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Abstract
Transforming growth factor beta (TGFβ) can modulate the activity of various MAP kinases.
However, how this pathway may mediate TGFβ-induced malignant phenotypes remains elusive. We
investigated the role of autocrine TGFβ signaling through MAP kinases in the regulation of cell
survival in breast carcinoma MCF-7 cells and untransformed human mammary epithelial cells
(HMECs). Our results show that abrogation of autocrine TGFβ signaling with the expression of a
dominant negative type II TGFβ receptor (DNRII) or the treatment with a TGFβ type I receptor
inhibitor significantly increased apoptosis in MCF-7 cell, but not in HMEC. The expression of DNRII
markedly decreased activated/phosphorylated Erk, whereas increased activated/phosphorylated p38
in MCF-7 cells. In contrast, there was no or little change of phosphorylated Erk and p38 in HMECs
after the expression of DNRII. Inhibition of Erk activity in MCF-7 control cell induced apoptosis
whereas restoration of Erk activity in MCF-7 DNRII cell reduced apoptosis. Similarly, inhibition of
p38 activity also inhibited apoptosis in MCF-7 DNRII cell. Thus, autocrine TGFβ signaling can
enhance the survival of MCF-7 cells by maintaining the level of active Erk high and the level of
active p38 low. Furthermore, the survival properties of TGFβ pathway appear related to
transformation supporting the notion that it may be a potential target for cancer therapy.
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Introduction
Transforming growth factor beta (TGFβ) is a multifunctional polypeptide growth factor
regulating a variety of biological activities including cell proliferation, cell migration, cell
differentiation, immune cell behavior, and extracellular matrix remodeling [1]. TGFβ functions
by binding to a heteromeric complex of transmembrane serine/threonine kinase receptors called
type I (RI) and type II (RII) receptors [1]. Binding of TGFβ to RII recruits and
transphosphorylates RI [2]. The activated RI phosphorylates intracellular Smad2 and Smad3,
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which then interact with Smad4 protein to form an oligomeric complex [3]. Once transported
into nuclei, Smad2/Smad4 and Smad3/Smad4 complexes can act as transcriptional activator
or repressor depending on cellular context [1].

TGFβ is also known to regulate the activation of Erk, p38, and JNK mitogen-activated protein
kinase (MAPK) pathways in both Smad-dependent and Smad-independent manners [4].
Published studies have mostly focused on the effect of exogenous TGFβ-induced MAPK
activation on gene transcription [5], cell death [6,7], and epithelial-mesenchymal
transdifferentiation [8]. Few studies have addressed the regulation of MAPK pathways by
autocrine TGFβ and the effect of autocrine TGFβ-modulated MAPK activities on cell survival.

TGFβ plays complex roles in carcinogenesis. It functions as a tumor suppressor in early
epithelial carcinogenesis, but often becomes pro-oncogenic in late stages of tumor progression
[9]. Early studies have shown that TGFβ is a potent inhibitor of cell cycle in various types of
cells including epithelial cells [10]. Loss of TGFβ signaling components due to mutational
inactivation of TGFβ receptors or Smads has been reported in gastrointestinal cancers as well
as other types of carcinomas. For example, RII gene mutation occurs in both sporadic and
hereditary colon cancer cells with microsatellite instability [11]. Inactivating mutations of
Smad2 and Smad4 were reported in colorectal carcinomas and pancreatic carcinomas [12,
13]. On the other hand, restoration of autocrine TGFβ signaling in colon carcinoma cells has
been shown to inhibit their malignancy [14]. However, several studies showed that complete
inactivation of TGFβ signaling through mutations of RII or Smad proteins is rare in many types
of cancers including breast cancer [15,16]. In fact, blockade of TGFβ signaling with a dominant
negative TGFβ receptor or Smad3 has been shown to inhibit malignant phenotypes in various
mammary carcinogenesis models [17-20] suggesting that autocrine TGFβ signaling is required
for breast cancer progression and may be a potential target for cancer therapy. We have
previously shown that autocrine TGFβ contributes to the survival of human breast carcinoma
MDA-MB-231 cells revealing a potential mechanism by which autocrine TGFβ maintains the
malignancy of breast cancer cells [21].

In the current study, we used human breast cancer MCF-7 cells and telomerase-immortalized
human mammary epithelial cells (HMEC) to investigate the effect of the modulation of MAP
kinases by TGFβ on cell survival and to determine whether the survival-promoting activity of
TGFβ is commonly operational in mammary epithelial cells. The proliferation of early passage
MCF-7 cells is known to be inhibited by TGFβ. Interestingly, ectopic expression of a dominant
negative TGFβ type II receptor (DNRII) in the cell showed no effect on the tumorigenicity and
growth of the cell in vivo even though it abrogated the growth inhibitory activity of TGFβ
[22]. This is in stark contrast with what has been observed in colon carcinoma cells that are
growth-inhibited by TGFβ and became more tumorigenic when TGFβ signaling was blocked
with ectopic expression of the DNRII [23]. We found that DNRII-expressing MCF-7 cells were
significantly more apoptotic than the control cells in culture and that the increased apoptosis
was mainly due to the alteration of MAP kinase signaling pathways. Thus, the loss of cell
viability is likely to be the reason why the blockade of TGFβ-induced inhibition of cell
proliferation did not lead to increased tumorigenicity in the MCF-7 cells. Interestingly, the
survival promoting activity of TGFβ was not observed in untransformed HMECs suggesting
that it may have evolved during mammary carcinogenesis.

Materials and methods
Cell Culture

Human breast cancer MCF-7 control cell line and dominant negative RII (DNRII) transfected
cell line were kindly provided by Dr. Michael G. Brattain at Roswell Park Cancer Institute,
Buffalo, N.Y. [22] and maintained in McCoy's 5A medium with 10% fetal bovine serum (FBS),
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pyruvate, vitamins, amino acids, and antibiotics. Human mammary epithelial cells (HMECs)
were obtained from Cambrex (Maryland) and cultured in mammary epithelial cell growth
medium (MEGM) plus MEGM Bullet kit from Cambrex. HMECs were immortalized with
ectopic expression of human telomerase reverse transcriptase (hTERT) as reported [24].
Immortalized HMECs were infected with control pLPCX retrovirus vector (Clontech) or the
pLPCX vector containing the DNRII cDNA that was used to generate MCF-7 DNRII cells.
Working cultures were maintained at 37°C in a humidified incubator with 5% CO2.

Transient Transfection and Luciferase Assay
To determine the cell autocrine TGFβ activity, we measured a TGFβ-responsive promoter
activity using p3TP-Lux [25] or pSBE4-Luc[26]. The promoter activity is reported by
luciferase activity. MCF-7 cells and HMECs were plated in 12-well plates and cultured for one
day. The p3TP-Lux or pSBE4-Luc plasmid (0.5 μg) and a β-galactosidase (β- gal) expression
plasmid (0.1 μg) were transiently co-transfected into the cells using Fugene6 (Roche Molecular
Biochemicals) according to the manufacturer's instruction. After 2 hr incubation, the cells were
treated with or without TGFβ3 (2.0 ng/ml). The cells were lysed after an additional 24 hr
incubation, and the activity of luciferase and β- galactosidase were assayed as described
previously [27]. Luciferase activity was normalized to β-galactosidase activity and expressed
as relative luciferase activity.

Cell Death Detection ELISA
DNA fragmentation during apoptosis was measured using the Cell Death Detection ELISA kit
(Roche Molecular Biochemicals), which can quantify cytoplasmic histone-associated-DNA-
fragments (mono- and oligonucleosomes) during apoptosis. The assay was carried out as
previously described [21]. In some cases, cells were treated with the MEK inhibitor PD98059
or p38 MAP kinase inhibitor SB202190 (CalBiochem) prior to the ELISA as described in the
figure legends.

Annexin V-FITC Staining
Apoptosis detection kit (Caltag Laboratories) including Annexin V-FITC and propidium iodide
(PI) staining was used to identify cells at an early stage of apoptosis. The assay was performed
as previously described [21].

Western Blot and Antibodies
Cell cultures were rinsed two times with ice-cold PBS and lysed in a cell lysis buffer (50mM
Tris-HCl pH7.4, 150mM NaCl, 1%Nonidet P-40) containing protease and phosphatase
inhibitors (Boreinger Mannheim EDTA protease inhibitors, 1mM NaVO3 and 1mM NaF).
Equal amounts of protein were separated on SDS-PAGE and transferred to a nitrocellulose
membrane (Amersham Corp.). Blots were blocked in TBST [100mM Tris-HCl (PH 8.0),
150mM NaCl, 0.05% Tween-20] containing 5% non-fat powder milk. The membrane was then
incubated with primary antibody for 1 hour at room temperature or overnight at 4°C. Antibodies
used detected RII and DNRII (R&D Systems), phospho-Smad2 (Ser 465/467) (Upstate
Biotechnology), total-Smad2/3 (BD Transduction Laboratories), PTEN (Oncogene), phospho-
Erk, total-Erk, phospho-p38, total-p38 and phospho-JNK (Cell signaling Technology). After
three washes with TBST, the membrane was incubated with HRP-linked secondary antibodies
(1:3000 dilution, Santa Cruz) for 1 hr at room temperature and washed again. Bound
Complexes were detected using chemiluminescence procedures according to the
manufacturer's instruction (NEN Life Science Products).
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MEK transfection and Annexin V-FITC Staining
MCF-7 control and DNRII cells were plated at 5×105 cells per 60-mm dish and cultured for
one day. The cells were then co-transfected with a constitutively active MEK1 expression
plasmid (3.0 μg) [28] and pDsRed1-N1 (0.3 μg) (Clontech). After 48 hr incubation, the cells
were stained with Annexin-V-FITC and apoptotic cells that expressed the red fluorescent
protein were analyzed with a flow cytometer.

Statistical analysis
Student t-tests were used to determine a significant difference between control and
experimental data and one-way ANOVA was used followed with Newman-Keuls Multiple
Comparison Test for the comparison of more than two means [29].

Results
Expression of DNRII attenuates TGFβ signaling in both MCF-7 and immortalized HMEC cells

To confirm the expression of DNRII protein after MCF-7 and HMEC cells were stably
transfected with a DNRII expression construct, we performed Western blotting analysis to
show the expression of DNRII (Fig. 1A). Since MCF-7 cells were transfected with a
tetracycline-suppressible DNRII expression system, treatment with tetracycline almost
completely blocked DNRII expression as shown in Fig. 1A. We previously showed that
autocrine TGFβ loop in MCF-7 cells was operational and that DNRII expression significantly
attenuated its activity [30]. Consistent with these observations, stable expression of the DNRII
in the MCF-7 and HMEC cells reduced the basal levels of phosphorylated Smad2 and blocked
TGFβ induction of Smad2 phosphorylation without affecting total Smad2 and 3 levels (Fig.
1B). The blockade of Smad phosphorylation also led to the inhibition of the transcriptional
activity of Smad proteins as reported by the TGFβ-responsive promoter-luciferase construct,
p3TP-Lux or pSBE4-Luc. The DNRII-transfected MCF-7 and HMEC cells had a significantly
(P<0.05) lower basal as well as TGFβ-induced promoter activity than the control cells (Fig.
1C). Thus, the expression of DNRII antagonized both exogenous and endogenous/autocrine
TGFβ activity in both MCF-7 and immortalized HMEC cells.

Abrogation of autocrine TGFβ signaling induces apoptosis in MCF-7 cells but not in
immortalized HMEC cells

Previous studies showed that the expression of DNRII had no effect on the tumorigenicity of
the MCF-7 cells in vivo [22]. The result was somewhat unexpected since the proliferation of
the MCF-7 cells was inhibited by exogenous TGFβ [22] and ectopic expression of the wild-
type RII in a late passage MCF-7 cell line with a low RII level reduced its tumorigenic potential
in vivo [31]. To explain the apparent paradox, we examined the effect of DNRII expression
on apoptosis in MCF-7 cells. As shown in Fig. 2A, DNRII expression induced apoptosis in
MCF-7 cells by about 3-fold as detected with an apoptosis ELISA. Since the DNRII is
expressed in a tetracycline-repressible expression system, we treated the control and DNRII
cells with tetracycline to determine whether the inhibition of DNRII expression could restore
cell viability. The treatment with tetracycline for 4 days caused a moderate, although not
statistically significant, increase of apoptosis in both cells. In contrast, it significantly (P<0.05)
inhibited the apoptosis in the DNRII cells to the level of the control cell indicating that the
increased apoptosis in the DNRII cells was specifically due to the expression of DNRII (Fig.
2A). Interestingly, the expression of the DNRII in the immortalized HMECs did not induce
apoptosis (Fig. 2A). Annexin V staining for apoptotic cells also produced similar results. The
percentage of apoptotic MCF-7 control and DNRII cells was 3.50% and 12.04%, respectively
(Fig. 2B). In contrast, the percentage of apoptotic HMEC control and DNRII cells was not very
different, being 2.30% and 1.89% respectively (Fig. 2B). To ascertain that the apoptosis
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induced by the DNRII expression in MCF-7 was due to the attenuation of autocrine TGFβ
signaling, we also investigated whether the apoptosis in MCF-7 cells could be induced with a
TGFβ RI kinase inhibitor, which we have previously shown to specifically inhibit TGFβ
signaling [32]. As shown in Fig. 2C, the treatment with RI kinase inhibitor produced a dose-
dependent apoptosis in MCF-7 cells, but not in HMECs. These results indicate that blockade
of autocrine TGFβ signaling can induce apoptosis in human breast cancer MCF-7 cells, but
not in the untransformed human mammary epithelial cells.

Alteration of MAP kinase pathways by the expression of DNRII in MCF-7 cells
TGFβ has been shown to activate various MAP kinase pathways including Erk, p38, and JNK
pathways [33]. These pathways are known to regulate cell survival. In general, activation of
Erk pathway is associated with cell survival, whereas activation of p38 and JNK can lead to
cell death [34]. To elucidate the molecular mechanism of apoptosis induced by the blockade
of autocrine TGFβ signaling, we examined the effect of DNRII expression on phosphorylation-
associated activation of the three MAP kinases. As shown in Fig. 3A, the level of the
phosphorylated Erk (p-Erk) was dramatically reduced whereas that of the phosphorylated p-38
(p-p38) was dramatically increased in MCF-7 DNRII cells in comparison to the control cells.
This modulation of the phosphorylation of Erk and p38 was specifically due to the blockade
of autocrine TGFβ signaling by the expression of DNRII because inhibition of DNRII
expression with the treatment of tetracycline reversed the altered phosphorylation status of
both Erk and p38. In contrast, the level of p-Erk was not changed and that of p-p38 was only
moderated increased after stable expression of DNRII in HMECs (Fig. 3B). Although we
observed a moderately lower levels of phosphorylated JNK1 and 2 in MCF-7 DNRII cells than
in the control cells, the treatment with tetracycline did not increase the phosphorylation of
JNK1 and 2 (Fig. 3A) suggesting that DNRII-induced apoptosis of MCF-7 cells was not
mediated by JNK activation. PTEN is known to inhibit Akt phosphorylation and consequently
promotes apoptosis in various cell systems. Its transcription was shown to be inhibited by
TGFβ in human keratinocytes [35]. We have previously shown that autocrine TGFβ promotes
the survival of human breast carcinoma MDA-MB-231 cells by suppressing PTEN expression
[21]. Interestingly, blockade of autocrine TGFβ signaling did not affect PTEN in MCF-7 cells
(Fig. 3A). Furthermore, the expression of DNRII showed little effect on the level of
phosphorylated Akt. Thus, the apoptosis induced by the blockade of autocrine TGFβ signaling
was apparently not mediated by PTEN/Akt pathway. We, therefore, focused our attention on
Erk and p38 pathways.

Erk activity is necessary for the survival of MCF-7 cells
To determine whether the reduction of p-Erk level was sufficient to induce apoptosis in MCF-7
cells, we treated the cells with PD98059 compound (Calbiochem) to specifically inhibit the
activity of the Erk activator, MEK. As shown in Fig. 4A, the treatment with PD98059 blocked
Erk phosphorylation. It also induced apoptosis in MCF-7 cells in a dose dependent manner
(Fig. 4B). On the other hand, transient ectopic expression of a constitutively active MEK1
significantly increased the levels of p-Erk in MCF-7 control cells and restored the level of p-
Erk in MCF-7 DNRII to that of the control cells (Fig. 5A). As a result, the percentage of
apoptotic MCF-7 DNRII cells was significantly reduced after the transfection of the
constitutively active MEK1 in comparison with the mock transfection (Fig. 5B). These data
suggest that autocrine TGFβ signaling can enhance the survival of the MCF-7 cell by
maintaining a high level of Erk signaling.

Inhibition of p38 activity inhibits apoptosis in MCF-7 DNRII cells
Since the activation of p38 pathway is generally pro-apoptotic and the expression of DNRII in
MCF-7 cells caused a dramatic increase of p-p38 level (Fig. 3A), we next examined whether
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inhibition of p38 activity could inhibit the apoptosis in MCF-7 DNRII cells. Treatment with a
p38 inhibitor, SB202190 (Calbiochem), reduced the levels of p-p38 (Fig. 6A) and inhibited
the apoptosis (Fig. 6B) in a dose-dependent manner in MCF-7 DNRII cells. Thus, autocrine
TGFβ signaling appears to promote MCF-7 cell survival by increasing Erk activity as well as
by decreasing p38 activity.

Discussion
Although loss of or reduced TGFβ growth inhibitory activity is common in many types of
cancers including carcinomas, melanomas, lymphoid and myeloid malignancies, this is
apparently due to the attenuation of TGFβ-mediated anti-mitogenic activity in many cases
[9,36]. Genetic studies have shown that mutational inactivation of TGFβ signaling components
is restricted to certain subsets of cancer. For example, Smad4 is frequently mutated or deleted
in colon and pancreatic tumors, but not in other tumor types [37]. In breast cancer, mutations
of TGFβ RII and Smad4 genes are uncommon [15,16]. Thus, TGFβ pathway appears to be
necessary for tumorigenesis and tumor progression in various types of malignancy. Indeed,
disruption of autocrine TGFβ signaling with the expression of a TGFβ DNRII in transformed
mammary and colon epithelial cells significantly inhibited their invasive and metastatic
potential [17,19]. Highly aggressive and metastatic U9 colon cancer cells were shown to use
autocrine TGFβ1 to promote their growth and invasion [38].

While TGFβ in a tumor microenvironment is well known to act on various stromal cells to
inhibit host immunosurveillance and promote angiogenesis and invasion, how TGFβ signaling
in tumor cells to promote tumor progression is less well defined. One mechanism by which
TGFβ may directly enhance the motility and invasiveness of tumor cells is through the
induction of epithelial-to-mesenchymal transdifferentiation [39,40]. TGFβ is also known to
stimulate the expression of various pro-oncogenic gene products. For example, TGFβ-induced
parathyroid hormone-related protein and bone sialoprotein in mammary carcinoma cell line
has been shown to promote their metastasis [41,42]. In the current study, we describe yet
another mechanism by which autocrine TGFβ can enhance the malignant properties of tumor
cells. Our study showed that abrogation of autocrine TGFβ signaling by the expression of a
DNRII can induce the apoptosis in human breast cancer MCF-7 cells suggesting that TGFβ
signaling might have evolved during the progression to support cell survival in this tumor
model system.

MAPKs are serine-threonine protein kinases that are activated by diverse stimuli including
cytokines, growth factors, neurotransmitters, hormones, cellular stress, and cell adherence. The
three major MAPK family members are the extracellular signal-regulated kinases (Erks), p38,
and c-Jun N-terminal kinases (JNKs) [43]. MAPKs have been shown to play a central role in
mediating a diverse array of cellular signals. Activation of MAPK can exert anti- or pro-
apoptotic effect that is important in the regulation of tumorigenesis and tumor progression.
TGFβ has been shown to activate all three MAPK pathways in various cell types [33,44].
However, the activation of MAPKs was shown by the treatment with exogenous TGFβ during
a relatively short period of time in the majority of published reports. Little is known on how
steady-state autocrine TGFβ signaling or the loss of it affects the activity of the MAPKs and
consequently cell survival. In our study, blockade of autocrine TGFβ signaling with the
expression of the DNRII was found to down-regulate the level of active Erk, but up-regulate
the level of active p38 in MCF-7 cells. Restoration of Erk activity by the ectopic expression
of a constitutively active MEK1, an activator of Erk, in the MCF-7 DNRII cell significantly
inhibited apoptosis, whereas inhibition of Erk activation by a MEK inhibitor induced apoptosis
in a dose dependent manner in MCF-7 cells. On the other hand, inhibition of p38 activity by
SB202190 also partially reversed the apoptosis in MCF-7 DNRII cells. Since MCF-7 mainly
produces active TGFβ1 [27], our data indicate that the steady-state autocrine TGFβ1 signaling
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can enhance the survival of the MCF-7 cells by enhancing the signaling through the anti-
apoptotic Erk pathway while suppressing the signaling through the proapoptotic p38 pathway.
Since exogenous TGFβ can activate MAPKs via a Smad-independent pathway [44], it will be
interesting to investigate whether the regulation of Erk and p38 activation by the autocrine
TGFβ in the MCF-7 cell is also through a Smad-independent pathway in future studies.

In addition to the MAPK pathways, TGFβ has been shown to also stimulate the activity of
PI3K/Akt pathway, which is required for the TGFβ-induced epithelial-tomesenchymal
transdifferentiation [45]. Furthermore, treatment with exogenous TGFβ was shown to protect
serum starvation-induced apoptosis through an Akt-dependent pathway [46]. We have
previously reported that autocrine TGFβ can promote the survival of human breast cancer
MDA-MB-231 cells by inhibiting the expression of PTEN, which antagonizes the activity of
PI3K/Akt pathway [21]. Interestingly, this TGFβ-induced survival mechanism was not
observed in MCF-7 cells since the abrogation of autocrine TGFβ signaling did not affect PTEN
level (Fig. 3). Thus, while autocrine TGFβ signaling can promote the survival of various cancer
cells, the molecular pathways that mediate its survival signal can differ among the model
systems.

Autocrine TGFβ is known to suppress tumorigenesis and tumor progression in normal and
early transformed epithelial cells by inhibiting cell division. Although exogenous TGFβ,
usually at higher concentrations than what is required to inhibit cell division, has been shown
to induce apoptosis in untransformed and transformed epithelial cells, little is known on how
autocrine TGFβ may affect the survival of untransformed epithelial cells. Therefore, we
investigated the effect of abrogation of autocrine TGFβ signaling on cell survival and MAPK
activation in a telomerase-immortalized HMEC line. The results presented in this report show
that HMECs possess an operational autocrine TGFβ pathway. However, blockade of the
autocrine TGFβ signaling showed little effect on cell apoptosis, which is consistent with our
observation that the abrogation of autocrine TGFβ signaling did not significantly alter MAPK
activation in this model system. Thus, the survival promoting activity of autocrine TGFβ
appears to be acquired during carcinogenesis. Currently, the molecular mechanisms by which
TGFβ regulates MAPK activation are not well understood. Therefore, further studies are
needed to elucidate the molecular pathways that are altered during carcinogenesis causing
autocrine TGFβ to promote cell survival by modulating MAPK activation. Although our
previous study has shown that TGFβ signaling in estrogen receptor negative breast cancer
MDAMB-231 cells supported their survival [21], further studies are also needed to investigate
whether the expression of estrogen receptor in MCF-7 cells, but not in HMECs, also contributes
to the regulation of apoptosis by TGFβ. Nonetheless, our study suggests that TGFβ pathway
may be targeted for the induction of apoptosis in breast cancer cells.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Blockade of TGFβ signaling in MCF-7 and HMEC cells by the expression of a TGFβ
DNRII. (A) The expression of DNRII was detected with Western blotting using the lysate of
control (C) and DNRII-transfected cells. Since the MCF-7 cells were transfected with a
tetracycline (Tet)-suppressible DNRII expression system, they were treated with or without
Tet at 1 μg/ml for 5 days before harvested for the Western blotting analysis. GAPDH was
blotted to indicate equal sample loading. (B) Exponentially growing cultures of the control and
DNRII-transfected MCF-7 and HMEC cells were treated with 2.0 ng/ml of TGFβ3 for 24 h.
Cell lysates were collected afterward and Western Blotting was performed for phosphorylated
Smad2 (P-Smad2) and total Smad2/3 (T-Smad2/3) as described in Materials and Methods. (C)
Control and DNRII-transfected MCF-7 and HMEC cells were transiently co-transfected with
a TGFβ-responsive promoter-luciferase construct (p3TP-Lux for MCF-7 cells or pSBE4-Luc
for HMECs) and a β-gal expression construct. The transfected cells were treated with or without
2.0 ng/ml of TGFβ3. The activity of luciferase and β-gal in the cell lysates was measured 24h
later. The β-gal-normalized luciferase activity (RLU) was plotted. The data represent the means
± SEM from triplicate transfections.
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Fig 2.
Effect of the blockade of autocrine TGFβ signaling on cell apoptosis. (A) MCF-7 control
and DNRII cells were plated in 100-mm dishes at 500,000 cells per dish. Cells were treated
with or without tetracycline (0.5 μg/ml), two days after plating, for the indicated time period.
HMEC control or DNRII cells were plated at 250,000 cells per 60 mm dish and cultured for 7
days. Apoptosis was measured with Cell Death Detection ELISA using 30,000 cells from each
well per manufacturer's instructions. The results plotted represent the means ± SEM from
triplicate wells. The treatment with an asterisk “*” denotes a significant (P<0.05) difference
from other treatments with one-way ANOVA followed with Newman-Keuls Multiple
Comparison Test. (B) The control and DNRII cells of MCF-7 and HMEC were cultured in
T-25 flasks and harvested at exponential growth phase. The cells were detached with a trypsin
solution and stained with Annexin V-FITC and propidium iodide. The stained cells were
analyzed with a flow cytometer. Percentage of apoptotic cells with positive staining by Annexin
V-FITC and negative staining by PI is plotted. (C) Parental MCF-7 were plated at 0.5×106

cells per 60-mm dish in McCoy's 5A medium with 1% FBS. hTERT-immortalized HMEC
cells were plated at 0.2×106 cells per 60-mm dish in the serum-free MEGM medium. The cells
were treated with various concentrations of a TGFβ kinase inhibitor (Calbiochem) for 5 days
after plating. The cells were then harvested for the apoptosis ELISA and the results plotted
represent the means ± SEM from triplicate wells.

Lei et al. Page 12

Exp Cell Res. Author manuscript; available in PMC 2008 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 3.
Effect of the blockade of autocrine TGFβ signaling by DNRII expression on the activation
of MAP kinases and the level of PTEN. (A) MCF-7 control (C) and DNRII cells were treated
with or without tetracycline at 1 μg/ml for 3-4 days and harvested at exponential growth phase
for Western blotting as described in the Material and Methods. (B) Exponential growing HMEC
control (C) and DNRII cells were harvested and Western blotting was performed as described
in the Material and Methods. The phosphorylated MAP kinases are labeled with “p-“, whereas
total MAP kinases are labeled with “T-“.
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Fig 4.
Induction of apoptosis in MCF-7 cells by the inhibition of Erk activity with PD98059
compound. (A) MCF-7 control cells were cultured in 60mm dishes until they were 80%
confluent. The cells were treated without or with PD98059 at 40 μM for 24 hours. Cells were
then harvested for Western blotting for phosphorylated Erk (p-Erk) and total Erk (T-Erk) as
described in the Material and Methods. (B) MCF-7 control cells were cultured and treated with
PD98059 at different concentrations in the same way as in panel A. Cell apoptosis was
measured using Cell Death Detection ELISA. The results plotted represent the means ± SEM
from triplicate measurements.
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Fig 5.
Inhibition of DNRII-induced apoptosis by the activation of Erk in MCF-7 cells. MCF-7
control and DNRII cells were plated at 500,000 cells per 60mm dish and cultured for 24 hr.
The cells were co-transfected with a constitutively active MEK1 (MEK1*) expression plasmid
and a red fluorescent protein expression vector pDsRed1-N1 (Clontech). After 48 hr, the cells
were stained with Annexin V-FITC and the apoptotic cells stained with Annexin V-FITC and
also expressing the red fluorescent protein were counted with a flow cytometer. The results
plotted in Panel B represent the means ± SEM from three independent transfections. The cells
recovered from flowcytometry were used for Western blotting for p-Erk and T-Erk as shown
in Panel A.
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Fig 6.
Inhibition of p38 activity by SB202190 suppresses the apoptosis in MCF-7 DNRII cells.
(A) Exponential growing MCF-7 control and DNRII cells were treated with or without
SB202190 at concentrations depicted for 24 hours. The cells were then harvested for Western
blotting for phosphorylated and total p38 as described in the Material and Methods. (B) MCF-7
cells were cultured and treated in the same way as described in panel A. Cell apoptosis was
measured using Cell Death Detection ELISA. The results plotted represent the average of two
measurements with the error bars depicting the minimal and maximal values of the two
measurements.
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