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Abstract

Many aspects of cellular behavior are defined by the content of information provided by association
of the extracellular matrix (ECM) and with cell membrane receptors. When cultured in the presence
of laminin-containing ECM and prolactin (Prl), normal mammary epithelial cells express the milk
protein B-casein. We have previously found that the minimal ECM- and Prl-responsive enhancer
element BCE-1 was only active when stably integrated into chromatin, and that trichostatin A (TSA),
a reagent that leads to alterations in chromatin structure, was able to activate the integrated enhancer
element. We now show that endogenous B-casein gene, which is controlled by a genetic assembly
that is highly similar to that of BCE-1 and which is also activated by incubation in ECM and Prl, is
instead inhibited by TSA. We provide evidence that the differing response of 3-casein and BCE-1
to TSA is neither due to an unusual effect of TSA on mammary epithelial cells, nor to secondary
consequences from the expression of a separate gene, nor to a particular property of the BCE-1
construct. As a component of this investigation, we also showed that ECM mediated rapid histone
deacetylation in mammary epithelial cells. These results are discussed in combination with previous
work showing that TSA mediates the differentiation of many types of cancer cells but inhibits
differentiation of some nonmalignant cell types.
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To investigate the mechanisms involved in the differentiation of mammary epithelial cells, we
have used an assay in which cells are cultured in recombinant basement membrane (rBM), a
laminin-containing extracellular matrix (ECM) that simulates the normal micro-environment
of mammary epithelial cells [Bissell et al., 1999]. When incubated in rBM and in the presence
of lactogenic hormones, phenotypically normal mammary epithelial cells organize into
polarized, alveolar structures reminiscent of those found in lactating mammary glands
[Barcellos-Hoff et al., 1989]. Complete reorganization is generally accomplished in 4-5 days,
and is accompanied by the transcriptional repression of pro-growth genes, including c-myc,
cyclin D1, and Id1 [Boudreau et al., 1995; Desprez et al., 1995; Boudreau et al., 1996], and
the activation of genes associated with differentiated mammary epithelium, including
lactoferrin, B-casein, and whey acidic protein [Roskelley et al., 1994; Lin et al., 1995]. We
previously investigated the genetic determinants of rBM dependent transcriptional activation
in mammary epithelial cells and identified BCE-1, a 160 bp rBM-responsive minimal enhancer
element derived from the bovine B-casein gene [Schmidhauser et al., 1990, 1992].
Characterization of BCE-1 using site-specific mutagenesis revealed binding sites for C/
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EBPp and Stat5 [Myers et al., 1998], transcription factors that play essential roles in mammary
gland development and differentiation [Liu et al., 1997; Lekstrom-Himes and Xanthopoulos,
1998].

We found that BCE-1 was active only when stably integrated into chromatin, although
pharmacological inhibitors of histone deacetylase enzymes such as trichostatin A (TSA) could
activate BCE-1 inthe absence of rBM or hormones [Myers et al., 1998]. These results suggested
that information from the ECM also impacts on the architecture of the chromatin, since many
aspects of chromatin structure are determined by the acetylation state of its histone subunits
[Taddei et al., 2001]. A number of developmental processes have been linked to changes in
the state of histone acetylation [Mannervik et al., 1999; Litt et al., 2001], including the
differentiation of muscle, blood, and immune cells [Puri et al., 1997; Blobel, 2000; Goodman
and Smolnik, 2000; McMurry and Krangel, 2000]. Abnormalities of regulation or function of
histone acetylase and deacetylase enzymes can lead to developmental abnormalities [Almouzni
et al., 1994; Petrij et al., 1995], generally increased tumor susceptibility [Giles et al., 1998;
Gayther et al., 2000], and a specific predisposition to promyelocytic leukemia [Grignani et al.,
1998; Lin et al., 1998].

Here, we have used our rBM assay to probe the mechanisms by which signals from the ECM
lead to expression of B-casein through alterations in chromatin structure. We will provide
evidence that the activation of p-casein is controlled by rBM-mediated changes in histone
acetylation levels, and we will discuss these results in the context of previous observations
relating chromatin architecture and cellular differentiation.

Cell Culture and Differentiation Assays

The mouse mammary epithelial cell lines CID-9 [Schmidhauser et al., 1990,1992] and Eph4
[Reichmannetal., 1989], and their transfected progenies were maintained in DMEM/F12 (Life
Technologies, Gaithersburg, MD) supplemented with 5% fetal bovine serum and 5 pg/ml
insulin (Sigma, St. Louis, MO) (growth medium). Cells were induced to differentiate in
DMEM/F12 supplemented with 5 ug/ml insulin, 1 ug/ml hydrocortisone (Sigma) and/or 3 pg/
ml prolactin (Prl) (ID# AFP 10677C, NIDDK, NIH, Bethesda, MD) (differentiation medium),
as previously described [Schmidhauser et al., 1990,1992]. Culture on nonadhesive substrata
was as previously described [Roskelley et al., 1994]. Reconstituted basement membrane
(Matrigel, Collaborative Biomedical Products, Bedford, MA) was given in the form of a 1.5%
overlay in the medium. Conditioned medium was prepared in chemically defined serum-free
medium containing insulin (5 pg/ml), transferrin (5 pg/ml), and selenium (5 ng/ml) (Sigma).
Sodium butyrate (Sigma) and TSA (Wako Pure Chemical Industry Ltd, Richmond, VA) were
prepared as 1,000x stock solutions in water and ethanol, respectively, and added as described.

Antibodies and Western Blots

We used the following antisera: for B-casein, a murine monoclonal anti-rat p-casein 1gG

(1:2,000 dilution) (Dr. Kaetzel, Cleveland, OH); for flag-tagged proteins, a mouse monoclonal
anti-flag tag 1gG (1:1,000 dilution) (Kodak, New Haven, CT); for P/CAF, a rabbit polyclonal
anti-human P/CAF (1:1,000 dilution) (Dr. Yang and Dr. Nakatani, NIH); for histone H4

acetylated lysines, a rabbit polyclonal anti-acetylated histone H4 (Upstate Biotechnology Inc.,
Lake Placid, NY); for E-cadherin, a mouse monoclonal anti-human E-cadherin IgG (1:1,000
dilution) (Transduction Laboratories, Lexington, KY). Cell lysates extracted in RIPA buffer
(1% NP-40, 0.5% deoxycholate, 0.2% SDS, 150 mM sodium chloride, 50 mM Tris-HCI, pH
7.4 containing a cocktail of proteases inhibitors from Calbiochem, La Jolla, CA) were mixed
in 10x reducing Laemmli buffer and resolved on prepared 12 or 4-20% gradient gels (BioRad,
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Richmond, CA) using standard SDS-PAGE protocols. Proteins were transferred to
Immobilon-P nitrocellulose filters, immuno-probed, and detected by enhanced
chemiluminescence (ECL, Amersham, Arlington Heights, IL). Blocking solution was
purchased from Pierce Chemical Co. (Rockford, IL). Extracts were quantitated for protein
concentration (BioRad). Scanning and densitometric analysis of E-cadherin were performed
when required as a measure of equal sample loading of epithelial cells [Wang et al., 1998]
using an Eagle Eye Il image analysis system (Stratagene, La Jolla, CA).

Histone Preparations and Triton-Acetic Acid-Urea Gel Analysis

Histones were acid-extracted from isolated nuclei after lysis with NP-40. The acid-soluble
histone fraction was acetone-precipitated and resuspended in water as previously described
[Artsetal., 1995]. Purified histones were quantified using a Bradford assay (BioRad), and then
separated on triton-acetic acid-urea gels [Arts et al., 1995]. Gels were stained with Coomassie
blue and dried before analysis.

Reverse Transcriptase PCR (RT-PCR)

For each RT reaction, 2.5 pg of total cellular RNA, prepared using TRIzol (Life Technologies)
according to the manufacturer’s instructions, was reverse transcribed at 37°C for 3 h with 20
U of reverse transcriptase (Boehringer Mannheim, Indianapolis, IN). Optimal parameters for
MgCl, concentrations, annealing temperatures, and cycle number were empirically determined
for each PCR reaction. CAT PCR amplifications were performed with 5’ primer 5-GCC CGC
CTG ATG AAT GCT CA-3, and 3’ primer 5-CGC CCC GCC CTG CCA CTC ATC G-3..
Beta-casein PCR amplifications were performed with 5" primer 5'-ATG AAG GTC TTC ATC
CTC GCC-3', and 3’ primer 5-TTA GAC AGA AAC GGA ATG TTG TGG-3'. P/ICAF PCR
amplifications were performed with 5’ primer 5-CGA ATC GCC GTG AAG AAA GC-3',and
3’ primer 5'-GGG GTT TCT TTT CCA AAG AGC-3'. Tissue-plasminogen activator PCR
amplifications were performed with 5" primer (5'-TGG ACT GGC TTT CCC ATT GC-3'), and
3’ primer (5-CCA GCT TGA TGG CAT TTG GC-3'). As a control for total RNA integrity,
actin RT-PCR experiments were performed with 5’ primer 5-GCT GGT CGT CGA CAACGG
CT-3, and 3’ primer 5'-ATG ACC TGG CCG TCA GGC-3'. Removal of all genomic DNA
was verified for every RNA preparation by PCR amplifying actin sequences before cDNA
synthesis. The resulting amplified fragments were analyzed on 1.5% ethidium bromide-stained
agarose gels with an Eagle Eye 1l image analysis system (Stratagene).

Plasmids, Transfections and Reporter Gene Analysis

Expression analysis of reporter constructs was performed as described previously
[Schmidhauser et al., 1990,1992;Myers et al., 1998]. The expression plasmid for the human
open reading frame cDNA of p/CAF, including a N-terminal flag tag, was from Dr. Yang and
Dr. Nakatani, NIH [Yang etal., 1996]. Stable and transient transfections, cell harvest, and CAT
assays were performed essentially as described previously [Myers et al., 1998]. Cells were
cultured in growth medium at a density of 1.5 x 106 per 100 mm tissue culture plastic dish 1
day prior to transfection. Ten micrograms of test plasmid and 1 ug of RSV/neo were co-
transfected by the lipofectin-based method (Gibco BRL, Gaitherburg, MD) according to
manufacturer’s instructions, and cells were selected using a growth medium with or without
geniticin. Pooled populations of stable transfections were analyzed in functional differentiation
assays. For the CAT assays, cell extracts normalized for standard protein levels (Bradford
assay) were incubated in the presence of 0.9 mM acetylcoenzyme A (Sigma) and 63 pM
fluorophore Bodipy 1-deoxychloramphenicol (Molecular Probes, Eugene, OR) for 8 h at 37°
C, and extracted with ethyl acetate. The thin layer chromatography plates from the CAT assays
were analyzed with an Eagle Eye 1l image analysis system (Stratagene). pSVCAT reporter
plasmid (Stratagene) was used as a positive control for CAT activity.
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RESULTS

TSA Inhibits Production of Endogenous B-Casein

We previously characterized BCE-1 as a minimal enhancer element derived from the bovine
f-casein gene. In these studies, we found that a BCE-1-CAT construct could be activated in
mouse mammary epithelial cells either by differentiation conditions that included rBM and Prl
or by TSA, but only when the reporter construct was stably integrated into chromatin
[Schmidhauser et al., 1990,1992;Myers et al., 1998]. Here, we examined the effect of these
stimuli on the expression of the endogenous B-casein gene. Using the CID-9 mouse mammary
epithelial cell line employed in the earlier studies, we found that addition of TSA attenuated
production of endogenous p-casein (Fig. 1). Assessing the degree to which TSA treatment
inhibited expression of B-casein is complicated by the long half-life of the B-casein protein
[Lee et al., 1985] since this assay requires 4-5 days, but toxicity considerations precluded the
use of TSA for more than just the final 24 h. Nevertheless, the difference between the response
of the endogenous B-casein and the BCE-1 minimal enhancer to TSA was striking, especially
given (1) the similar structure of the two promoter/enhancers [Rosen et al., 1999], (2) that both
respond identically to different combinations of rBM and Prl [Schmidhauser et al., 1992], and
(3) that TSA is often used as a differentiation agent [Marks et al., 2000], and B-casein is a
marker of mammary epithelial cell differentiation [Roskelley et al., 1995]. We performed a
series of experiments to dissect the basis of the differential response of -casein and BCE-1 to
TSA.

TSA Mediates Activation of BCE-1 and Hyperacetylation of Histone H4

Investigations of the mammary epithelial, tissue-specific MMTYV enhancer/promoter had
indicated a complex, bimodal activation relationship in response to TSA [Bartsch et al.,
1996]. It was possible that both BCE-1 and B-casein were activated and/or repressed by TSA,
but at different time points or with different concentrations of TSA. This possibility was tested
with CID-9 cells stably transfected with the BCE-1-CAT reporter construct. Induction of CAT
activity by TSA became apparent after 8 h and was maximal by 24 h (Fig. 2A). Continued
expression of CAT was dependent upon the sustained presence of TSA, as a progressive l0ss
of CAT activity was observed in cells treated for 10 h with TSA, then washed and incubated
in medium lacking TSA (Fig. 2B). Furthermore, TSA stimulated CAT activity both on plastic
and on ECM. On plastic, CAT expression was induced 100-fold by TSA (Fig. 2C), while cells
grown on ECM, inwhich BCE-1 was already active, showed a less substantial, but still additive,
effect (Fig. 2D). To verify that TSA did function in mammary epithelial cells to mediate
increases in histone acetylation levels, we examined the specific histone acetylation response
in Cld-9 cells. We found that 5 h of TSA treatment was sufficient to induce histone H4
hyperacetylation (Fig. 3A), and that when individually tested, lysines 5, 8, and 12 of histone
H4 were all found to be hyperacetylated by TSA treatment (Fig. 3B; other histone subunits
were not found to be acetylated by these treatments, data not shown).

Activation of BCE-1 by TSA Treatment Does Not Require Protein Synthesis

Other studies have shown that TSA-mediated transcriptional activation can occur indirectly,
through mechanisms involving activation of intermediate genes [Zhang et al., 2001], and it
was possible that activation of BCE-1 (and/or histone acetylation) could be a secondary effect.
To test this possibility, we examined the activation of BCE-1 in the presence of the protein
synthesis inhibitor cycloheximide. We found that neither histone hyperacetylation nor
activation of BCE-1 was affected by inhibition of protein synthesis (Fig. 4).
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TSA Inhibits rBM-Mediated Transcription of Endogenous B-Casein

Incubation of mammary epithelial cells with rBM is associated with cell rounding, a
morphological reorganization that appears to be a prerequisite for expression of B-casein
[Roskelley et al., 1994]. To determine if the inhibition of B-casein expression by TSA was due
to an alteration of cell rounding processes, we used an alternative assay. When grown on poly-
HEMA, a nonadhesive substrata, mammary epithelial cells become rounded; in this state, the
cells are poised for expression of milk proteins, so that exposure to either rBM or laminin
results in the induction of B-casein in less than 24 h [Roskelley et al., 1994; Muschler et al.,
1999]. The use of this modified assay allowed us to separate the effects of rBM on
morphological reorganization and gene expression. The CID-9 cells used in Figure 1 and
previously [Schmidhauser et al., 1990,1992; Myers et al., 1998] were inappropriate for this
assay, as they produce sufficient endogenous ECM to autonomously activate the expression
of B-casein in pre-rounded cells [Pujuguet et al., 2000]. For this reason, we used Eph4 cells,
another phenotypically normal mammary epithelial cell line [Reichmann et al., 1989] that is
readily transfectable and that also expresses B-casein in the presence of rBM and Prl. When
stably transfected into Eph4 cells, BCE-1-driven reporter constructs were also activated either
by rBM and Prl or by TSA (data not shown). Exposure of pre-rounded Eph4 cells to rBM
activated transcription of the B-casein gene, as assessed by RT-PCR (Fig. 5A, lane 2). However,
simultaneous exposure to TSA blocked rBM-dependent expression of B-casein in a manner
that was both cumulative (Fig. 5A) and reversible (Fig. 5B). This effect was not due to a
generalized repression of transcription, as expression of actin was unaffected, and the tissue
plasminogen activator (tPA), an unrelated gene, was found to be induced by simultaneous
exposure to rBM and TSA. Neither was the decreased expression of the 3-casein transcript due
to excessive cell death, as assessed by an alimar blue viability assay (Fig. 5C).

Alternative BCE-1 Reporter Constructs Were Also Activated by TSA

As BCE-1 is a minimal enhancer element [Myers et al., 1998], the discrepancy between the
endogenous B-casein gene and BCE-1 could have been due to an inhibitory effect exerted by
cis-acting elements present in the endogenous gene, but absent in the minimal enhancer. To
examine this hypothesis, two reporter constructs, previously generated during the optimization
of BCE-1 [Schmidhauser et al., 1992], were stably transfected into Eph4 cells. BCE-3815
contains 3815 bp upstream of the B-casein gene, while BCE-2605 is a construct of intermediate
length. All three BCE constructs were stably transfected into Eph4 cells and found to be
activated by treatment with TSA (Fig. 6), or by growth on rBM and Prl (Schmidhauser et al.,
1992 and data not shown). These results suggest that the difference between the activation
properties of BCE-1 and the endogenous B-casein is not due to cis-acting regulatory elements
that were removed during enhancer minimization. Another possibility was that some aspect of
the CAT reporter gene was directly activated by TSA, but we found that a BCE-1-luciferase
reporter construct responded similarly to BCE-1-CAT when incubated with TSA or in the
presence of rBM and Prl (data not shown).

Overexpression of Histone Acetyltransferase Inhibits rBM-Mediated Activation of B-Casein

To test the possibility that repression of B-casein by TSA could be the consequence of activities
other than inhibition of histone deacetylase enzymes, we generated stable transfectants of Eph4
cells that constitutively expressed the p300/CBP-associating factor (p/CAF) histone
acetyltransferase [Yang et al., 1996]. Expression of p/CAF was verified by RT-PCR (Fig. 7A)
and by immunofluorescence (data not shown). Overexpression of p/CAF did not prevent rBM-
mediated cell rounding or growth arrest (data not shown), but did interfere with production of
B-casein (Fig. 7B). These results suggest that increased histone acetylation is a key event for
suppression of endogenous B-casein expression.
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rBM Induces Widespread Chromatin Deacetylation

That increased histone acetylation was antagonistic to rBM-mediated activation of B-casein,
suggested that rBM could act in the opposite fashion as TSA. When we examined this
possibility, we found that exposure of Eph4 cells to rBM led to a decrease of histone H4
acetylation. TSA treatment produced the expected opposite result, demonstrating that a full
dynamic range of histone acetylation is possible in these cells (Fig. 8). This experiment suggests
that some component of the rBM matrix leads to deacetylation of the histone H4 subunits, and
that this signal may be required for subsequent transcription of the B-casein gene. Moreover,
this is the first demonstration that signals from the ECM can have a general effect on histone
acetylation, and presumably, on chromatin structure as well.

DISCUSSION

Many investigations have probed the relationship between the activation or repression of a
single gene and changes in histone acetylation status, and we are now beginning to understand
some of the basic mechanisms by which chromatin structure regulates gene expression.
Increasingly, however, it is becoming apparent that adaptive changes in gene expression
involve simultaneous activation and repression of many genes. Now the challenge is to
characterize the mechanisms that produce these complex changes. In this work, we have used
an assay system in which normal mouse mammary epithelial cells are grown on a laminin-
containing, three-dimensional matrix in the presence of lactogenic hormones. Under these
conditions, the cells assume the properties of differentiated cells, organizing into tissue
structures and producing milk proteins. We have shown that either pharmacological inhibitors
of histone deacetylases or overexpression of a histone acetylase enzyme is sufficient to inhibit
rBM-dependent expression of the endogenous p-casein gene. These results point to a model
in which regulation of tissue-specific gene expression in differentiated cells is maintained, in
part, through control of chromatin structure and histone acetylation by information from the
microenvironment. This cell-based assay can be used for investigating the mechanisms by
which extracellular information is transduced into structural changes of chromatin.

We have provided evidence that the differential transcriptional effects of rBM and TSA on the
expression of the endogenous B-casein gene are due to differential effects on histone
acetylation. This conclusion, however, does not explain why the BCE-1 enhancer element is
activated by both conditions. It is possible that positional effects are responsible for the
difference; the B-casein locus is fixed, while the integration site of the BCE-1-reporter construct
is variable. Such positional effects have been suggested for the MMTYV promoter [Lambert and
Nordeen, 1998], another mammary epithelial cell-specific construct that has been shown to be
activated by distinct changes in chromatin architecture [Truss et al., 1995]. Characterization
of MMTYV activation has distinguished separate stages of transcription factor binding,
coactivator recruitment, and chromatin rearrangement [Sheldon et al., 1999; Belikov et al.,
2000], and investigations of MMTV promoter activation have revealed much about
mechanisms of transcriptional activation in vivo [McNally et al., 2000]. Our results with BCE-1
and the endogenous B-casein promoter suggest that a comparison of these two systems may be
useful to dissect the complex processes by which cell differentiation controls transcriptional
regulation.

We have found that exposure of mammary epithelial cells to rBM results in histone H4
deacetylation. Although a variety of pharmacological inhibitors of histone deacetylases have
been instrumental to probe the mechanisms by which histone acetylation correlates with gene
activation [Marks et al., 2000], no reagents that result in deacetylation have yet been found. If
this property of rBM applies to other cell types, then it could represent a tool that is
complementary to deacetylase inhibitors for studying the effects of chromatin structure on gene
expression.
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Pharmacological inhibitors of histone deacetylases are capable of inducing or potentiating the
differentiation of tumor cells [Minucci et al., 1997; Marks et al., 2000]; this property is so
general that it can be used as a screen to identify novel inhibitors [Jung et al., 1999].
Accordingly, these compounds have been proposed for treatment of various cancers [Hosugi
etal., 1999; Saunders et al., 1999; Butler et al., 2000]. However, recent studies have found that
the same compounds also interfere with transcriptional regulation relating to muscle- and
hematopoeitic-specific gene expression [Koipally et al., 1999; Miska et al., 1999], and also the
differentiation of normal hepatic stellate cells into myofibroblasts [Niki et al., 1999]. We now
show that inhibitors of histone deacetylases and overexpression of histone acetylase and
deacetylase also block mammary-specific gene expression.

We have previously shown that normal and malignant mammary epithelial cells respond
differently to ECM [Petersen et al., 1992], and that normalization of ECM signaling in
malignant breast cells can cause a reversion to a normal phenotype [Weaver et al., 1997; Wang
et al., 1998]. Since inhibitors of histone deacetylases also revert some tumor cells, and since,
as described here, ECM produces changes in histone acetylation to regulate normal tissue-
specific gene expression, we propose that the functional reversions mediated by normalization
of ECM signaling are mediated by changes of the patterns of histone acetylation that return
the chromatin structure to that of a normal, differentiated cell. Investigations of this hypothesis
are currently underway.
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TSA inhibits differentiation-dependent production of endogenous B-casein. CID-9 cells were
cultured in differentiation conditions for 4 days, and then the medium was supplemented with
TSA at the indicated concentrations for an additional 24 h. Cell extracts were analyzed by
Western blot and probed for B-casein. Band intensity was assessed by densitometry and

normalized to E-cadherin.
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Fig. 2.

Activation of the BCE-1-CAT reporter construct is potentiated by incubation with rBM. CID-9
mouse mammary epithelial cells stably transfected with the BCE-1-CAT construct (CID-BCE
cells) were grown in differentiation medium on plastic substrate (A, B, C) or on rBM (D) for
5 days. TSA was added to the culture medium to 165 nM either (A) for various times up to 24
h before harvest, or (B) for 10 h and then followed by culture in differentiation medium for
various times up to 24 h. For (C) and (D), TSA was added at the indicated concentrations 24
h before harvest. The fluorographs show the thin layer chromatography of the CAT assays.
The graphs indicate the integrated density of the fluorographs, expressed in relative arbitrary
units.
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Fig. 3.

TSA mediates acetylation of histone-H4 subunits in mammary epithelial cells. CID-BCE cells
were plated on plastic substratum and incubated in differentiation medium for 5 days, then
TSA was added at 165 nM for 5 h before harvest. A: Cells were assayed by Western blot for
total acetylated histone H4. B: Histone proteins were purified from cell extracts and electro-
phoresed on triton-acetic acid-urea gels; lysines 5, 8, and 12 of histone H4 were found to be
hyperacetylated. Equal amounts of extract were used on each lane of these gels, and E-cadherin
was used as a loading control. E-cad, E-cadherin.
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Fig. 4.

Neither histone acetylation nor activation of BCE-1 by TSA requires protein synthesis. A: CID-
BCE cells were cultured on plastic substrata in differentiation medium for 5 days, then treated
with 165 nM TSA and/or 0.25 ug/ml cycloheximide for an additional 24 h. B: Activation of
the BCE-1 reporter gene activation was unaffected by cycloheximide. Cells were cultured in
the presence or absence of 165 nM TSA and in the absence or presence of 0.25 to 1 pg/ml
cycloheximide, and then isolated RNA was analyzed by RT-PCR (CAT mRNA and Actin
mRNA) and protein lysates were analyzed by CAT assay (CAT activity). Ac-H4, acetylated
histone H4; CHXD, cycloheximide.
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TSA selectively inhibits transcription of B-casein. A: TSA effect is cumulative. Eph4 cells
were cultured on poly-HEMA to induce morphological change, then incubated in the presence
of Prl and the presence or absence of rBM for 24 h. Additionally, some samples (lanes 3+4)
were incubated with 80 nM TSA for the times indicated. B: TSA effect is reversible. As for
(A), except in lane 4, the cells were incubated in the presence of rBM and TSA for 24 h, then
the cells were washed and incubated with rBM for an additional 24 h. Expression of p-casein,
tissue plasminogen activator (t-PA), or actin was assessed by RT-PCR. C: Minimal cytotoxicity
was associated with poly-HEMA assay and TSA incubation, as revealed by alimar blue
exclusion assay. C, control untreated cells; V, EtOH-treated only.
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Fig. 6.

TSA activates other B-casein reporter constructs. Eph4 cells were stably transfected with either
the BCE-1-CAT construct (BCE-1) or with constructs containing the CAT gene cloned behind
the 2605 bp upstream of the bovine p-casein gene (BCE-2605) or the 3815 bp upstream of the
bovine B-casein gene (BCE-3815). Cells were cultured on plastic for 5 days in differentiation
medium and treated with TSA at 165 nM, 24 h prior to harvest and assayed for CAT activity.
The fluorograph shows the thin layer chromatography of the CAT assays. The graph indicates
the integrated density of the fluorograph, expressed in relative arbitrary units.
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Overexpression of p/CAF inhibits differentiation-dependent production of endogenous -
casein. Eph4 cells were stably transfected with constitutive expression plasmids containing the
p/CAF cDNA along with a plasmid containing a selection marker (p/CAF transfectants) or
with just the plasmid containing a selection marker (control transfectants). A: RT-PCR analysis
of RNA extracted from control (lane 1) or p/CAF (lane 2) transfectants. Lane 3 is a PCR
amplification of the p/CAF plasmid, as a size control. B: Control (lane 1, 3, 5) or p/CAF
(lane 2, 4, 6) transfectants were grown for 5 days in the absence or presence of rBM or Prl,
and whole-cell extracts were analyzed for B-casein protein expression by Western blot; E-

cadherin was used as a loading control.
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ECM induces deacetylation of histone H4 in Eph4 cells. A: rBM was added to culture medium
at the indicated concentration for 5 h prior to harvest, and equivalent amounts of cell extract
were analyzed by Western blot for acetylated histone H4. B: TSA was added to culture medium
at the indicated concentration for 5 h prior to harvest, and equivalent amounts of cell extract
were analyzed by Western blot for acetylated histone H4. E-cadherin was used as a loading
control for both experiments.
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