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Currently, many available anti-cancer therapies are
targeting apoptosis. However, many cancer cells have
acquired resistance to apoptosis. To overcome this problem,
simultaneous induction of other types of programmed cell
death in addition to apoptosis of cancer cells might be an
attractive strategy. For this purpose, we initially investigated
the inhibitory role of TRIP-Br1/XIAP in necroptosis, a
regulated form of necrosis, under nutrient/serum starvation.
Our data showed that necroptosis was significantly induced
in all tested 9 different types of cancer cell lines in response
to prolonged serum starvation. Among them, necroptosis
was induced at a relatively lower level in MCF-7 breast
cancer line that was highly resistant to apoptosis than that
in other cancer cell lines. Interestingly, TRIP-Br1 oncogenic
protein level was found to be very high in this cell line, Up-
regulated TRIP-Br1 suppressed necroptosis by repressing
reactive oxygen species generation. Such suppression of
necroptosis was greatly enhanced by XIAP, a potent inhibitor
of apoptosis. Our data also showed that TRIP-Br1 increased
XIAP phosphorylation at serine87, an active form of XIAP,
Our mitochondrial fractionation data revealed that TRIP-
Br1 protein level was greatly increased in the mitochondria
upon serum starvation. It suppressed the export of CypD, a
vital regulator in mitochondria-mediated necroptosis, from
mitochondria to cytosol. TRIP-Br1 also suppressed shikonin-
mediated necroptosis, but not TNF-o-mediated necroptosis,
implying possible presence of another signaling pathway in

necroptosis. Taken together, our results suggest that TRIP-
Br1/XIAP can function as onco-proteins by suppressing
necroptosis of cancer cells under nutrient/serum starvation.

Keywords: necroptosis, programmed cell death, TRIP-Br1,
XIAP

INTRODUCTION

Cancer is still considered as one of the leading causes of mor-
bidity and mortality worldwide despite advances in the field
of anti-cancer drug discovery and development (Ferlay et al.,
2015). Among many characteristics of cancer cells, the ability
of cancer cells to evade cell death is one of the biggest obsta-
cles in cancer therapies (Hanahan and Weinberg, 2011). Over
the past few decades, apoptosis has been targeted mainly to
kill cancer cells. Therefore, many currently available anti-can-
cer drugs are designed to activate the apoptotic pathway
either directly or indirectly. However, many cancer cells have
acquired resistance to apoptosis via induction of defective
apoptotic machinery (e.g., absence of caspase 3) or overex-
pression of pro-survival proteins, which is a major problem
of traditional chemotherapy. Therefore, it is very important
to establish new therapies that target different forms of cell
death aside from apoptosis.

Cell death has been primarily divided into two types:
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apoptosis (regulated and programmed cell death [PCD]) and
necrosis (unregulated and accidental cell death) for a long
time. However, recent studies have ushered in overwhelming
in the concept of cell death (Nikoletopoulou et al., 2013; Su
et al, 2015; Xu et al., 2016). For example, necrosis is now
considered a type of PCD (Belizério et al., 2015; Berghe et
al., 2014; Cai et al., 2014; Chan et al., 2015; Christofferson
and Yuan, 2010; Dasgupta et al., 2017; De Almagro and
Vucic, 2015; Dondelinger et al., 2016; Eigenbrod et al., 2008;
Fulda, 2013; Gonzalez-Juarbe et al., 2015; He et al., 2009;
Jouan-Lanhouet et al., 2014, Kaczmarek et al., 2013; Mori-
waki et al., 2015; Pasparakis and Vandenabeele, 2015; Teng
et al., 2005; Vandenabeele et al., 2010; Wang et al., 2014).
Accordingly, it is designated as necroptosis, apoptosis-like
necrosis, to distinguish it from passive necrosis (Teng et al.,
2005). We have tried to find anti-cancer drugs or stresses
that can trigger necroptosis as well as apoptosis, especially in
apoptosis-resistant cancer cells. Toward this end, it is import-
ant to understand both apoptosis and necroptosis, which are
mediated via similar but unique signaling pathways depend-
ing on the types of stress and stimuli.

Apoptosis is a caspase-dependent PCD that is mediated by
either extrinsic or intrinsic pathways via activation of caspases.
The extrinsic pathway is activated by various death receptor-li-
gand interactions. Upon ligand binding to death receptors,
the cytoplasmic death domains attract adaptor molecules
and eventually lead to activation of caspase-8 which in turn
activates downstream caspases. The intrinsic mitochondrial
pathway is regulated by Bcl-2 family proteins that control
mitochondrial membrane permeability (MMP). Cytochrome
C is released from the outside of the inner mitochondrial
membrane into cytosol. It binds to apoptotic protease acti-
vating factor (Apaf1) and forms the apoptosome complex.
Apoptosome activates caspase-9 which in turn activates the
downstream elements of caspase cascade (e.g. caspase-3).
Apoptosis is morphologically characterized by rounding up
of cells, chromatic condensation, nuclear fragmentation, and
shedding of apoptotic bodies.

Necroptosis is a caspase-independent form of cell death
unlike apoptosis. Necroptosis can be induced by upstream
cell death receptors such as the tumor necrosis factor (TNF)
receptor superfamily, T-cell receptors (TCR), interferon recep-
tors (IFNs), and Toll-like receptors (TLRs) (Chan et al., 2015;
Dondelinger et al., 2016; Fulda, 2013; Nikoletopoulou et al.,
2013; Su et al., 2015). TNF-g-mediated necroptosis is the
most well-studied signaling pathway inducing necroptosis,
which is mainly mediated via activation of three main core
regulators: receptor-interacting protein 1 (RIP1) kinase, re-
ceptor-interacting protein 3 (RIP3), and mixed lineage kinase
domain-like protein (MLKL) (De Almagro and Vucic, 2015;
Berghe et al., 2014; He et al., 2009; Moriwaki et al., 2015;
Wang et al., 2014). RIP1 is known to mediate both apop-
tosis and necroptosis, while RIP3 and MLKL are necroptosis
specific kinase and actual executer required for necrosome
formation, respectively. They form three different types of
complexes (membrane-bound complex |, complex I, and
necrosome) sequentially by changing the binding partners
(Berghe et al., 2014, Cai et al., 2014; De Almagro and Vucic,
2015; He et al., 2009; Moriwaki et al., 2015; Wang et al.,
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2014). The mechanism entails RIP1 phosphorylation of RIP3,
which triggers MLKL phosphorylation and induces necrotic
plasma membrane permeabilization (Cai et al., 2014). The
RIP1-RIP3-MLKL-dependent necroptosis is now considered a
primary mechanism mediating the suppression of tumorigen-
esis and progression. Cancer cells may suppress necroptosis
by down-regulating or inducing functional mutations in
RIP1, RIP3, and MLKL. Unlike apoptosis, necroptosis induces
inflammation by releasing damage associated molecular pat-
terns (DAMPs), IL-1 family cytokines, nuclear high mobility
group box-1 proteins (HMBG1), and cyclophilin A (CypA)
(Christofferson and Yuan, 2010; Eigenbrod et al., 2008;
Pasparakis and Vandenabeele, 2015). Necroptosis varies
morphologically from apoptosis. It results in loss of physical
integrity including swelling of organelles, increased cellular
volume, disruption of plasma and mitochondrial membranes,
and eventual release of intracellular contents.

Necroptosis can be induced by various types of stress
including extreme nutrient deficiency (e.g., depletion of glu-
cose, serum, amino acids, and growth factors). Metabolic
stress can trigger a set of responses. Initially, nutrient star-
vation induces autophagy, which contributes to cell survival
by supplying additional nutrient and energy to starved cells.
However, prolonged starvation eventually results in autoph-
agy-mediated cell death and apoptosis. Severe and extreme
starvation ultimately induces necroptosis. Unlike normal
cells, cancer cells require very large amounts of nutrients to
support uncontrolled growth and proliferation. Thus, they
are more susceptible to severe nutrient starvation compared
to normal cells. However, many cancer cells have developed
tolerance to nutrient limitation by increasing nutrient uptake
via changes in metabolic signaling pathways or by activating
angiogenesis (Izuishi et al., 2000). Nonetheless, the underly-
ing signaling pathways have yet to be fully elucidated in order
to develop novel therapeutic approaches. In this report, we
initially focused on nutrient starvation-induced necroptosis
as an alternative strategy to treat cancer. To this end, we first
studied the inhibitory mechanism of TRIP-Br1 (transcriptional
regulator interacting with the PHD-bromodomain 1, also
known as SERTAD1/SEI-1/p34°"") and XIAP (X-linked inhibi-
tor of apoptosis protein), which play a key role in response to
many different types of cell death.

TRIP-Br1 is known to be involved in various biological pro-
cesses such as cell cycle, transcriptional regulation, cellular
senescence, chromosomal instability, tumorigenesis, and
cell death (Hong et al., 2009; 2011; Hsu et al., 2001; Jung
et al, 2013; 2014, 2015, Lee et al., 2009; 2015; Li et al.,
2015; Sugimoto et al., 1999; Tang et al., 2002; 2005). Many
research groups including ours have suggested that TRIP-Br1
is an oncogenic protein, which is overexpressed in several
cancer cell lines (Jung et al., 2015; Tang et al., 2002). Our
previous study has shown that serum depletion increases
TRIP-Br1 protein expression only in cancer cell lines, especial-
ly in breast cancer cells, but not in normal cells Jung et al.,
2015). Up-regulated TRIP-Br1 facilitates cancer cell survival
by suppressing autophagy-mediated PCD, apoptosis, and
necroptosis (Jung et al., 2015). Based on results of our previ-
ous study, the present study elucidated the TRIP-Br-mediated
mechanism of necroptosis inhibition.
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Toward this end, we first focused on XIAP, a central regula-
tor of apoptotic cell death. We have previously reported that
TRIP-Br1 inhibits apoptosis by directly binding and stabilizing
XIAP (Hong et al., 2009). It is considered as an oncogenic
protein and a potent apoptosis inhibitor. It is overexpressed in
various malignant cancer cells. A high level of XIAP expression
is strongly related to chemotherapy resistance (Berezovskaya
et al., 2005; Deveraux et al., 1999; Mizutani et al., 2007; Van
Themsche et al., 2009). In addition, XIAP is a key member of
IAP protein family. However, it is distinguished from other
IAPs due to its strong prevention of cell death induced by
various stresses or stimuli (e.g., UV light, genotoxic agents,
TNF-o, Fas, etc.) (Duckett et al., 1998). Further, it directly
binds and inhibits caspases, unlike other members of the IAP
family. XIAP carries three BIR domains that are essential for
direct binding to active caspases-9, -3, and -7, which sup-
presses both intrinsic and extrinsic apoptotic pathways (Chai
etal., 2001; Riedl et al., 2001; Shiozaki et al., 2003).

Considering the importance of TRIP-Br1 and XIAP in a
diverse range of vital cellular functions, we investigated the
mechanism of necroptosis inhibition by TRIP-Br1/XIAP in
response to nutrient starvation. This study hypothesized that
TRIP-Br1/XIAP is a combined target for efficient killing of can-
cer cells, especially apoptosis resistant cancer cells, by induc-
ing necroptosis and apoptosis under low-nutrient conditions.

MATERIALS AND METHODS

Cell lines, cell culture, and cell treatment

Each cell line was cultured in one of the following culture
media. Four breast cancer cell lines (MCF-7, MDA-MB-231,
SKBr3, and HS578T), two lung cancer cell lines (A549 and
NCI-H1299), one cervical cancer cell line (Hela), and one
colon cancer cell line (HCT116) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; WelGENE, Korea) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco, USA)
and 1% antibiotic-antimycotic solution (cat. No. 15240-06;
Gibco). HT-29 colon cancer cell line was cultured in Roswell
Park Memorial Institute (RPMI) 1640 medium (WelGENE)
supplemented with 10% FBS and 1% antibiotic-antimycotic
solution. All cells were cultured at 37°C in a humidified at-
mosphere with 95% air and 5% CO,. Cell morphology was
imaged using an optical microscope with IS capture software
(KI-400F; Korea Lab Tech, Korea) at x100 magnification.
To induce serum starved conditions, cells were cultured in
DMEM and RPMI media without 10% FBS for indicated
times. Cell lines were purchased from the American Type Cul-
ture Collection (ATCC). Human breast cancer cell lines MCF-
7 with wild-type or knock-down TRIP-Br1 were established
in our previous study (Jung et al., 2015). Materials used in
this study were purchased to prepare the following reagents:
100 ng/ml TNF-¢ (cat. No. 210-TA; R&D Systems, USA), 100
uM Smac mimetic LCL-161 (cat. No. A11928; AdooQ, USA),
20 uM zVAD-fmk (cat. No. ALX-260-020; Enzo Life Science,
USA), and 25-100 uM shikonin (cat. No. 565850; Calbio-
chem, USA).

Western blotting analysis
Cells were centrifuged (Smart R17; Hanil Scientific, Korea)
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at 3,000g for 3 min at 4°C, washed with ice-cold phos-
phate-buffered saline (PBS), and lysed in radioimmunopre-
cipitation assay (RIPA) lysis buffer (50 mM Tris, pH 7.5; 48
mM NaCl; 1% Triton X-100; and 1 mM EGTA) with 0.5 mM
Na;VO,, 1 mM DTT, and 1 ul pre-made protease inhibitor
cocktail lll (cat. No. P-1512; AG Scientific, USA) per ml of
RIPA buffer. Protein concentration was quantified using a
protein assay kit (Bio-Rad Laboratories, USA) followed by
loading of 10 to 30 ug protein in each lane of 10% to 12%
gels for SDS-PAGE. The separated proteins were electropho-
retically transferred onto an Immobilon-P® polyvinylidene
fluoride transfer membrane (cat. No. IPVHO0010; EMD Mil-
lipore, USA). Membranes were blocked with 5% skimmed
milk in PBS for 30-60 min at 20-25°C and incubated with
primary antibodies at 4°C overnight. After washing with
Tris-buffered saline containing 1% Tween 20 (cat. No. T1027;
Biosesang, Korea), the membranes were incubated with
corresponding secondary antibodies: anti-rabbit (cat. No.
7074S, 1:5,000; Cell Signaling Technology, USA), anti-mouse
(cat. No. sc-516102, 1:5,000; Santa Cruz Biotechnology,
USA), and anti-goat (cat. No. sc-2020, 1:5,000; Santa Cruz
Biotechnology). Immunodetection was performed using a
PowerOpti-ECL western blotting detection reagent (cat. No.
LRO1-02; BioNote, Korea). Antibodies used in this study were
as follows: mouse monoclonal anti-TRIP-Br1 (cat. No. ALX-
804-645, 1:20,000; Enzo Life Sciences), rabbit polyclonal
anti-XIAP (cat. No. 2042, 1:3,000; Cell Signaling Technol-
ogy, USA), rabbit polyclonal anti-phospho-XIAP (S87) (cat.
No. Ab193315, 1:3,000; Abcam, UK), mouse monoclonal
anti-BAX (cat. No. sc-7480, 1:3,000; Santa Cruz Biotechnol-
ogy), rabbit polyclonal anti-Bak (cat. No. 38145, 1:3,000; Cell
Signaling Technology), rabbit polyclonal anti-Bcl-2 (cat. No.
2872, 1:3,000; Cell Signaling Technology), rabbit polyclonal
anti-Cytochrome C (cat. No. sc-7159, 1:3,000; Santa Cruz
Biotechnology), rabbit polyclonal anti-cyclophilin A (CypA)
(cat. No. BML-SA296, 1:1,000; Enzo Life Sciences), mouse
monoclonal anti-CypD (cat. No. ab110324, 1:3,000; Abcam),
goat- polyclonal anti-RIP3 (cat. No. Sc-47368, 1:3,000; Santa
Cruz Biotechnology), rabbit monoclonal anti-pRIP3(S227)
(cat. No. Ab209384, 1:3,000; Abcam), rabbit monoclonal
anti-MLKL (cat. No. Ab184718, 1:3,000; Abcam), rabbit
monoclonal anti-phospho-MLKL (S358) (cat. No. ab187091,
1:3,000; Abcam), rabbit monoclonal anti-Drp1 (cat. No.
5391, 1:3,000; Cell Signaling Technology), rabbit polyclonal
anti-HSP60 (cat. No. sc-139661, 1:3,000; Santa Cruz Bio-
technology), and mouse monoclonal anti-p-actin (cat. No.
sc-47778, 1:5,000; Santa Cruz Biotechnology). p-Actin was
used as a loading control. Results of western blot analysis
were semi-quantified using ImageJ software (ver. 1.51u; Na-
tional Institutes of Health, USA). Relative intensity was com-
pared to B-actin and presented in bar graphs.

Analysis of necroptosis and apoptosis

Necroptosis and apoptosis were determined by western
blotting analysis using the following biomarkers or regula-
tory proteins: CypA, BAX, BAK, Bcl2, and XIAP. Necroptosis
was evaluated by measuring the levels of extracellular CypA
biomarker protein released from necroptotic cells to an ex-
tracellular location. To measure CypA extracellular levels,



80 ul culture media were collected from 10 ml cell culture
and mixed with 20 ul 5x SDS-PAGE loading buffer (cat. No.
$2002; Biosesang), of which 20 ul was loaded and separated
by 12% SDS-PAGE for western blotting. Necroptosis was
also analyzed using a Green Fluorescent Protein-Certified
Apoptosis/Necrosis Detection kit (cat. No. ENZ-51002; Enzo
Life Sciences), according to the manufacturer’s protocol. This
kit contained 7-aminoactinomycin D (7-AAD) and Annexin V
for the detection of necroptosis and apoptosis, respectively.
In brief, cells were plated into 8-well chamber slides for 24
h of serum starvation. Cells were observed under confocal
microscope (x200) after staining with 7-aminoactinomycin D
(7-AAD) to identify necroptotic cells coated in red color and
Annexin V-EnzoGold (enhanced Cyanine-3) to detect apop-
totic cells stained yellow color.

Transient silencing of XIAP gene and overexpression of
TRIP-Br1

For transient knockdown of XIAP, cells were transfected with
XIAP silencing siRNA (cat. No. 6446; Cell Signaling Technol-
ogy) using Turbofect Transfection Reagent (cat. No. R0531)
following the manufacturer’s instrution. Scrambled RNA
(scRNA) was used as a non-silencing control. After 24 h of
incubation in DMEM with 10% FBS and 1% antibiotic-anti-
mycotic, the transfection medium was replaced with a fresh
medium with or without 10% FBS. For overexpression of
TRIP-Br1, SKBr3 cancer cells were transfected with TRIP-Br1
overexpressing pcDNA3.1 plasmid using Turbofect Transfec-
tion Reagent (cat. No. R0531) following the manufacturer’s
instruction, in which pcDNA3.1 plasmid was used as a con-
trol vector. After 24 h of incubation in DMEM with 10% FBS
and 1% antibiotic-antimycotic, the transfection medium was
replaced with a fresh medium with or without 10% FBS and
cultured for 24 h and 48 h.

Measurement of mitochondrial membrane potential
(MMP)

The MMP was assessed using a Mito-ID Membrane Potential
Cytotoxicity kit (cat. No. ENZ-51019; Enzo Life Sciences), ac-
cording to the manufacturer’s protocol. Briefly, MCF-7 cells
(~2 x 10° cells/well) were seeded into 96-well plates (BD
Falcon; BD Biosciences, USA) and cultured in DMEM media
with or without 10% FBS for 3, 6, 24, or 48 h. Subsequently,
Mito-ID membrane potential dye loading solution was added
to each well and incubated at room temperature for 3 h. The
MMP was assessed by measuring the resulting fluorescence
with a Gemini XPA microplate reader at an excitation wave-
length of 480 nm and an emission wavelength of 590 nm.

Measurement of reactive oxygen species (ROS)

Cells were cultured in DMEM media with or without 10%
FBS for 24 h and 48 h and then collected into 15 ml coni-
cal tubes for centrifugation (Smart R17; Hanil Scientific) at
~200g for 2 min. Subsequently, ~5 x 10 cells/50 ul PBS
were transferred into each well of a 96-well plate and 50 ul
of 200 uM 2,7’ -dichlorodihydrofluorescein diacetate (DCFH-
DA, cat. No. D399; Thermo Fisher Scientific) was added into
each well using a multichannel-pipette (PIPETMAN; Gilson
Incorporated, USA) in order to achieve a final concentration
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of 100 uM DCFH-DA. ROS levels were detected by measuring
fluorescence at an excitation wavelength of 485 nm and an
emission wavelength of 535 nm every 5 min for 30 min with
a Gemini XPA microplate reader.

Preparation of mitochondrial fractions

Cells were then collected into 15 ml conical tubes and cen-
trifuged (Smart R17; Hanil Scientific) at 1,000 rpm for 5 min,
washed in ice-cold PBS, and resuspended with hypotonic lysis
buffer (220 mM mannitol, 10 mM HEPES, 2.5 mM PO,H, K,
1 mM EDTA, 68 mM sucrose, and 1 mM PMSF). They were
kept on ice for 60-90 min and then centrifuged at 1,000 rpm
for 5 min at 4°C. Cell pellets were resuspended in mitochon-
drial fraction buffer and pipetted about 10-20 fold gently ev-
ery 30 min during 1 h incubation on ice. After centrifugation
at 1,500-2,000 rpm for 5 min at 4°C and removing cellular
debris, the supernatant was transferred to a fresh tube and
centrifuged at 10,000-14,000 rpm for 5 min at 4°C. At this
stage, the supernatant and pellet represented cytosolic and
mitochondrial fractions, respectively. For enhanced purity, the
supernatant was centrifuged again following the same pro-
tocol. Pellets were resuspended with RIPA buffer and used for
western blot analysis as described in Materials and Methods
section. Total protein as well as cytosolic and mitochondria
fractions were prepared for western blot analysis.

Statistical analysis

Data are presented as mean = SD from three independent
experiments. Statistical analysis was performed using the Stu-
dent’s t-test to compare two different groups. The one-way
ANOVA followed by Bonferroni’'s multiple comparisons test,
was used to compare multiple groups. SPSS statistics data
(ver. 23; IBM, USA) was used for statistical analysis. P < 0.05
indicated statistically significant difference.

RESULTS

Necroptosis is induced in various cancer cell lines upon
serum starvation, following increased TRIP-Br1 expression
In order to investigate the level of necroptosis in cancer cells
upon serum starvation, we first examined the level of necro-
ptosis in various cancer cell lines after culturing them in me-
dia with or without serum for 24, 48, or 72 h as mentioned
in Materials and Methods section. Necroptosis was evaluated
by measuring extracellular levels of CypA, one of the two
representative biomarkers of necroptosis (Christofferson and
Yuan, 2010). The export of CypA into extracellular media
was significantly increased in all the tested cancer cell lines
after 72 h, indicating that necroptosis was induced by serum
starvation (Figs. 1A and 1B). Interestingly, a relatively very low
level of necroptosis was found in MCF-7 cells compared with
those in other cancer cell lines. MCF-7 cell line is considered a
good study model because of its high degree of resistance to
apoptosis underexposure to different stresses or anti-cancer
drugs. To find the mechanism how MCF-7 could efficiently
suppress necroptosis, we initially focused on TRIP-Br1 onco-
genic protein, which was found to be greatly increased in the
MCF-7 cell line compared with other cancer cell lines (Figs.
1A and 1B).
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Fig. 1. Levels of necroptosis induction and TRIP-Br1 expression in various cancer cell lines in response to nutrient/serum starved condi-
tion. (A) Human breast cancer (MCF-7, MDA-MB-231, SKBr3, and Hs578T), lung cancer (A549 and NCI-H1299), cervical cancer (HeLa),
and colon cancer (HCT116 and HT-29) cell lines were cultured in complete media with serum (CM) or serum starved medium (SS) for 24,
48, and 72 h. The level of necroptosis was determined by measuring the extracellular level of CypA (supernatant) as described in Materials
and Methods section. TRIP-Br1 expression was also analyzed by western blot analysis, using p-actin as a loading control. All the experiments
were performed independently at least triplicate. Representative data are shown. (B) Results of western blot were quantified using Image)
program. Data are presented as mean + SD based on three independent experiments. Asterisk (*) indicates statistically significant difference
at P < 0.05. (C) TRIP-Br1 was overexpressed in SKBr3 breast cancer cells and resulting SKBr3 cells were cultured in complete media with
serum (CM) or serum starved medium (SS) for 24 h and 48 h. The morphological changes of SKBr3 cells were photographed under an
optical microscope at x100 magnification. (D) TRIP-Br1 overexpressing SKBr3 cells were subjected to western blot analysis to determine the
levels of necroptosis by measuring the extracellular level of CypA (supernatant), in which p-actin as a loading control.

The relatively very low level of necroptosis was induced
in MCF-7 cancer cell line, following increased expression of
TRIP-Br1 protein implies that TRIP-Br1 might be responsible
for the inhibition of necroptosis in response to serum star-
vation. Therefore, the effect of TRIP-Br1 on necroptosis was
further investigated in SKBr3 breast cancer cell line because
this cell line shows high level of necroptosis under serum
starvation and no TRIP-Br1 expression (Figs. 1A and 1B). Our
result showed that necroptosis was significantly repressed in
TRIP-Br1 overexpressing SKBr3 cancer cells compared with
control cells, implying that TRIP-Br1 can suppress necroptosis
under serum starved condition (Figs. 1C and 1D).
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Taken together, our data imply that TRIP-Br1 may play an
important role in necroptosis. Therefore, the role of TRIP-Br1
in necroptosis was further investigated in MCF-7 cells under
serum starvation.

Necroptosis is accelerated in TRIP-Br1 knock-downed
MCF-7 cancer cells in response to nutrient depletion

Based on the inhibitory role of TRIP-Br1 in apoptosis and
the inverse relationship between the degree of necroptosis
induction and TRIP-Br1 expression, we hypothesized that
elevated TRIP-Br1 expression suppressed serum starvation-in-
duced necroptosis. To test this hypothesis, MCF-7 stable cell
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lines carrying wild-type TRIP-Br1 gene (MCF-7"T™"®#1) or after 72 h of serum starvation compared with MCF-7"T™"

knock-downed TRIP-Br1 gene (MCF-7°"™"#) \were cultured B cells (Fig. 2A). Our western blot analysis showed that the

in serum containing the complete medium (CM) or serum extracellular level of CypA was substantially elevated in MCF-

starved medium (SS) for 24, 48, and 72 h. Microscopic im- 7KOTRPET calls than in MCF-7"T™®" cells after 72 h of serum

ages revealed that MCF-7"°T®" ca|ls showed significantly starvation, indicating that the elevated TRIP-Br1 suppressed

slower proliferation and a dramatic increase in cell death necroptosis in MCF-7 cells under serum starvation (Figs. 2B
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and 2C). We also analyzed the effect of TRIP-Br1 on vital reg-
ulators in necroptosis, including RIP1, RIP3, and MLKL using
western blot analysis. Our data showed that RIP1 level was
significantly decreased in MCF-7° ™" calls than in MCF-7"""
TRPEM calls after 72 h of serum starvation (Figs. 2B and 2C).
Our data also revealed the lack of RIP3 expression, and there-
fore the absence of RIP3 phosphorylation in MCF-7"T ™81
and MCF-7*°™®" cells (Fig. 2B). These results are consistent
with previous studies, which reported that the MCF-7 cell
line lacks RIP3 (He et al., 2009). Furthermore, it is also known
that phosphorylated RIP3 activates MLKL via phosphoryla-
tion. Accordingly, we determined the effect of TIRP-Br1 on
MLKL phosphorylation. Our data revealed a lack of MLKL
phosphorylation despite the presence of MLKL (Fig. 2B). This
result suggested the presence of another pathway inducing
the necroptosis in the absence of RIP3 or MLKL activation.
Next, we analyzed the representative pro-apoptotic proteins
of BAX and BAK and anti-apoptotic protein Bcl2, which are
known to mediate many other types of cell deaths including
necroptosis (Karch et al., 2013; 2015; Lindqvist et al., 2014;
Nikoletopoulou et al., 2013). The expression of BAX and BAK
was found to be slightly higher in MCF-7°T"®" calls than in
MCF-7VTTRPET calls (Figs. 2B and 2C). By contrast, the Bcl2
expression was significantly lower in MCF-7* "8 cells than
in MCF-7"TT™"® calls (Figs. 2B and 2C). These data suggest
that TRIP-Brisuppressed necroptosis at least partly by regu-
lating expression of BAX, BAK, and Bcl2 (Figs. 2B and 2C).

In an extended study, we also analyzed the effect of TRIP-
Br1 on necroptosis under overcrowded stress, a type of nu-
trient depletion mostly occurring in vivo. Microscopic images
showed a lower growth but higher death of MCF-7"T""
B cells than in MCF-7"T™"8" calls (Fig. 2D). Consistent with
serum starvation results, the extracellular CypA level was
significantly higher in MCF-7™"%" calls than in MCF-7"/T™0"
B cells after 9 days of culture. The CypA exportation in MCF-
7KOTRPE calls started on day 6 of overcrowded culture and
was greatly elevated on day 9 of culture (Figs. 2E and 2F).

These results suggest that the presence of TRIP-Br1 in
MCF-7 cells apparently suppressed the necroptosis under
nutrient deprivation such as serum starvation or overcrowded
conditions.

TRIP-Br1 inhibits necroptosis by repressing ROS gener-
ation and suppressing CypD release from mitochondria
into cytosol

To determine the inhibitory role of TRIP-Br1 in necroptosis,
we hypothesized that TRIP-Br1 suppressed necroptosis by in-
terfering with PCD-related mitochondrial functions, including
the maintenance of MMP or the production of ROS. Our pre-
vious study showed the presence of a great amount of TRIP-
Br1 in the mitochondria (Jung et al,, 2015). The cellular role
of mitochondria attracted significant attention in apoptosis
over the years. Recent studies have demonstrated the role of
mitochondria in different types of cell death including necro-
ptosis, in which necroptosis as well as apoptosis were char-
acterized by decreased MMP and increased ROS production
(Bernardi et al., 2006; Dashzeveg and Yoshida, 2015; Geou-
Yarh Liou, 2010; Karch et al., 2015; Lin et al., 2004; Marchi
etal, 2012; Montero et al., 2013; Redza-Dutordoir and Aver-
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ill-Bates, 2016; Rohde et al., 2017; Tsujimoto and Shimizu,
2007; Vaseva et al., 2012). Nutrient starvation induces ROS
increase, plasma membrane permeabilization, and eventually
necroptosis. Therefore, we hypothesized that TRIP-Br1 might
inhibit necroptosis by preventing the loss of MMP and the
generation of ROS. Accordingly, the cellular levels of MMP
and ROS were estimated in MCF-7"TT™"#1 and MCF-7"®TRPE1
cell lines under serum starvation.

First, the effect of TRIP-Br1 on MMP was analyzed after
MCF-7"TTPET and MCF-7"° ™08 cells. The MMP level was
significantly decreased after 3 h of serum starvation in both
cell lines (Figs. 3A and 3B). However, no significant differenc-
es in MMP level were detected between MCF-7"T™"®" and
MCF-7¥0T"8 ca|ls, indicating that TRIP-Br1 protein did not
affect the MMP level under serum starvation.

Second, the effect of TRIP-Br1 on cellular ROS generation
was also analyzed in MCF-7"T™™®#" and MCF-7"*T""# cq||s.
A gradual increase in ROS level was observed on both cell
lines after 24 h of serum starvation (Fig. 3C). Interestingly,
the ROS accumulation was significantly higher in MCF-7¥> ™"
B cells after 48 h of serum starvation than in MCF-7"T TR
cells (Fig. 3C). These data indicate that TRIP-Br1 suppressed
ROS production in response to serum starvation. In a further
study, we analyzed the mitochondrial proteins that play an
important role in necroptosis and apoptosis. Mitochondria in-
duce necroptosis and apoptosis by releasing pro-necroptotic
or pro-apoptotic proteins, respectively. Mitochondrial perme-
ability transition pore (MPTP) opening as an inner mitochon-
drial membrane event results in mitochondrial swelling, and
necrotic cell death whereas mitochondrial outer membrane
permeabilization (MOMP) predominantly leads to apoptosis
(Karch et al., 2013). During necroptosis, the increased ROS
induces the opening of MPTP in the mitochondrial matrix.
This pore opening event leads to mitochondrial depolariza-
tion and eventually leads to organelle rupture (Halestrap,
2009). Although the actual pore forming component of
MPTP remains unclear, cyclophilin D (CypD) is known as a vi-
tal regulator of MPTP opening and necrotic cell death. It is lo-
calized in the mitochondrial matrix and released into the cyto-
sol upon exposure to necroptosis inducing stress. Therefore,
we determined the CypD level in mitochondria and cytosol
following mitochondrial fractionation as described in Mate-
rials and Methods section. Our western blot data revealed
that the TRIP-Br1 protein expression was highly increased in
mitochondria in response to serum starvation (Figs. 3D and
3E). Interestingly, the release of CypD from mitochondria to
cytosol was significantly lower in MCF-7"T™"B" calls than in
MCF-70T*PE calls after 72 h of serum starvation, indicating
that TRIP-Br1 inhibited the release of CypD into cytosol under
serum starvation (Figs. 3D and 3E). Our data also showed
that Cyt C release, a characteristic of apoptosis, was slightly
higher in MCF-7*°™®" cglls than in MCF-7"T™"®" cells (Figs.
3D and 3E), although the difference between the two was
not statistically significant. This finding suggests that elevated
TRIP-Br1 in mitochondria predominantly inhibited necroptosis
by negatively affecting the release of CypD from the mito-
chondrial matrix into the cytosol rather than apoptosis. An-
other important mitochondrial division related protein Drp1
did not show any significant difference between MCF-7""
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response to serum starvation. Stable MCF-7"""™"#" and MCF-7**™"#" cell lines were incubated in media with or without serum for the
indicated durations. (A and B) MMP was tested as described in Materials and Methods section after MCF-7"T™"®" and MCF-7*0T""#" cells
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TRPET and MCF-7 ™ cells in response to serum starvation, that TRIP-Br1 protein expression was significantly increased in
suggesting that TRIP-Br1 had no effect on Drp1 (Figs. 3D mitochondria after a relatively short exposure (3 h) to serum
and 3E). Our mitochondrial fractionation data also showed starvation, although no significant changes in total TRIP-Br1
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protein level were observed (data not shown). This finding Br1 inhibited necroptosis at least partly by repressing mito-

indicates mitochondrial translocation of TRIP-Br1 from the chondrial ROS production and interfering with the release of

cytosol immediately after exposure to serum starvation. CypD from mitochondria into cytosol in MCF-7 cells under
Taken together, our data indicate that up-regulated TRIP- serum starvation.
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XIAP enhances the inhibitory effect of TRIP-Br1 on necro-
ptosis under serum starvation

During the elucidation of the molecular mechanism under-
lying the inhibitory effect of TRIP-Br1 on necroptosis, we
hypothesized that TRIP-Br1 worked with XIAP in necroptosis
inhibition under serum starvation. Our previous study showed
that TRIP-Br1 directly bound XIAP and stabilized, and eventu-
ally inhibited apoptosis (Hong et al., 2009). It is known that
XIAP is activated by phosphorylation at the Ser87 residue and
the activated XIAP inhibits apoptosis (Kato et al., 2011). Thus,
we first determined the XIAP expression and phosphorylation
levels after the MCF-7"T™®#" 3nd MCF-7"T™"®#" cells were
cultured in complete or serum-starved media for 24, 48, and
72 h. Our data revealed that the XIAP levels were decreased
in both cell lines in a time-dependent manner (Figs. 4A and
4B). However, the XIAP level substantially higher in MCF-7"'"
TRPE than in MCF-7"°™"®" cells (Figs. 4A and 4B). In addi-
tion, phosphorylation of XIAP at Ser87 residue was strongly
increased in MCF-7"TT™®1 cqlls, but not in MCF-7° ™% cells
(Figs. 4A and 4B). These data suggest that TRIP-Br1 boosted
XIAP activation via phosphorylation as well as stabilized XIAP
protein expression.

To elucidate the XIAP-dependent TRIP-Br1 inhibition in
necroptosis, siXIAP was introduced into MCF-7"T™"#" and
MCF-7*PTR"8 calls to silence XIAP. Our results showed that
the double knock-down of TRIP-Br1 and XIAP greatly en-
hanced necroptosis. We showed that CypA exportation was
significantly increased in TRIP-Br1 single knock-downed cell
(MCF-7X0TRPEM) after 72 h of serum starvation (Fig. 2B). How-
ever, the double knock-down of TRIP-Br1 and XIAP resulted
in a dramatic increase of extracellular CypA level after 24 h
of serum starvation (Figs. 4C and 4D). This result strongly
suggests that inhibition of necroptosis by TRIP-Br1 greatly
enhanced by XIAP in conjunction with TRIP-Br1. The current
study also showed that XIAP silencing marginally reduced
TRIP-Br1 protein expression suggesting that XIAP also posi-
tively affected the stability of TRIP-Br1 (Figs. 4C and 4D).

To determine how XIAP enhanced the inhibitory role of
TRIP-Br1 in serum starvation—-induced necroptosis, we hy-
pothesized that TRIP-Br1/XIAP suppressed necroptosis by reg-
ulating mitochondrial proteins involved in different types of
cell death including necroptosis. Necroptosis-inducing stimuli
increase both BAX/BAK pro-apoptotic proteins to generate
MPTP openings as well as apoptotic pores in the outer mito-
chondrial membrane while Bcl2 negatively affects this process
(Karch et al., 2015). We therefore analyzed these proteins in
both MCF-7"TT™"E" and MCF-7"°™"E" calls transfected with
either scRNA or siXIAP. Our data revealed significantly higher
levels of BAK but substantially lower levels of Bcl2 in XIAP si-
lenced MCF-7*"™"#" calls compared with MCF-7VTTRPET cq|ls,
suggesting that XIAP exhibited negative against BAK and but
positive effects on Bcl2 under serum starvation which might
possibly trigger higher levels of necroptosis (Figs. 4C and 4D).

It is also well known that Bcl2 strongly affects the intra-
cellular ROS level (Aharoni-Simon et al., 2016). Thus, the
effect of TRIP-Br1/XIAP on cellular ROS level was assessed.
The ROS level greatly increased in MCF-7*°™"E 5t 24 h after
treatment with siXIAP whereas it was slightly increased in
MCF-7"TT8" treated with siXIAP (Fig. 4E). However, ROS
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level was decreased ~50% after 48 h of treatment probably
due to cell death (Fig. 4E). These data strongly suggest that
necroptosis suppression by TRIP-Br1 via repression of ROS
levels is greatly enhanced by XIAP under serum starvation.

We showed that up-regulated TRIP-Br1 inhibited the re-
lease of CypD into cytosol and and abrogated necroptosis.
Subsequently, the CypD levels in mitochondria and cytosol
were also evaluated after silencing XIAP in MCF-7"TTRIP8
and MCF-7T™"#" calls (Figs. 4F and 4G). Our western blot
analysis showed that release of CypD protein was significantly
increased in the cytosol of MCF-7*™"%" calls with following
XIAP gene silencing compared with that the expression in the
cytosol of MCF-7VT® cells with silenced XIAP (Figs. 4F and
4@G). This result suggests that XIAP enhanced the inhibitory
effect of TRIP-Br1 on necroptosis by interfering with the re-
lease of CypD into cytosol.

The induction of both necroptosis and apoptosis was de-
termined by confocal microscopy, in which 7-AAD and An-
nexin V staining were used to detect necroptosis and apop-
tosis, respectively (Fig. 5). Both cell lines showed strong fluo-
rescence signals of 7-AAD and slight staining of Annexin V,
indicating predominant induction of necroptosis rather than
apoptosis in MCF-7 cells (Fig. 5). Taken together, our data
indicate that XIAP enhanced the inhibitory effect of TRIP-Br1
on necroptosis under serum starvation. In addition, TRIP-Br1/
XIAP suppressed necroptosis at least partly by suppressing
cellular ROS levels and the release of CypD into cytosol under
serum starvation.

TRIP-Br1 inhibits shikonin-mediated necroptosis but not
TNF-o-mediated necroptosis

In an extended study, we tested whether TRIP-Br1 also sup-
pressed necroptosis in response to other types of necropto-
sis inducers such as TNF-a and shikonin. Currently, TNF-a.
combined with caspase inhibitors and IAP inhibitors is widely
used as classical necroptosis inducer (Cai et al., 2014, He et
al., 2009; Moriwaki et al., 2015; Wang et al., 2014). Similar
to results under serum starvation, TRIP-Br1 was also elevated
in MCF-7 cells but not in HT-29 colon cancer cells. The HT-
29 cell line was used as a control because this cell line has
complete necroptotic machinery including RIP3 and MLKL.
The XIAP level was found to be stable in MCF-7"TT""E" cells,
The combined treatment of TNF-a, zZVAD-fmk, and Smac mi-
metic efficiently induced necroptosis of HT-29 colon cancer
cells whereas no sign of necroptosis was detected in MCF-7
cells when cells were subjected to the same treatment (Figs.
6A and 6B). These results are consistent with other studies,
suggesting that MCF-7 is strongly resistant to TNF-o treat-
ment. In HT-29 cells, the RIP3 expression level was increased
after TNF-a treatment and accordingly, the phosphorylation
of MLKL was also increased (Figs. 6A and 6B). However,
no RIP3 or no MLKL phosphorylation was detected in MCF-
7 cells (Figs. 6A and 6B). These data also suggest that
TNF-a-mediated necroptosis requires necroptotic mediators
such as RIP3 and MLKL.

Next, we used another necroptosis-inducing agent shi-
konin to treat MCF-7 cells. He et al. (2009) have suggested
that the combined treatment of TNF-a, ZVAD-fmk, and Smac
mimetic agents is not effective against MCF-7 cells. However,
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Fig. 5. Negative effect of TRIP-Br1/XIAP on necroptosis and apoptosis. (A) Cells (2 x 10°) were cultured in complete media for 24 h after
seeding 2 x 10° cells into a 35-mm confocal dish. Resulting cells were transiently transfected with siXIAP, using scRNA as a non-silencing
control and incubated in media without serum (SS) for 24 h. Cells were observed under confocal microscope (magnification, x200)
after staining with Annexin V-EnzoGold (enhanced Cyanine-3) to detect apoptotic cells labeled yellow and necroptotic cells stained with
7-Aminoactinomycin D (7-AAD) were detectedin red as described in Materials and Methods section. (B) Results were semi-quantified using
Image). Data are presented as mean * SD based on three independent experiments.

Han et al. (2007) have proposed that a naturally occurring
compound such as shikonin induces necroptosis in MCF-
7 cells despite the lack of RIP3. Therefore, we analyzed the
effect of TRIP-Br1 on shikonin-mediated necroptosis in MCF-
7 cells. Exportation of CypA occurred in both MCF-7"T TR
and MCF-7¥0T""® cq|| lines after treatment with 50 or 100
uM of shikonin, in which a relatively higher level of CypA
exportation was detected in MCF-7*0™"®" calls (Figs. 6C and
6D). These data indicate that shikonin induced necroptosis
of MCF-7 cells, and MCF-7°™"®" cells were strongly sensi-
tive to shikonin compared with MCF-7"T™"®" cells. These
data strongly suggest that MCF-7 cells are highly resistant
to TNF-o, but sensitive to shikonin. In addition, TRIP-Br1 re-
pressed serum-starved or shikonin-induced necroptosis, but
not TNF-a-mediated necroptosis, strongly suggesting the
presence of another pathway for necroptosis in response to
different types of stress or stimuli.

DISCUSSION

A major challenge in cancer treatment involves the resistance
of cancer cells to cell death, especially apoptosis. Therefore,
we tried to trigger necroptosis as an alternative to cell death
besides apoptosis. Understanding the necroptotic mech-
anism, especially the similarities and differences between
apoptosis and necroptosis, may provide valuable insights into
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the design and development of effective cancer therapies. In
this study, we described a novel inhibitory role of TRIP-Br1/
XIAP in necroptosis under nutrient/serum starvation.

Other research groups in addition to our data showed that
MCF-7 cells were highly resistant to necroptosis and apop-
tosis in response to necroptosis-inducing stresses, possibly
due to the absence of a key protein in necroptotic machinery
(e.g., RIP3 for necroptosis). The RIP1-RIP3-MLKL machinery,
a core signaling pathway in necroptosis, is considered an
important tumor suppression mechanism and inhibitor of
cancer progression (Cai et al., 2014, He et al., 2009; Moriwa-
kietal, 2015; Wang et al., 2014). Thus, cancer cells appear
to enhance tumorigenesis by suppressing necroptosis via
down-regulation or induction of functional mutations in RIP3
and MLKL genes. Moriwaki et al. (2015) have proposed that
RIP1 expression level is decreased only in a few cancer cells
whereas RIP3 expression is down-regulated in numerous
cancer cells. For example, Hela cervical cancer cells are well-
known for their resistance to necroptosis. They express nor-
mal levels of RIP1 without expressing RIP3 (Su et al., 2016;
Wang et al., 2012). Other research groups in addition to our
data also showed the lack of MLKL phosphorylation probably
due to the absence of RIP3 in MCF-7 cells. However, our data
also showed that necroptosis was induced in MCF-7 cells in
response to serum starvation. Therefore, elucidation of the
mechanism of necroptosis in these cancer cells without acti-
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Fig. 6. Effect of TRIP-Br1 on necroptosis of MCF-7 cells in response to other necroptosis inducing agents (TNF-¢. and shikonin). (A) To
induce necroptosis without apoptosis, HT-29 and MCF-7 cells (1 x 10°) were grown in complete growth media, followed by treatment with
100 ng/ml TNF-q. for 24 h and 48 h along with 20 pM zVAD-fmk and 100 uM of Smac mimetic as caspase inhibitor and IAP antagonizer,
respectively. HT-29 colon cancer cells served as control to determine the efficiency of necroptosis induction. After the indicated time periods,
cells were collected and subjected to western blot. All experiments were performed independently at least in triplicate. Representative data
are shown. (B) Western blot results were quantified using ImageJ program. Data are presented as mean * SD based on three independent
experiments. *P < 0.05. (C) MCF-7 cells (1 x 10°) were treated with shikonin, a specific necroptosis inducer of MCF-7 cells, at different
concentrations (0, 25, 50, and 100 uM) of shikonin for 24 h. Cells were collected and subjected to western blot analysis. (D) Western blot
results were quantified by using Image) program. Data are presented as mean = SD based on three independent experiments. *P < 0.05.

vation of RIP3 or MLKL as key components is of great interest.
Our data showed that MCF-7 cell line exhibited robust resis-
tance to necroptosis in response to TNF-a treatment, which
might be associated with altered subcellular localization of
p21CIP1 and p27KIP1 (Wang et al., 2005). Cells lacking RIP3
use different pathways and regulators for necroptosis. A key
factor may be cellular ROS level. He et al. (2009) have sug-
gested that ROS scavengers have no effect on TNF-o with
zVAD-fmk and Smac mimetic induced necroptosis in HT-29,
suggesting that ROS are not involved in necroptosis of HT-29
(He et al., 2009; Marshall and Baines, 2014). However, our
study showed that ROS was highly involved in serum starva-
tion-induced necroptosis in MCF-7 cells, in which TRIP-Br1/
XIAP inhibited necroptosis by suppressing cellular ROS level.
Our previous and current data showed that TRIP-Br1/
XIAP inhibited both necroptosis and apoptosis (Jung et al.,
2015), and possibly regulated RIP1 stability. RIP1 is initially
polyubiquitinylated with Lys63-linked chains by clAP E3 ligase
within the complex | after recruitment to the membrane. The
modified RIP1 serves as a signaling platform for the activation
of nuclear factor-kappaB (NFkB) and inhibits caspase8 cleav-
age, eventually resulting in cell survival instead of inducing

apoptosis or necroptosis (Newton and Manning, 2016). XIAP
is an E3 ligase belonging to the IAP family and is necessary
for ubiquitination. Therefore, TRIP-Br1/XIAP inhibit apoptosis
and necroptosis by regulating RIP1 ubiquitination.

Our previous data showed that TRIP-Br1 stabilized XIAP
and inhibited apoposis (Hong et al., 2009). The current study
also showed that TRIP-Br1 level was significantly reduced
when XIAP was silenced in cells (Fig. 4C). Thus, XIAP en-
hance TRIP-Br1 stability directly or indirectly, via unknown
mechanism. A previous study showed that PKC phosphory-
lated XIAP at Ser87 residues and PKB was associated with cell
survival and protection againt apoptosis (Dan et al., 2004,
Kato et al., 2011). Interestingly, our data showed that XIAP
phosphorylation was higher in MCF-7"T"™"® cells than in
MCF-7**TB cells under serum starvation. Therefore, TRIP-
Br1 may positively regulate XIAP phosphorylation at Ser87 by
modulating PKC and AKT espression. The precise mechanism
underlying the effect of TRIP-Br1 and pXIAP remains unclear,
underscoring the need for further investigation.

Various types of cell death include apoptosis, caspase-inde-
pendent apoptosis, autophagy-mediated cell death, necro-
ptosis, anoikis, entosis, paraptosis, pyroptosis, ferroptosis,
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Fig. 7. Summary model. Among the various biological functions of TRIP-Br1 and XIAP in cancer cells, current data suggest that TRIP-Br1
and XIAP inhibit necroptosis by regulating the mitochondrial function. The present study showed that a substantially higher level of TRIP-
Br1 was detected in apoptosis resistant MCF-7 breast cancer cells under nutrient starved, serum deficiency, and overcrowded conditions.
XIAP was further stabilized and XIAP activity was enhanced in MCF-7 cells carrying wild type TRIP-Br1, in which necroptosis was greatly
suppressed in response to serum starved condition. Serum starvation-induced TRIP-Br1 accumulated in the mitochondrial matrix and inhibited
necroptosis by reducing ROS generation, suppressing CypD exportation into cytosol, repressing BAX expression, and inducing Bcl2 expression.
XIAP levels strongly enhanced this effect. We propose a plausible model suggesting that TRIP-Br1/XIAP is an attractive target to trigger
necroptosis for efficient killing of cancer cells under low-nutrient conditions, especially in apoptosis-resistant cancer cells such as MCF-7 cells
that lack apoptosis and necroptosis machineries. This study suggest that treatment with a necroptotic inducer represents an alternative to

chemotherapy in the management of drug resistant cancer.

mitotic catastrophe, and efferocytosis. In addition, mitochon-
dria are strongly involved in most of these types of cell death.
Based on the role of TRIP-Br1 in necroptosis and apoptosis
and the presence of TRIP-Br1 in mitochondria, it is plausible
that TRIP-Br1 regulates several types of cell deaths. A majority
of studies investigated the role of XIAP in apoptosis, but not
in necroptosis. Our study showed that silencing XIAP acceler-
ated necroptosis. Therefore, it is interesting to determine the
mechanism underlying the regulatory role of TRIP-Br1/XIAP
in response to different stresses and stimuli (e.g., anti-cancer
drug, hypoxia, pH, and temperature) as well as nutrient star-
vation.

In conclusion, this study demonstrated that TRIP-Br1 and
XIAP act as onco-proteins by suppressing necroptosis of
cancer cells under nutrient/serum starvation (Fig. 7). Con-
sidering the strong inhibitory role of TRIP-Br1/XIAP in serum
starvation-mediated necroptosis of cancer cells highly resis-
tant to apoptosis and necroptosis, targeting TRIP-Br1/XIAP
represents an alternative strategy of necroptosis activation
in cancer cells and can be potential targets in both cancer
diagnosis and cancer therapy. Elucidation of its mechanism
provides promising therapeutic targets for cancer treatment.
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