB/C female mice, purchased either from Simonsen
Laboratories, Inc. (Gilroy, CA) or Harlan (San Diego, CA). To obtain mammary tissue during
pregnancy, lactation and involution, 12-week-old virgin females were mated. In all cases, the
fourth inguinal mammary glands were harvested. Virgin animals were sacrificed at 5, 7, 12,
and 18 weeks of age; pregnant animals were sacrificed at 2, 5, 12, and 18 days after onset of
pregnancy; lactating animals were sacrificed at 2, 7, 12, and 20 days after onset of lactation;
and animals undergoing involution were sacrificed at 1, 2, 3, 5, and 6 days after weaning.
Mammary glands were immediately frozen at −70 °C. Proteins were extracted using TriPure
isolation reagents (Roche Molecular Biochemicals).

Itahana et al. Page 2

Exp Cell Res. Author manuscript; available in PMC 2008 March 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Cell Culture
SCp2-Id-1 cells were generated by transfecting SCp2 mouse mammary epithelial cells with
the MMTV-Id-1 expression vector (15). Cells were grown in Dulbecco's modified Eagle's and
Ham's F12 media (DME-F12 1:1) containing 5% fetal bovine serum, insulin (5 μg/ml, Sigma),
and gentamicin (50 μg/ml; Invitrogen, CA) at 37 °C in humidified CO2 5% atmosphere. The
derivation of EpH4 cells has been described previously (16). EpRas cells were obtained from
Dr. Ernst Reichmann (Universitäts-Kinderspital Zürich, Zurich), and a non-malignant cell
clone derived from Ras-transfected EpH4 cells (17). EpH4, EpRas, and NMuMG mouse
mammary epithelial cell lines were cultured in DMEM-F12 medium containing 2% fetal
bovine serum, insulin (5 μg/ml), and gentamicin (10 μg/ml). To induce differentiation, cells
were plated with either 1.0–1.5% basement membrane components or 50–150 μg/ml laminin
(Sigma) in DME-F12 lacking serum but containing lactogenic hormones (insulin, 5 μg/ml;
hydrocortisone, 1.4x10−6M; prolactin, 5 μg/ml), as described (15). Basement membrane was
supplied as growth factor reduced Matrigel from Collaborative Research. For serum starvation,
cells were cultured in medium containing insulin and gentamicin for 2–3 days.

Reagents and Antibodies
TGF-β1 (R&D Systems, Inc.), EGF, bFGF and HGF (BD Biosciences), PDGF (Oncogene
Research products), and TGF-α (Biosource) were purchased. For some experiments, cells were
cultured with growth factor in the medium containing insulin and gentamicin for 2 days. The
function-blocking integrin antibodies against α6 (GoH3) and β1 (Ha2/5 and 9EG7) subunits
were purchased as azide- and endotoxin-free reagents from BD Biosciences.

RNA isolation and Northern Analysis
Total RNA was isolated and purified as described (18). RNA (15 μg) were electrophoresed
through formaldehyde-agarose gels and transferred to a nylon membrane (Hybond-N;
Amersham Biosciences). Membranes were hybridized with 32P-labeled probes prepared by
random oligonucleotide priming (Amersham Biosciences), washed and exposed for
autoradiography. The probe of clusterin was 450 bp partial mouse clusterin cDNA obtained
by subtractive hybridization. Subtractive hybridization was performed between SCp2-Id-1
transfected cells and SCp2-control cells according to the manufacturer’s instructions
(QIAGEN). The β-actin probe was purchased from CLONTECH and used as a loading control.
28S and 18S ribosomal RNA are shown as controls for RNA integrity and quantification.

Western Analysis
Cells were rinsed twice with PBS and lysed in 2% SDS, 5% glycerol, 62.5 mM Tris-HCl
(pH6.8). Proteins were separated by SDS-polyacrylamide gel electrophoresis using readymade
gels (Biowhittaler, Walkerville, MD) and blotted to Immobilion-P membranes (Amersham
Biosciences). The membranes were blocked in 5% nonfat milk in TBST buffer (20 mM Tris-
HCl (pH7.5), 100 mM NaCl, 0.1% (v/v) Tween-20), and probed with anti-clusterin antibody
that recognizes a 40 kDa protein (M18; Santa Cruz Biotechnology), anti-E-cadherin antibody
(clone 34; Transduction Laboratories, Lexington, KY), or anti-β1-integrin antibody
(Transduction Laboratories, Lexington, KY). The membranes were washed and incubated with
secondary antibody conjugated with horseradish peroxidase (Santa Cruz Biotechnology).
Detection for the bound antibodies was achieved with ECL-Plus or ECL substrate (Amersham
Biosciences), according to the manufacturer’s instructions.

siRNA Experiments
The siRNAs used in this study were supplied by Dharmacon Research Inc. (Lafayette, CO).
The sequence of siRNA corresponding to the clusterin initiation site was: 5'-
GCAGCAGAGUCUUCAUCAU-3'. The sequence of the negative control siRNA, a non-
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targeting siRNA used as a control for non-specific effects in mouse cells, was: 5'-
CAGCGCUGACAACAGUUUCAU-3'. As a positive control, we used the GAPDH siRNA
provided by Dharmacon Research Inc. Lipofectin, a cationic lipid (Invitrogen Life
Technologies, Inc., Burlington, Ontario, Canada), was used to enhance transfection of cells
with the siRNA. The EpH4 cells were treated with 60 nM siRNA after 20 min preincubation
with 4 μg/ml lipofectin in serum free OPTI-MEM (Invitrogen). Four hours after starting the
incubation, the medium containing siRNA and lipofectin was replaced with culture medium
containing 1% Matrigel and lactogenic hormones as described above. Mammary epithelial
cells were incubated in the differentiation medium for 2 or 3 consecutive days then harvested.

RESULTS
Isolation of partial clusterin cDNA by subtractive hybridization

The clusterin gene was detected in a screen for genes modulated by the transcriptional regulator
and inhibitor of differentiation Id-1, using the mouse mammary epithelial cell line SCp2 (15).
When induced to differentiate, SCp2 cells that ectopically expressed Id-1 showed loose cell-
cell interactions. Using subtractive hybridization method, performed between SCp2-control
cells and SCp2-Id-1 transfected cells as described previously (19), we isolated a cDNA
fragment (450 bp). Partial sequencing of this cDNA fragment revealed that it corresponded to
the mouse clusterin (also called apolipoprotein J, SGP-2, glycoprotein III, or TRPM-2) gene.
Using this cDNA as a probe, a 1.9kb clusterin mRNA was detected in SCp2 cells (Fig. 1). We
found a higher expression of the clusterin gene in serum-starved condition as compared with
serum containing condition in SCp2-control cells. Moreover, the clusterin gene was
preferentially down-regulated in serum-starved SCp2-Id-1 transfected cells, where ectopic
expression of Id-1 could mimic some of the effects of the serum, compared with serum-starved
SCp2-control cells (SCp2-ctl). These data suggested that loss of clusterin expression,
associated with a decrease in cell-cell interaction here and in other cell types (2), was a
consequence of the constitutive expression of Id-1.

Clusterin expression during mouse mammary gland development
We next examined clusterin expression during normal mouse mammary gland development
in vivo using Northern analysis, to observe its regulation in relation to the different stages of
mammary gland proliferation and differentiation (Fig. 2) as we previously determined for the
expression of Zfp289 (19) and for the expression of ß-casein and Id-1 (20). Consistent with
previous observations (14), we detected a strong and transient up-regulation of clusterin mRNA
at the beginning of involution (between day 20 of lactation and day 1 of involution). In addition,
we detected another up-regulation during the second part of pregnancy (between day 12 and
day 18). The up-regulation during pregnancy was however weaker than the one detected at the
beginning of involution. These changes in clusterin expression correlate with alterations in
mammary gland architecture and function. Moreover, these changes correlate inversely with
Id-1 expression. We previously determined that Id-1 was down-regulated during the second
part of pregnancy (when clusterin expression increases) and was up-regulated at day 3 of
involution (when clusterin expression decreases) (20).

Effect of extracellular matrix and lactogenic hormones on clusterin expression
The first up-regulation of clusterin that occurs at the end of pregnancy corresponds to the onset
of lactogenesis. We therefore examined the role of known regulators of lactogenesis, including
the extracellular matrix (Matrigel or laminin) and lactogenic hormones in this regulation.
Culture of SCp2 cells with Matrigel, as well as with insulin, hydrocortisone and prolactin,
represents a well-studied model to investigate the pathways of mammary epithelial cell
differentiation (15). Clusterin mRNA was gradually increased during the course of treatment
(Fig. 3A). When cultured with lactogenic hormones and with laminin, the major component
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of extracellular matrix that induces a faster mammary epithelial cell differentiation than
Matrigel, clusterin expression was markedly increased within 12 hours (Fig. 3B).

To determine the key factor responsible for clusterin upregulation, we tested different
combinations of lactogenic factors for their ability to regulate clusterin expression. Each of the
different factors, i.e. laminin (Lm), hydrocortisone (H) or prolactin (P), appeared to have a
weak effect individually. However, the combination of these three factors had a strong effect
on the induction of clusterin expression (Fig. 3C). We conclude that clusterin up-regulation
occurring at the end of pregnancy might be due to lactogenic hormones, and supported by the
surrounding extracellular matrix (particularly laminin).

Effect of TGF-β1 in mammary epithelial cells
At the beginning of involution, differentiated mammary epithelial cells stop producing milk
protein and undergo apoptosis. Several regulatory factors are known to be induced at beginning
of involution (21). One potent factor is TGF-β1 (14). TGF-β1 is detected in early involution
and might act as a potential modulator of apoptotic cell death. TGF-β1 also acts as a growth
inhibitor in the mouse mammary gland (22,23).

To determine whether TGF-β1 plays a role in the induction of clusterin expression, we treated
four different mammary epithelial cell lines with TGF-β1. After 2 days treatment, clusterin
was up-regulated in all the cell lines (Fig. 4A), particularly in mouse mammary epithelial EpH4
cells. Since clusterin expression in SCp2 cells was much lower than in EpH4 cells, we decided
to focus on the later cell line to determine the role of TGF-β1 in the regulation of clusterin
expression.

To determine whether clusterin was specifically induced by TGF-β1, we treated EpH4 cells
with multiple growth factors. There was no up-regulation of clusterin upon treatment with
EGF, bFGF, HGF, PDGF and TGF-α (Fig. 4B). Clusterin was specifically up-regulated by
TGF-β1, at concentrations as low as 0.5 ng/ml (Fig. 4C) and within a few hours of treatment
(Fig. 4D).

Effect of lactogenic hormones in TGF-β1 treated mammary epithelial cells
It was previously reported that the levels of prolactin and hydrocortisone are high during
lactation, and that there is a dramatic drop of their expression at the transition from lactation
to involution (24). We therefore determined the effects of these lactogenic hormones on
clusterin expression in TGF-β1-treated EpH4 cells. Upon treatment with TGF-β1, clusterin
was strongly induced when cells were cultured with or without Matrigel (Fig. 5). Paradoxically,
clusterin up-regulation by TGF-β1 was suppressed by hydrocortisone (Fig. 5). Prolactin alone
did not have major effect on clusterin expression. Since the degradation of basement membrane
only starts after 2 to 3 days of involution (25), epithelial cells are still surrounded by
extracellular matrix at the beginning of involution. Therefore, it is not surprising that clusterin
is highly expressed when cells are treated with Matrigel and TGF-β1, in the absence of
hydrocortisone and prolactin, conditions that resemble the beginning of involution when
clusterin is strongly induced in the mammary gland.

Effect of β1 integrin function blocking antibody
Clusterin is highly expressed at day 1 and 2 of involution, and strongly down-regulated at day
3 (Fig. 2A). This down-regulation occurs despite the continued presence of TGF-β1, which
was reported to peak after 5 to 6 days of involution (14). Therefore, we investigated the identity
of the factors that suppress clusterin expression at the day 3 of the involution.
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We hypothesized that disruption in extracellular matrix signaling contributes to clusterin down-
regulation at day 3 of involution. To test this hypothesis, we used integrin function-blocking
antibodies to block ECM signaling, and determined the effects on clusterin expression. Cells
were treated with the function blocking antibody against β1 integrin or α6 integrin, as well as
Matrigel and TGF-β1. The β1 integrin-blocking antibody potently suppressed clusterin
expression, while there was no effect from the α6 integrin-blocking antibody (Fig. 6A). Since
clusterin is a secretory protein, we also used conditioned medium to detect clusterin expression.
As shown in Fig. 6B, clusterin levels in condition medium were also decreased by adding β1
integrin blocking antibody. Therefore, the dramatic down-regulation of clusterin expression
observed at day 3 of involution could be a consequence of a disruption of ECM signaling
through the degradation of the basement membrane.

Effect of a reduction of clusterin expression on mammary epithelial cell differentiation
A key role of clusterin in the regulation of epithelial cell phenotypes has been reported in many
different cell types. The increase in clusterin levels, which we detected at the end of pregnancy
(Fig. 2) and after treatment of cells with extracellular matrix and lactogenic hormones (Fig. 3),
was either a necessary event for mammary epithelial cell differentiation and β-casein
expression or was only correlative. To test for a direct role of clusterin, we treated mammary
epithelial cells with either 60 nM of a negative control siRNA or a clusterin-specific siRNA
and determined the effects on β-casein expression. Four hours after starting the incubation, the
medium containing siRNA was replaced with culture medium containing Matrigel and
lactogenic hormones. Clusterin protein expression was determined after 2 days of treatment
and β-casein protein expression after 3 days. In the cells treated with the clusterin-specific
siRNA, a marked decrease in β-casein expression was observed, relative to control-treated cells
(Fig. 7). The level of decrease in β-casein expression was proportional to the level of clusterin
down-regulation.

DISCUSSION
Clusterin is a multifunctional glycoprotein and is ubiquitously expressed and secreted in body
fluids (1). It has been shown that clusterin is up-regulated under many different circumstances,
such as developmental remodeling, brain neurodegeneration, and the response of injury or
other stresses (4). Multiple experiments imply a key role of clusterin in the regulation of
epithelial cell phenotypes. For example, the depletion of clusterin can lead to the programmed
cell death in ovary (26), and its knock-down via antisense RNA in neoplastic epidermoid cells
enhances proliferation (27). Clusterin cannot only suppress epithelial cell proliferation in
vitro, but can also interfere with the promotion stage of skin carcinogenesis (27). Moreover,
clusterin was also found to be important for the regulation of tubuloalveolar morphogenesis
and alveolar epithelial cell differentiation in the adult rat mammary gland (28).

During mouse mammary gland development, we determined that clusterin expression
increased during the second part of pregnancy. During these stages, mammary epithelial cells
cease proliferation and functionally differentiate into cells that express and secrete milk
proteins. The extracellular matrix component, laminin, as well as the lactogenic hormones,
hydrocortisone and prolactin, are required for mammary epithelial cells to differentiate. Using
mammary epithelial cells in culture, we determined that laminin, hydrocortisone and prolactin
were necessary for the fully induction of clusterin expression, which may explain the induction
of clusterin at the end of pregnancy.

The second up-regulation of clusterin, occurring at the beginning of involution, is very strong
and transient. This induction has been previously reported (13). However, we now provide
some possible pathways behind this dramatic up-regulation of clusterin expression. The
increase of clusterin expression that occured at the beginning of involution (day 1 and 2) may
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be due increased levels of TGF-β1 coupled with low level of hydrocortisone, and the decrease
of clusterin levels at day 3 of involution could be a consequence of diminished signaling
through β1 integrins.

During mammary gland development, apoptosis occurs at the beginning of involution (14).
Epithelial cells begin to undergo apoptosis at day 1 of involution and the number of apoptotic
cells continues to increase during subsequent days. At day 5 of involution, apoptotic cells,
detected by TUNEL, decrease because most of the epithelial cells already undergone cell death
(13). TGF-β1 is induced in early involution and it has been thought that TGF-β1 might act as
a potential modulator of apoptotic cell death in addition to regulating the expression of tissue
remodeling enzymes (22). Since clusterin is up-regulated at the onset of involution and its level
are increased by TGF-β1, it is possible that clusterin acts as an important mediator of TGF-
β1 actions. It has already been proposed that clusterin acts as an anti-apoptotic agent, while
some reports state that the function of clusterin is pro-apoptotic (4,5). It was also published
that clusterin has anti-proliferative properties (29,30).

The up-regulation of clusterin by TGF-β1 that we detected in vitro may occur thought the
induction of the c-fos protein. It has been previously reported that c-fos is one of the regulators
of clusterin expression, that the levels of c-fos mRNA were increased at the beginning of
involution and that AP-1 DNA binding activity was detectable at days 1 and 2, and dropped
to low level at days 3 and 4 (31,32). Since clusterin promoter sequence possesses a consensus
AP-1 binding site, we suggest that the up-regulation of clusterin by TGF-β1 may be modulated
through the induction of c-fos.

We also determined that clusterin is regulated by the lactogenic hormone hydrocortisone.
During mouse mammary gland, the levels of hydrocortisone are high during lactation, and drop
at the beginning of involution. Upon daily treatment with hydrocortisone, involution in mice
could be delayed up to 3 days (13). It has been also reported that hydrocortisone could inhibit
TGF-β1 induction (33) and AP-1 DNA binding activity (34,35). Our results show that
hydrocortisone strongly suppresses the up-regulation of clusterin by TGF-β1. Therefore,
simultaneous with the reduction of hydrocortisone levels, TGF-β1 is induced and AP-1 DNA
binding activity increases partially through the up-regulation of c-fos protein expression. As a
consequence, clusterin expression is induced at the beginning of involution.

We attempted to determine why the inhibition of clusterin expression occurs at day 3 of
involution, at a time ECM signaling through the degradation of the basement membrane is
disrupted (25). Using a β1 integrin-blocking antibody, we found that β1 integrin ligand-binding
activity was necessary for the regulation of clusterin expression by TGF-β1. Indeed a crosstalk
between TGF-β1 and β1 integrin signaling has been previously demonstrated in mammary
epithelial cells (36). To our knowledge, this is the first report showing that the levels of ligand-
bound β1 integrin could affect clusterin expression. It has been reported that the perturbation
of β1 integrin function in involuting mouse mammary gland could induce precocious
dedifferentiation of the milk secretory epithelium (37). This implies that the function of β1
integrin is required for the correct initiation of involution. On the other hand, it has been
reported that the level of ligand-bound β1 integrin declined when apoptosis of mammary
epithelial cells began during involution (38). From all these observations, we speculate that
the fall of ligand-bound β1 integrin levels leads to the drop in clusterin expression at day 3 of
involution.

Finally, to determine if the upregulation of clusterin expression was required for mammary
differentiation, we treated mammary epithelial cells with a clusterin small interfering RNA
(siRNA). Using conditions that induced differentiation and milk secretion, i.e. extracellular
matrix and lactogenic hormones, treatment of cells with clusterin siRNA induced a significant
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decrease in the levels of the milk protein β-casein. These data therefore suggest an important
role of the glycoprotein clusterin as an inducer of mammary gland differentiation. An
upregulation of clusterin expression was previously described in several tissues undergoing
differentiation. For example, clusterin participates in the cytodifferentiation of pancreatic
tissue, particularly the endocrine islet cells, and insulin cell differentiation was increased in a
dose-dependent manner by treating duct cells in culture with clusterin (39).

In summary, our results reveal several novel pathways for the regulation of clusterin expression
during mammary gland development and suggest that clusterin is a functionally important
glycoprotein for mammary epithelial cell differentiation.
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Figure 1.
Clusterin expression in SCp2 mammary epithelial cells. SCp2-control cells were cultured in
serum-containing (lane 1), or serum-starved conditions (lane 2). SCp2-Id-1 cells were cultured
in serum-starved conditions (lane 3). Total RNA was extracted and Northern analysis was
performed.
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Figure 2.
Clusterin expression during mouse mammary gland development in vivo. Total RNA was
isolated from mammary glands at different stages of postnatal development and analyzed by
Northern blot. Virgin mice: 5, 7, 12 and 18 weeks after birth; Pregnant mice: 2, 5, 12, and 18
d after onset of pregnancy; Lactating mice: 2, 7, 12, and 20 d after onset of lactation; Involuting
mice: 1, 2, 3, 5 and 6 d after onset of involution.
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Figure 3.
Effect of Matrigel, laminin and lactogenic hormones on clusterin expression. SCp2 cells were
cultured and total RNA was extracted and analyzed on Northern blots. (A) Cells were cultured
with 1.0% of Matrigel and RNA was extracted at 0, 1, 3, 5, 7 and 9 days. (B) Cells were cultured
with (+) or without (−) serum or with 50 μg/ml of laminin and insulin, hydrocortisone and
prolactin, and RNA was extracted at 6, 12 and 24 hrs. (C) Cells were cultured in the presence
of different combinations of laminin, insulin, hydrocortisone and prolactin, and RNA was
extracted after 20 and 40 hrs.
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Figure 4.
Effect of TGF-β1 on clusterin expression in mammary epithelial cell lines. Protein was
extracted and analyzed on Western blots. (A) Mammary epithelial cell lines were cultured with
2 ng/ml of TGF-β1 for 2 days. Since clusterin expression in SCp2 was low compared to the
other cell lines, here is shown a short as well as a long exposure of the same blot. (B) EpH4
cells were cultured with 2 ng/ml of TGF-β1 and, 40 ng/ml of EGF, bFGF, HGF, PDGF and
TGF-α for 2 days. (C) EpH4 cells were cultured with 0, 0.5, 1, 2 or 5 ng/ml of TGF-β1 for 2
days. (D) EpH4 cells were cultured with or without 2 ng/ml of TGF-β1, and clusterin protein
expression determined at 3, 6, 12, 24 and 48 hrs.
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Figure 5.
Effect of lactogenic hormones on clusterin expression in TGF-β1 treated cells. EpH4 cells were
cultured with or without Matrigel and treated with or without 2 ng/ml of TGF-β1 for 2 days
under the presence of prolactin, hydrocortisone, or both prolactin and hydrocortisone. Protein
was extracted and analyzed by Western blotting.
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Figure 6.
Effect of integrin function-blocking antibodies on clusterin expression. EpH4 cells were
cultured with function-blocking antibodies against β1 integrin or α6 integrin in the presence
of Matrigel, and with or without treatment of TGF-β1 for 3 days. (A) Western analysis using
whole cell extracts. (B) Western analysis using condition medium.
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Figure 7.
Effect of a reduction of clusterin protein expression on mammary epithelial cell differentiation.
EpH4 cells were treated with either 60 nM of negative control siRNA or clusterin siRNA. Four
hours after starting the incubation, the medium containing siRNA was replaced with culture
medium containing 1% Matrigel and lactogenic hormones. Cells were incubated in the
differentiation medium for 2 or 3 consecutive days then harvested. Clusterin expression was
determined after day 2 of treatment and β-casein expression after day 3.
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