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OPEN FADD regulates NF-xB activation
~and promotes ubiquitination of
cFLIP, to induce apoptosis
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Publshed: 18 March 702 | TUmor Necrosis Factor-c canonically induces the activation of NF-xB and associsted gene product
¢ pellular FLICE-like inhibitory protein (cFLIP) to promote cell survival. Previously, we demonstrated
\ that ectopic expression of the Fas associated death domain (FADD) diminishes the expression of
: ¢FLIP, and transduces caspases-8 mediated apoptosis, independent of FasL stimulation in HEK 283T
¢ pells. However, the underlying molecular mechanism of FADD mediated ablation of ¢FLIP and NF-=B
: signaling to determining the fate of cell death or survival remaing elusive. Here, we explored a novel
: mobecular mechanism of FADD mediated apoptotic cell death that was directed by ubiquitination of
: ¢FLIP, and inhibition of NF-<B activation, independent of TNF-o stimulation. We found that induced
| expression of FADD firmly interacts with procaspase-B and precludes cFLIP, ta from the death inducing
: signaling complex (DISC). In addition, FADD negatively regulates cellular inhibitor of apoptosis
! protein 2 (clAP2) and Bel-2. Furthermore, FADD restrains clAP2 expression and interacts with RIP1
: and procaspase-8 to sccomplish apoptotic cell death signaling. Interestingly, FADD was akso found
: to promote JNKL mediated activation of E3 ubiquitin ligase TCH to degrade cFLIP, that may lead to
| commencement of apoptosis. Thus, FADD is an important regulator for determining the fate of cell
: death or survival.

: Fas associated death domain (FADD] is a pivotal sigraling component of death receptor (['R) mediated apopto-
sis. [VEx such as Fas (CD95fApo) and tomor necrosis factor receptor | { THFEL) (pS50C0 1 20a), belongs to the
: THF receptor super family that contain cytoplasmic death domain {D0) o execute downstream signal tramss
¢ duction’. Upon binding of ligand to the cell surface receptors, the DI of cell surface receptor homophilically
: imteracts with the DD of FADD and induces cligomerization of DED (death effector domain) of FADD with
: apical caspases such as, pracaspase /10 to form a death-inducing signaling complex (DISCY. In the down=
¢ stream, DISC facilitates processing and catalytic activation of caspases-8/10 to transduces downstream signaling
of apoptosis®. Hmﬁ:cﬂ:]ﬂmmmofcupm-ﬂﬂﬂhubmmpn&pnphlndbfﬂwmwmc
¢ protein Cellular Flice like inhibitory protein (cFLIP) to abrogate apoptotic instigation®. Although FADD isa
¢ multifunctional protein and its Fas ligand mediated proapoptotic fanction has been well studied™. However, the
: cellalar éynamics of FADD and cFLIP in the regulation of cell death and survival by THFR signaling remains
: elusive. TNF receptor [THFR) signaling elicits both non-apoptotic and apoptotic response by the formation of
' two sequential complexes depending upon the stimalation of the THF=n. The components of complex | consti=
¢ tabed with TRADD, TRAF2, cIAPs and RIP] activates NF-r B sigraling for promoting cell survival. However, the
! subsequent dissaciation of RIP] from complex | and association with FADD and procaspase-8 initiates forma-
! tion of pro-apoptotic complex 1T that sabstantiates apoptotic cell death™. Although, THFen augments the acti=
: vation of transcription factor NF-x B in tumaor cells and promaotes cell proliferation by impeding apoptosis®, The
¢ TNF-n-induced NF-=B activation confers upregulation of several anti-apopeotic genes such as Bel-xl, A1/Efl-1,
U [l AP}, Xechromosomeslinked LAP ( XTAP; also known as hTLP) and cFLIPS-1L Sl.lrpu"ui.ng}p.. upregulation of
¢ cFLIP, aleo provides strength to THWFRI signaling for stability of complex [ formation and constitutive NF=-xB
: activation abong with cell proliferation and survival®". Indeed, the constitutive activation of NFex B suppresses
: immune surveillance in both adaptive and innate response and supports tumorigeness, cancer chemoresistance
and chronic inflammation'*'*. Moreover, the growth and cell survival connecting signaling pathways such as
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Expression of cFLIP, Determines the Basal Interaction of
Bcl-2 With Beclin-1 and Regulates p53 Dependent
Ubiquitination of Beclin-1 During Autophagic Stress
Kishu Ranjan and Chandramani Pathak*

Department aof Cell Biology, School of Biolagical Sciences and Biotechnology, Indian Institute of Advanced Research,
Kaba Institutional Areq, Gandkinagar, Gujarat 382007, India

ABSTRACT

Autophagy and apopioss are two different physSological processes, which is required for the maintenance of cellular homeostasis. The
apoplosis asociited profeins such as Bol-2 and p53 have a dlow association with autophagic proteins HMGE! and Beclin-1 1o modulate
autophagic signaling. We demonstrate here the involvement of anti-apoptolic protein cfLIP, in the regulation of sutophagy during celhular
stress. We found that ectopic expression of cFLIFy decreases the sensitivity of HEK 293T oells against rapamycin and HpOs induced autophagic
stress. Notably, the selective knockdown of ofFLIP, augments autophagic stress in the cells accompanied with JTNE1 aciivation and p53
dependent uhiguitination of Beclin- 1. Howewer, re-expression of oFLIP in oF LIF knockdown cells restores autophagic equilibrium collectively
with reversible effects on INK 1 and Beclin-1 integrity. The co-immunoprecipitation analyss suggests that cFLIP; & essential 1o maintain the
cananical interaction of Bol-2 with Beclin-1 to regulate autophagic stress and cell death. Altogether, our indings suggest that expression of
cfFLIP, regulates the basal inferaction of Bel-2 with Beclin-1 and substantiates p53 dependent ubiquitination of Beclin-1 during autophagic

stress 1o defermine the [ate of cell death or survival. L Cell. Biochem. %99%: 1-12, 2006, @ 31015 Wiley Periodicals, Inc

KEY WORDS: crur; AUTOPHAGYT; APOPTOSIS; OXIDATIVE STRESS; UEKATIIRATION

Amnphag}- is an evolutionarily conserved process in multi-
oellular organism to maintain cellular homenstasis. Autoph-
agy gemerally refemed o as “self-eating”™ process that tends 1o
remave the unwanted cytosolic constituents and tmnsporing them
o the lysosome. Basal level of awtophagy bhelps o maintain
homeostasis in normal condition, while during stress antophagy also
supports cell survival [Bergamini et al, 2004; Levine and Klionsky,
2004]. Consequently, a delects in autophagy has been associated
with various diseases, including neurndegenemtive disonder, diabe-
tex, aging infeclion, autpimmunity, and cancer [Levine and
Kroemer, 2008; Livesey et al., 2009; Choi et al,, IﬁlJI. In the setling
al cancer, the cylopmlective process of aulophagy mitigates the
induction of apoplosis {type | cell death) to enhance tumor cell
growth [Duyang et al, 2002]. Indeed, the process of auwlophagy
initiates with the formation of a double—membramne strecture known
a5 the anlophagosome that engulfs the toxic cellular components

and subsequently degrade them by using lysosomal machinery
[Mizushima el al, 2000]. However, the formation of excessdve
autophagosomes may induce cell death (gype 11 cell death) [Kuma
el al., 2004; Youseh et al., 2006]. The cellular process of autophagy
and apoplosis are critically regulated by varbous sets ol gene
respansible far cell death and survival [Levine and Yuan, 2005). For
instance, the interaction between anti-apoptolic protein Bel-2 and
the autophagic protein Beclin-1 regulates the fommation ol
autpphagosome during autophagic stress [Pattingre et al, 20056;
Alaiu et al, 2007 ; Oberdein ef al, JIII?]. The interaction of Bel-2
with Beclin-1 get dissociated during stress indwoed cellular response
[Pattingre et al, 2006; Marguez and Xu, 2012). Althowgh, some
earlier reports advocate thal during stress condition the nuclear
binding protein HMGE | tanslocates to the cytosol and diEsociates
Bel-2 from Beclin-1 to sustain autophagy [Kang et al, 2010; Tang
el al., 2010a]. However, the invelvement of anti-apoptotic regulatars
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Apoptotic potential of Fas-associated death domain
on regulation of cell death regulatory protein cFLIP
and death receptor mediated apoptosis in HEK 293T cells

Kishu Ranjan « Avadhesha Surolia
Chandramani Pathak
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Abstract Fas-associated death domain (FADD) is a common
adaptor molecule which plays an important role in transduc-
tion of death receptor mediated apoptosis. The FADD pro-
vides DED motif for binding to both procaspase-8 and cFLIP
molecules which executes death receptor mediated apopeosis.
Dysregulated expression of FADD and ¢FLIP may contribute
to inhibition of apoptosis and promote cell survival in cancer.
Moreover elevated intracellular level of ¢FLIP competitively
excludes the binding of procaspase-8 to the death effector
domain (DED) of FADD at the DISC to block the activation
of death receptor signaling required for apoptosis. Increasing
evidence shows that defects in FADD protein expression are
associated with progression of malignancies and resistance to
apoptosis. Therefore, improved expression and function of
FADD may provide new paradigms for regulation of cell
proliferation and survival in cancer. In the present study, we
have examined the potential of FADD in induction of apopto-
sis by overexpression of FADD in HEK 293T cells and
validated further its consequences on the expression of pro
and anti-apoptotic proteins besides initiation of death receptor
mediated signaling. We have found deficient expression of
FADD and elevated expression of cFLIP, in HEK 293T cells.
Our results demonstrate that over expression of FADD attenu-
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ates the expression of anti-apoptotic protein cFLIP and acti-
vates the cascade of extrinsic caspases to execution of
apopeosis in HEK 2937 cells.

Keywords Apoptosis - Fas tated death domain

(FADD) - ¢FLIP - Death receptor mediated apoptosis

Abbreviations

DED Death Effector Domain

DISC Death-Inducing Signaling Complex

c¢FLIP  Cellular fas-associated death domain-like
interleukin-1-f- converting enzyme-inhibitory
protein

CHX Cycloheximide

CD95L CD 95 ligand

Introduction

Apoptosis is 2 programmed mechanism of cell death that is
essential for proper embryonic development and tissue ho-
meostasis. Apoptosis is mainly triggered by activation of
caspases through complex signaling, which include death
receptor (extrinsic) and mitochondrial dependent (intrinsic)
(Taylor et al. 2008; Vaux et al. 1994). The death receptor
mediated apoptosis is initiated by binding of death inducing
signals to their cognate receptors at the cell surface which
trigger the signals for activation of mitiator and effector
caspases for cell death (Holler et al. 2003). The death
receptor mediated apoptosis is mainly contributed by group
of receptors like CD9S, TRAIL-R] and TRAIL-R2 which
belongs to the tumor necrosis factor-1 (TNF-1) receptor
superfamily-1. These receptors have a characteristic death
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Regulation of HA14-1 Mediated Oxidative Stress,
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Abstract

An alteration in suscaptibility to apoptosis not only contributes 1o
promaotion of mallgnancy but can also enhance drug resistance in
response to anticancer theraples. HA14-1 iz a small moleculs
which has the potential of inducing apoptosis in cancerous cells.
HA14-1 manifests an antegonistic effect on antiapoptotic protein
Bel-2 and consequently induces cell death in varlous cancerous
cell lines. Howewver, it I also known to ganerate ROS and toxie
response in the cells upon decomposition. Elevated level of ROS
is responsible for oxidative stress and other pathological conse-
guences, If not metabolized properly. The alm of the presemt
study was 1o examine the synergistie effect of curcumin in pro-

Keywords: curcumin; HAT4-1; ROS: cytoloxicity; oxidative stress;
autophagy; apomosis

& 2013 international Uinion of Biochemisiry and Molecular Siokogy, inc.
Voiurme 000, Mumber 000, Monthfidanth 2013, Pages 000-000
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mioting apoptosis by regulating the HA14-1 mediated ROS gener-
ation, toxicity, oxidative stress, and autophagy B human
embryonic kidney cells. Our study demonsirates that curcumin
efficlently scavenges HA14-1 mediated generation of ROS and
toxie response resulting in augmentation of apoptosis in HEK
2937 cells by promoting Inhibition of antiepoptotic proteins and
process of autophegy. Thus curcumin along with HA14-1 regu-
lates cell proliferation by disruption of the antlapoptotic signaling
mechaniam. This approsch could serve as a promising strategy
for therapeutic potentlal to overcome thelr adverse effects.
© 2013 BioFactors, 00(00):000-000, 2013

1. Introduction

Apaptosis s one of the most important mechanism of eell death.
Alteration in apoptosis not enly contributes to the promotion of
mallgnaney but can also enhanee drog reslstance n response o
antlcancer theraples [1]. Over the last decade, major attention
has been focused on the regulation of apoptosls during varlous
pathological conditions.  Ethyl-2-amino-f-bromo-4-(1-cyams-2-
ethoxy-2-oxoethyll-<4H-chromene- 3-carboogylate (HA14-10, B a
small cell permeable organie molecule that exhibits antiprolifera-
tive potentlal [2—4]. HA14-1. alone or in combination with other
antlcancer agents have been shown to Induce apoptosis effec-
tively in different types of cancer cells [5].

HA14-1 induces apoptosis by inhibiting Bel-2 functlon [6].
It acts by inhibiting the Bel-2Bax Interaction, resulting in the
loss of mitochondrial membrane potentlal and leading to an



