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Abstract
Approximately 40% of human breast cancer show increased
TPL2 expression mainly due to TPL2 gene amplification. In this study,
we assessed the effects of a small-molecule chemical inhibitor of
TPL2 and a previously known natural compound inhibitor of TPL2,
luteolin, on breast cancer cell growth. For this purpose, cell growth
of two commonly used and well-characterized breast cancer cell
lines, MCF7 and MDA-MB-231, was measured by MTT assay with
inhibitor treatments. In addition, the effects of the treatments on
TPL2 downstream signaling pathways were analyzed by western blot.
MCF7 cells were more sensitive to the treatment of either the smallmolecule TPL2 inhibitor or luteolin than MDA-MB-231 cells. Despite
inhibition of the cell growth of MCF7 cells with luteolin treatment,
we could not detect any inhibition of TPL2 downstream signaling
pathways. These results suggest that MCF7 cells are dependent
on TPL2 kinase activity for their cell growth. In addition, luteolinmediated MCF7 cell growth inhibition may be not a result of the direct
inhibition of TPL2 kinase activity.
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Introduction

Breast cancer is the most common cancer in women
worldwide. About 1 out of 8 women will develop breast cancer
during their lifetime in the United

States alone and approximately 3 million breast cancer
survivors have gone through treatment [1]. Despite its
significance, breast cancer research has been greatly hampered
by the highly heterogeneous presentation of human breast cancer
with at least 17 distinctive histological subtypes by the WHO
classification [2]. Each subtype has unique clinopathological
characteristics. Accumulating evidence indicates that breast
cancer heterogeneity results from a population of cancer stem
cell [3].
Intensive research have identified many genetic alterations
associated with breast cancer, including the inherited germline
mutations in BRCA1 and BRCA2 genes [4, 5] and the acquired
somatic mutations or gene copy number amplification in
the HER2/neu gene [6]. In addition, over expression of the
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tumor progression locus 2 (TPL2) gene at the mRNA level was
also detected in approximately 40% of human breast cancer
specimens [7].

TPL2, also known as mitogen-activated protein kinase 8
(MAP3K8) and cancer Osaka thyroid (Cot), is a serine/threonine
kinase, that activates its downstream signaling pathways ERK,
JNK, p38, and NF-κB in both stimulus- and cell type-specific
manners [8]. Functionally, TPL2 is mainly associated with
immune responses and tumorigenesis [8, 9]. Notably, TPL2
appears to have a dual role in tumorigenesis, functioning either
as a tumor suppressor or as a tumor promoter in a tumor-type
specific manner. In breast cancer, several studies indicate that
TPL2 promotes tumorigenesis through distinct underlying
molecular mechanisms [10-12].
Based on the role of TPL2 as a tumor promoter in breast
cancer tumorigenesis, we assessed the effects of TPL2 inhibitors
on the cell growth of two human breast cancer cell lines, MCF7
and MDA-MB-231. We also included luteolin, a type of flavonoid
that is known to be a natural inhibitor of TPL2.
Here, we show that MCF7 cells are more sensitive to the
treatment of either a TPL2 inhibitor treatment or luteolin than
MDA-MB-231 cells. Surprisingly, the underlying molecular
mechanisms for luteolin-mediated MCF7 cell growth inhibition
may be not through the direct inhibition of TPL2 kinase activity.

Materials and Methods
Reagents

TPL2 kinase inhibitor (#616373) was purchased from
Calbiochem, and luteolin (#RRL02) was purchased from Biotang.
Antibodies against phospho-Stat3 (Ser727, #9134), phosphop70S6K (Thr389, #9205), p70S6K (#9202), phospho-ERK1/2
(Thr202/Tyr204, #4370), ERK1/2 (#4695), phospho-SAPK/
JNK (Thr183/Tyr185, #4668), and SAPK/JNK (#9252) were
purchased from Cell Signaling Technology. Antibodies against
Stat3 (#sc-482) and β-actin (#sc-47778) were purchased from
Santa Cruz Biotechnonlogy.
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Cell growth assay (MTS assay)

The effect of treatment with either with a TPL2 kinase
inhibitor or luteolin on breast cancer cell growth was measured
by the CellTiter 96® AQueous One Solution Cell Proliferation
Assay Kit (Promega). Briefly, MCF-7 and MDA-MB 231 cells (5
x 103 cells per well) were seeded into 96-well plates (TPP) and
treated with varying concentrations of the TPL2 inhibitor (0 – 50
µM) or luteolin (0 – 160 µM). After 48 and 72 hours treatment, 20
µl of the CellTiter 96® AQueous One Solution reagent was added
to each well and cells were incubated at 37°C for 1 hour. The
absorbance was measured at 490 nm using the iMarkTM Micro
Plate Reader (Bio-Rad). LC50 values (the lethal concentration
required to kill 50% of the cells) were determined by the best-fit
curve method.

Western blot

MCF-7 and MDA-MB-231 cells were treated with the
indicated concentrations of a TPL2 kinase inhibitor or luteolin
for 24 hours. Cells were lysed with RIPA buffer (Millipore) with
complete protease inhibitor cocktail (Roche) and phosphatase
inhibitor (Sigma). Then, the protein concentration was measured
by the Pierce BCA Protein Assay Kit (Thermo Scientific). 20 µg
of protein for each sample was separated by SDS-PAGE and
transferred to PVDF membranes (Bio-Rad). After blocking with 5
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Results

Effects of a pharmaceutical small-molecule TPL2
kinase inhibitor on the growth of two breast cancer
cell lines, MCF7 and MDA-MB-231.
To measure the effects of a pharmaceutical small-molecule
TPL2 inhibitor on the growth of two breast cancer cell lines,
MCF7 and MDA-MB-231, MTS ([3-(4,5-dimethylthiazol-2-yl)-5(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt] assays were performed in triplicate using increasing
concentrations of a TPL2 inhibitor for 48 hours and 72 hours.
Then, LC50 values (the lethal concentration required to kill 50 % of
the cells) were determined using the best-fit curve method. LC50
values for MCF7 cells were 35 µM and 20 µM for 48 hours and 72
hours, respectively (Fig 1A). LC50 values for MDA-MB-231 cells
were 163 µM for 48 hours and 51 µM for 72 hours (Fig 1B). LC50
values for MCF7 cells are significantly lower than those for MDAMB-231 cells for both 48 hours (p = 0.0011, t-test) and 72 hours
(p = 0.0007, t-test). Therefore, MCF7 cells are more responsive to
a TPL2 inhibitor than MDA-MB-231 cells.

To investigate the effects of TPL2 inhibitor treatment on TPL2
downstream signaling pathways, we performed western blot
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After washing three times, proteins were detected with
the Pierce ECL Western blotting substrate (Thermo Scientific).
Densitometry analysis was performed using Image J software
(NIH).
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Human breast cancer cells (MCF-7 and MDA-MB-231) were
kindly provided by Dr. Chengyu Liang (USC) and were maintained
in DMEM media (Invitrogen) supplemented with 10% FBS
(Invitrogen), Penicillin-Streptomycin (100 U/ml and 100ug/ml,
respectively, Invitrogen), 2mM L-glutamine (Invitrogen), and
1mM sodium pyruvate (Invitrogen). Both cell lines were cultured
at 37°C and humidified 5% CO2.

% nonfat dry milk (Bio-Rad) in TBST (10 mM Tris, 150 mM NaCl,
0.1 % Tween-20, pH 7.4) for 1 hour at room temperature (RT),
the membranes were incubated with primary antibodies at 4°C
overnight. Then, the membranes were washed with TBST three
times for 30 min and incubated with HRP-conjugated secondary
antibodies for 1 hour at RT.

0.35
0.10
0.02

Cell lines

Copyright:
© 2017 Lee and Jeong

P-JNK/JNK
P-JNK (Thr183/Tyr185)

2

3

L og [T PL 2 inhibitor concentration (uM)]

JNK
β-Actin

Figure 1: Effects of a TPL2 kinase inhibitor treatment on the growth of both MCF7 cells (A) and MDA-MB-231 cells (B). LC50 values (the lethal
concentration required to kill 50% of the cells) either 48 or 72 hours after TPL2 inhibitor treatment were determined using the MTS assay (A and
B). Effects of a TPL2 kinase inhibitor treatment for 24 hours with the indicated concentrations on TPL2 downstream signaling molecules were also
analyzed by western blot (C).
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analyses. Treatment of MCF7 cells with a TPL2 inhibitor in two
different concentrations below the identified LC50 (2 µM and 10
µM) suppressed both the MEK/ERK MAPK pathway as evaluated
by the measurement of phospho-ERK (Thr202/Tyr204), and the
JNK MAPK pathway as evaluated by the measurement of phosphoJNK (Thr183/Tyr185) (Fig 1C). However, in MDA-MB-231 cells,
although there was a suppression of the JNK MAPK pathway
with the higher 10 µM concentration, we could not observe any
suppression of the MEK/ERK MAPK pathway (Fig 1C).

downstream signaling pathways, we performed western blot
analyses as above. To our surprise, treatments with luteolin
in two different concentrations (5 µM and 20 µM) could not
suppress both the MEK/ERK MAPK pathway and the JNK
MAPK pathway in both MCF7 and MDA-MB-231 cells (Fig 2C).
Therefore, these data demonstrate that luteolin treatment could
not suppress any TPL2 downstream signaling pathway in MCF7
cells despite decreasing tumor cell growth. These results suggest
that the underlying molecular mechanism for luteolin-mediated
MCF7 cell growth inhibition is not through the direct inhibition of
TPL2 kinase activity.

The other TPL2 downstream signaling pathways, including
the p38 MAPK and the NF-kappa B pathways, showed no changes
with the treatments (data not shown). Therefore, these data
suggest that TPL2 inhibitor treatment specifically suppress the
MEK/ERK MAPK pathway in MCF7 cells, ultimately resulting in
more significantly decreased tumor cell growth in MCF7 cells
than MDA-MB-231 cells.

Effects of a pharmaceutical small-molecule TPL2
inhibitor and luteolin on STAT3 and mTOR signaling
pathways.

To gain an insight into the molecular mechanisms underlying
the differential responses to a TPL2 inhibitor and luteolin
between MCF7 and MDA-MB-231 cells, we assessed two other
signaling pathways, STAT3 and mTOR, which are important for
breast cancer development and progression. Treatment with
a TPL2 kinase inhibitor suppressed activation of the STAT3
signaling pathway, as evaluated by the measurement of phosphoSTAT3 (Ser727), only in MCF7 cells, but luteolin treatment had no
effects on the activation status of STAT3 in both cell lines (Fig 3A
and 3B). Therefore, it is possible that the TPL2 kinase inhibitor
inhibits MCF7 tumor cell growth through the suppression of
the STAT3 signaling pathway. Treatments with a TPL2 kinase
inhibitor and luteolin suppressed the mTOR pathway, as
evaluated by the measurement of phospho-70S6K (Thr389), in
both cell lines (Fig 3A and 3B). Since there were no differences in
the activation status of the STAT3 and mTOR signaling pathways
between MCF7 and MDA-MB-231 cells with the treatment of
luteolin, luteolin likely inhibits MCF7 cell growth through other
unknown mechanisms.

Effects of luteolin, a known natural TPL2 inhibitor on
the growth of MCF7 and MDA-MB-231.

Luteolin, a type of flavonoid, is known to be a natural
inhibitor of TPL2. To assess the efficacy of luteolin treatment in
inhibiting the tumor cell growth of MCF7 and MDA-MB-231 cells,
MTS assays were performed using increasing concentrations of
luteolin, and LC50 values with luteolin treatment were determined
as above. LC50 values for MCF7 cells were 25 µM and 11 µM for 48
hours and 72 hours, respectively (Fig 2A). LC50 values for MDAMB-231 cells were 366 µM for 48 hours and 163 µM for 72 hours
(Fig 2B). LC50 values with luteolin treatment for MCF7 cells are
also significantly lower than those for MDA-MB-231 cells for both
48 hours (p = 0.0015, t-test) and 72 hours (p = 0.0004, t-test).
Therefore, MCF7 cells are also more sensitive to a TPL2 inhibitor
treatment than MDA-MB-231 cells.
To investigate the effects of luteolin treatment on TPL2
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Figure 2: Effects of luteolin treatment on the growth of both MCF7 cells (A) and MDA-MB-231 cells (B). LC50 values either 48 or 72 hours after luteolin treatment were determined using the MTS assay (A and B). Effects of a luteolin treatment for 24 hours with the indicated concentrations on
TPL2 downstream signaling molecules were also analyzed by western blot (C).
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Figure 3: Effects of either treatment with a TPL2 kinase inhibitor or luteolin for 24 hours on the STAT signaling pathway and the mTOR pathway
were analyzed in MCF7 cells (A) and MDA-MB-231 cells (B) by western blot.

Discussion

TPL2 is over expressed in approximately 40% of human
breast cancers. Given that mutations in the TPL2 gene is very
rare in human cancers, increased expression of TPL2 through
TPL2 gene amplification appears to contribute to breast cancer
tumorigenesis. We examined effects of two TPL2 inhibitors, a
small-molecule chemical inhibitor of TPL2 and a known natural
inhibitor of TPL2, luteolin, on the cell growth of two commonly
used and well-characterized breast cancer cell lines, MCF7 and
MDA-MB-231. Our data show that treatment with either a TPL2
kinase inhibitor or luteolin more significantly suppressed the cell
growth of MCF7 cells than that of MDA-MB-231 cells. Luteolin
inhibits each step of human tumorigenesis by targeting many
signaling pathways, including JNK, NF-κB, TRAIL, TNF-α, p53,
Wnt/β-catenin, HSP90, mTOR, IGF1, AKT1, etc. In particular, the
ERα, p53, and mTOR pathways are targeted by luteolin in breast
cancer to inhibit cancer cell growth.
However, despite the successful identification of the
numerous dysregulated signaling pathways by luteolin, luteolinbinding partners remain unknown. The MCF7 cell line is luminal
type, ER-positive, PR-positive, and HER2-negative with wildtype p53 protein, while MDA-MB-231 is basal type, ER-negative,
PR-negative, HER2-negative with mutant p53 (R280K) protein.
Therefore, based on these genotypes, it is possible that the ER
and p53 signaling pathways are associated with the enhanced
sensitivity of MCF7 cells to luteolin than MDA-MB-231 cells.
To support this possibility, it has been previously shown that
luteolin inhibits the growth of MCF7 cells by inhibiting IGF-1
pathways-dependent ERα expression. Although a significant
increase in p53 expression with luteolin treatment has been
shown to result in apoptotic cell death of MDA-MB-231 cells, the
used concentrations were much higher than those used in this
study.
Previously, it has been shown that luteolin binds directly to

the ATP binding site of TPL2 and inhibits TPL2 kinase activity
in an ATP-competitive manner using in vitro TPL2 kinase assay,
pull-down assay with luteolin- Sepharose 4B, and computer
modeling study. Functionally, the treatment of JB6 P+ cells with
luteolin inhibited TNF-α treatment-induced TPL2 kinase activity
in the cells, leading to the suppression of TPL2 downstream
signaling pathways, including the MEK/ERK MAPK, JNK MAPK,
and AKT pathways. However, luteolin treatment did not suppress
any TPL2 downstream signaling pathway in MCF7 cells despite
its significant inhibitory effect on the cell growth of MCF7 cells.
Therefore, the inhibitory effect on the cell growth of MCF7 cells
by luteolin is not through the direct inhibition of TPL2 kinase
activity.
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