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Abstract

Se-allylselenocysteine (ASC) has been shown to inhibit mammary carcinogenesis it vivo and cell growth in vitro. However,
little is known about the molecular events that account for these effects. The goal of the present. study was to use a mouse
hyperplastic mammary epithelial cell line, TM12, to investigate the underlying mechanism(s) associated with ASC regulation
of cell proliferation and apoptosis. Cells were treated with 50 M ASC and assessed after 3, 6 and 12 h of exposure. A
significant inhibition of cell proliferation, as measured by BrdU incorporation into DNA, was observed within 3 h of ASC
treatment. This inhibitory effect was slightly magnified at the later time points. The induction of apoptosis was also rapid, and
progressed from a 1.3-fold increase at 3 h to a 4:4-fold increase at 12 h. Consistent with these cellular events, the levels of
phosphorylated Rb protein were greatly reduced at all times points. The other accompanying changes included increases in P53,
P21 and P27. Collectively, the results demonstrate for the first time that ASC is able to cause an immediate response in the

expression. of cell cycle regulatory proteins that favor an atrest in proliferation and an augmentation in apoptosis. © 2001

Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Many selenium compounds have -been shown to
inhibit and/or retard cell growth in vitro and tumori-
genesis in a variety of experimental animal models in
vivo, and a number of mechanisms have been impli-
cated in accounting for these effects [1-5]. Of the
selenium compounds studied to date, .one that shows
particular promise is Se-allylselenocysteine (ASC).
ASC is an amino acid prodrug that undergoes clea-
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vage at the beta position by cysteine conjugate beta
lyase and related enzymes [6]. This compound was
developed as an extension of our earlier work [7];
our goal was to determine if improved cancer inhibi-
tory activity could be achieved by varying the alipha-
tic side chain in ASC derivatives.-In the initial report
of its effect, ASC at 2 ppm Se in the diet, caused an
86% inhibition in a chemically induced mammary
tumor model in rats [8]. This magnitude of cancer
protection was significantly greater than that observed
with other selenium compounds at the same dose
level. Studies of the biological effects of ASC are
limited, although we have recently reported that
ASC inhibits cell growth in vitro and induces apopto-
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sis in mammary epithelial cell lines that have either
wild-type or mutant P53 activity [9]. It is the potential
of ASC as a new chemopreventive agent, and the lack
of understanding of its biological effects, that
provided the impetus for the work described here.

The goal of these experiments was to investigate
the molecular responses to ASC that regulate the
processes of cell proliferation and apoptosis. To do
this, we elected to study the effects of ASC in a hyper-
plastic mammary epithelial cell line (TM12) since
selenium has been reported to inhibit the progression
of mammary hyperplasias in vivo [10]. This cell line
has been shown to be responsive to selenium and has a
wild type P53 gene, which we considered important
given our interest in factors affecting both cell cycle
progression and apoptosis. Based on our previous
work {11,12] as well as that of Medina and co-workers
[13-15] wusing other selenium compounds, we
hypothesized that ASC would exert an acute effect
in vitro by reducing the rate of cell proliferation and
increasing the rate of apoptosis. This hypothesis was
tested by examining BrdU incorporation into DNA
and apoptotic DNA fragmentation at 3, 6 and 12 h
following exposure to ASC. In additional companion
studies, the time-dependent effects of ASC on the
expression of proteins involved in cell cycle regula-
tion and apoptosis were then investigated.

2. Materials and methods
2.1. Chemicals

The following materials were purchased from
commercial sources: Dulbecco’s modified Eagle’s
medium and F-12 medium (Sigma, St. Louis, MO),
adult bovine serum (Gemini Bioproducts, Calabasas,
CA), insulin and epidermal growth factor (Intergen,
Purchase, NY), gentamicin reagent solution (Gibco
BRL, Grand Istand, NY), Cell Proliferation Assay
Kit (Oncogene Research Products, Cambridge, MA),
Triton  X-100 - (Sigma, St. -Louis, MO), OliGreen
(Molecular Probes, BEugene, OR), agarose  (Gibco
BRL, Grand Island, NY). Anti-P53 and anti-Cip/P21
antibodies; rabbit anti-mouse immunoglobulin- and
goat anti-rabbit immunoglobulin-horseradish peroxi-
dase-conjugated secondary antibodies, and anti-
mouse beta-actin, (used as a lane-loading - control),

were purchased from Santa Cruz Corp. (Santa Cruz,
CA). Anti-Kip1/P27, anti-cyclin D1 and anti-CDK4
antibodies were from Neomarkers, Inc. (Fremont,
CA). Anti-Rb antibody was from PharMingen/Trans-
duction  Laboratories (San Diego, CA). The ECL
detection system was from Amersham Corp. (Arling-
ton Heights, IL). The p,L form of ASC was synthe-
sized from p,L-selenocystine as described previously

[8].
2.2. Cell culture

The mouse mammary hyperplastic epithelial cell
line TM12 was obtained from the laboratory of Daniel
Medina [10,16]. Cells were grown at 37°C in a humi-
dified incubator containing 5% CO, in Dulbecco’s
modified Eagle’s medium and F-12 medium (1:1
DMEMY/F-12) containing 2% adult bovine serum,
10 pg/ml insulin, 5 ng/ml epidermal growth factor,
and 5 pg/ml gentamicin. Selenium content of
complete medium was 6 X 10™% M which is consid-
ered adequate for supporting the growth of cells in
culture [17].

2.3. Cell proliferation analysis by BrdU labeling

Briefly, 96-well plates were seeded at uniform
density; 24 h after plating, cells were exposed to
ASC at 50 pM of Se for 3, 6 and 12 h. Cells were
labeled with BrdU during the last 3-h of exposure.
The cells were fixed and incorporation of BrdU was
detected by immunoreaction using mouse anti-BrdU
antibody and goat anti-mouse IgG horseradish perox-
idase conjugate. After substrate solution was added to
each well, the amount of BrdU incorporated was deter-
mined by measuring absorbance at dual wavelengths
450-540 nm using a spectrophotometric Thermo,,,
Microplate Reader (Molecular Devices, Sunyvale,
CA).

2.4.. Apoptosis counting

TMI12 cells were cultured in 12-well plates and
exposed to ASC at 50 pM of Se for 3, 6 and 12 h.
Cells undergoing apoptosis in this system generally
detach from the culture dish. Therefore, apoptosis
was assessed by harvesting all cells, both floating
and attached. Apoptosis was determined morphologi-
cally by fluorescent microscopy after labeling with



W. Jiang et al. / Cancer Letters 162 (2001 ) 167173 169

acridine orange and ethidium bromide as described by
Duke and Cohen [18].

2.5. Expression of cell cycle regulatory molecules by
western blotting

In assessing the expression of cell cycle regulatory
molecules, only attached cells were studied. TM12
cells-were cultured in DMEM/F12 medium  with 5
ng/ml EGF, 10 pg/ml insulin, 2% adult bovine serum
and 5 p.g/ml gentamycin under standard culture condi-
tions. Cultures reaching 70-80% confluency were trea-
ted with 50 uM ASC for 3, 6. and 12 h. The medium was
aspirated at the end of these treatments, and the mono-
layer of cells was quickly washed two times with cold
PBS. A 0.3 ml aliquot of lysis buffer (10 mM Tris~HCl,
pH7.4,150 mM NaCl, 1% Triton X-100, I mM EDTA,,
1 mM EGTA, 0.2 mM sodium vanadate, 0.2 mM
phenylmethylsulfonyl fluoride, 0.5% NP-40, and
0.2 U/ml aprotonin) was then added per plate. After
bathing in lysis buffer for 15 min on ice, the cells were
scraped from the plate, the mixture of buffer and cells
was transferred to microfuge tubes and left in ice foran
additional 15 min. The lysate was collected by centri-
fugation for 15 min in a table top centrifuge at 4°C, and
protein concentration in the clear supernant was deter-
mined by the Bio-Rad protein assay (Hercules, CA).
For Western blotting of cell cycle regulatory mole-
cules, 40-100 ng of protein lysate per sample was
denatured with SDS-PAGE sample buffer (63 mM
Tris-HCI, pH 6.8, 10% glycerol, 2% SDS, 0.0025%
bromophenol blue, and 5% 2-mercaptoenthanal),
subjected to SDS-PAGE on 8 or 12% gel, and the
protein bands blotted onto a membrane. Total protein
levels of P53, Cip1/P21, Kip1/P27, cyclin D1, CDK4,
and Rb were determined using specific primary anti-
body, followed by treatment with the appropriate
peroxidase-conjugated secondary antibody and visua-
lized by the ECL detection system. Signals were quan-
titated by ‘scanning the film with ScanJet (Hewlett
Packard, Palo Alto, CA), and the intensity of the
bands was analyzed using the ‘Image-Pro Plus’ soft-
ware (Media- Cybernetics, Silver Spring, MD). To
ensure that control cells (not exposed to ASC) gave
reproducible baseline protein levels, we carefully
maintained cell cultures in a semi-confluent and loga-
rithmically growing state. Multiple controls at varying

densities yielded similar protein signals (data not
shown).

2.6. Statistical Analyses

Differences in cell proliferation and apoptotic cell
death in response to ASC treatment were evaluated by
analysis of variance (ANOVA) [19]. Post hoc compar-
isons among treatment conditions were made using
the Bonferroni multiple-range test [19].

3. Results

Our previous work showed that ASC reduced, in a
dose (25-200 M) and time (2472 h) dependent
manner, the number of adherent cells in culture [9].
However, we did not determine the relative contribu-
tion of cell proliferation versus apoptosis to this
outcome. Moreover, we did not assess the acute effect
of ASC at time points earlier than 24 h. To investigate
these questions more thoroughly, TM12 cells were
exposed to only one concentration of ASC at 50 pM
and the responses were examined. after 3,60r12h.
This dose was chosen because it did not induce necro-
sis, and its effect on cell number was gradual and
progressive. The effects of ASC on cell proliferation
and apoptotic cell death are shown in Table 1. During
the time frame of the experiment, the semi-confluent,
logarithmically growing cultures of both untreated
and ASC-treated cells incorporated BrdU; however,

Table 1
Effects of ASC on cell proliferation and apoptotic cell death®

Cell proliferation Apoptotic cell death

Absorbance %

Control ASC Control ASC

3h 016%001* 012+001° 62+05°* 78+03°
6h - 025+001" 0142001° 53+05* 117206"
12h 047 £0.03° 029+001° 57+03° 248+20°

* TMI12 cells were exposed to:50 M ASC. All experiments were
repeated three times. In each experiment, eight replicates. for cell
proliferation or six replicates for apoptotic cell death at each time
point were analyzed. The résults of a representative experiment are
presented. Data are ‘expressed as mean £ SE. The data were
analyzed :by analysis of -variance between control and treated
cultures at each time point. Values with different superscripts are
statistically different, P:<<'0.05.
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exposure of TM12 cells to 50 uM ASC significantly
suppressed the rate of BrdU incorporation, and by
implication the rate of cell proliferation, as early as
3 h of treatment (77% of untreated control; P < 0.05).
The inhibitory effect appeared to plateau by 6 h (58%
of untreated control, P < 0.01), and remained stable at
this diminished. level after 12 h (62% of untreated
control, P <0.01). ASC treatment also induced an
elevation of apoptotic cell death at all three time
points. In untreated cells, the basal level of apoptosis
was approximately 6%. The proportion of apoptotic
cells increased slightly by 1.3-fold (P < 0.05) within
3 h, and continued to escalate by 2.2-fold (P < 0.0
and 4.4-fold (P < 0.01) after 6 and 12 h of ASC expo-
sure, respectively. Thus, it appears that ASC
decreased cell proliferation as well as increased apop-
totsis; however, the magnitude of the effect on apop-

Control 3h 6h 12h

p21

p27

Cyclin D1

 CDK4

Beta-actin

Fig. 1. Digital images of Western blot analyses of cell cycle regu-
latory proteins in untreated TM12 cells or cells treated with 50 M
Se-allylselenocysteine (ASC) for 3, 6, or 12 h. Beta actin was used
as an indicator for control of lane loading. These data are represen-
tative of three separate determinations. See Table 2 for quantitative
determinations of protein level changes. ppRb, phosphorylated reti-
noblastoma.

tosis was comparatively greater than the effect on
proliferation.

We next evaluated the expression of the phosphory-
lated Rb protein since we had reason to believe that
ASC might arrest cell cycle progression at the G1-S
checkpoint based on data from other related selenium
compounds [13~15]. A significant reduction in the
amount of phosphorylated Rb protein was seen at all
time points in ASC treated cultures, although the
decrease was especially marked in the 6- and 12-h
cultures (Fig. 1 and Table 2). The decrease in phos-
phorylated Rb protein was consistent with the reduced
levels of BrdU incorporation reported in Table 1.

Since a loss of DNA integrity on exposure of cells
to- ASC for longer periods of time has been reported,
we-next investigated the effects of ASC on cellular
levels of P53 and the CKI that it regulates, P21. As
shown in Fig. 1 and Table 2, the decrease in Rb phos-
phorylation status was accompanied by an increase in
wild-type P53, which began at 3 h (1.5-fold) and
plateaved between 6 and 12 h (2.4-fold). Similar to
P53, the increase in P21 also peaked at 12 h (3.8-fold).
We note that caution is warranted in attributing biolo-
gical significance to changes in protein levels of less
than 2-fold as determined by Western analysis;
however, the fact that the levels of both proteins
increased, and that the increase in P53 preceded the
increase in P21, strengthen the likelihood that the
detected changes reflect cellular responses to ASC.

Cellular levels of another CKI, P27, are thought to
reflect whether cellular conditions are favorable for
proliferation [20], and levels of this protein have
been reported to be elevated in vivo by other selenium

Table 2
Relative. changes in cell cycle regulatory protein expression in
TMI12 cells treated with ASC*

3h 6h 12h
PpRb 0.13 £ 0:.02 0.04 = 0.01 0.05 £ 0.01
CDK4 0.29 £ 0.04 0.19 +'0.04 052+ 0.01
Cyclin D1 0.93.+0.14 1.03 +:0.14 1.70 £ 0.18
P53 1.53£0.33 2.30 £0.83 243 £ 040
P21 0.88 = 0.12 1.90 + 0.09 3.83 £ 0.12
P27 526 £ 0355 491 + 0.81 277+ 071

* Cells were exposed to 50 WM ASC. The results are expressed as
fold change relative to the basal value from untreated control. Data

‘from three separate experiments were quantified and are presented

as mean * SE. PpRb, phosphorylated retinoblastoma.



