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ABSTRACT

The treatment of tumor metastasis is an extraordinary challenge for clinicians and patients. Although the focus of the therapeutic
strategy is mainly limited to that problem, a number of unsuspected adverse events are associated with the current therapies.
Accordingly, the efficiency and limitation of tumor therapeutics are governed by a set of tightly regulated pattern of molecular
mechanisms, whose activation or inhibition is mediated by either unique or interacting intracellular signal pathways. These signaling
pathways are responsible for the modulation of various cellular functions, including cell death and survival. The imbalance between
pro- and anti-survival pathways determines whether cells die or survive. Thus, the development of an efficient therapeutic approach,
based on targeting the aberrant signaling pathways, is thought to be a relevant strategy for cancer treatment. In the present review, we
will focus on the functional role of intracellular signaling pathways as a target for tumor therapy.
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Introduction

The successful eradication of any tumor requires a therapeutic
approach that has the potential to kill differentiated cancer cells
and to eradicate cancer initiating cells [1, 2]. Although the
available therapies, which include chemotherapy, radiation
therapy and immunotherapy, can successfully kill rapidly
growing and differentiated tumor cells, their ability to eradicate
cancer-initiating cells is obtuse [3]. Therapeutic approaches that
only target differentiated cancer cells and fail to eradicate cancer
initiating cells results in the development of more aggressive
tumor cell populations and ultimately in a relapse [4-6].
Therefore, an efficient medicationmust have the potential to kill
both differentiated cancer cell and cancer-initiating cells without
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impairing normal cells. Unlike normal cells, cancer cells clearly
have a complex pathogenesis with the ability to reconstruct
crosstalk and redundancy among the signaling pathways [7, 8].
In this context, therapeutic strategies based on targeting a
single molecule or single pathway may have a limited benefit
for patients. Therefore, a combination of therapies may be the
best therapeutic strategy to inhibit pathways controlling tumor
growth and survival. Accumulating evidence indicates that
therapeutic modalites-induced phenotypic dysfunction elicit
both pro- and anti-apoptotic responses that, in turn, affect the
capacity of cancer cells to engage in catabolic processes such as
senescence, apoptosis, postmitotic death, and autophagy [9-12].

Based on preclinical events and compared to other targeted
therapeutics, therapeutic approaches targeting the aberrant
signal pathways provide specific advantages to cancer patients,
since these signal pathways are often upregulated in cancer cells
as compared to normal cells [13]. For example, in cancer cells,
the pro-apoptotic factors are inactivated and their
downregulation is usually combined with upregulation of anti-
apoptotic proteins, a mechanism that enables cancer cells to be
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more resistant to standard treatment [14,15]. Thus, targeting the
pathways of proto-oncogenes, whose activation is tumor-
specific, such as fms, a receptor tyrosine kinase, that is
characteristic to leukemia [16,17], is considered a relevant target
for tumor treatment. Therapeutic approaches targeting such
pathways will be harmful for cancer cell rather than toxic for
normal cells. Cellular factors that can selectively inhibit
apoptotic pathways besides their ability to enhance the function
of the pro-survival pathways, may present a promising
therapeutic strartegy via increasing tumor sensitization to anti-
cancer agents. Also, targeting factors that are implicated in the
regulation of the crosstalk between pro-and anti-apoptotic
pathways or even those involved in the regulation of the
crosstalk between apoptotic and autophagic pathways is a
relevant therapeutic strategy. Since these pathways are
functionally working in tumor cells and thought to be viable
target for tumor treatment.

Therapeutic Strategy Based on the
Inhibition of Survival Pathways

The identification and elucidation of signaling pathways
responsible for tumor growth and progression such as, RAS/
RAF/MEK/ERK or PI3K/AKT/mTOR, has thrown up
promising molecular targets for tumor treatment. Sseveral
reports have demonstrated that the PI3K/AKT/mTOR and
RAS/RAF/MEK/ERK pathways are often activated in cancer,
and their components are either frequently mutated or altered
[18,19]. A wide range of small-molecule inhibitors can be
applied, in clinical utilization, based on their ability to block the
above mentioned components of pathways and thereby inhibit
their function. These observations present a significant
molecular targets for the development of an expanding range of
small-molecule inhibitors that can functionally block the
various components of tumor associated pathways.

Anti-cancer Agents with Potential to
Target MAPK/ERK Pathway

Mitogen Activated Protein Kinase (MAPK) is a signal
transduction pathway, whose activation can be mediated by
growth factor receptors such as, hepatocyte growth (HGF)/
scatter factor (SF), insulin growth factor (IGF), and epidermal
growth factor (EGF). These pathways are mainly involved in the
regulation of cellular events including, cell growth and
proliferation [20,21]. Accumulated evidence over the last few
decades has demonstrated that MAPKSs play an important role
in tumor development and progression [22,23]. For example,
Ras- extracellular signalling kinase (ERK) pathway is generally
targeted by growth factors or activating mutations [24,25]. In
different tumor types, RAS mutations is a marker for an early
oncogenic events [26-28]. Thus, the dysregulation of Ras- ERK
pathway can alter the expression of multiple genes regulating
different cellular processes such as, cell cycle regulation,
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differentiation, proliferation, survival, migration, and
angiogenesis [29-31]. Accordingly, the activation of ERK1/2
pathway in tumor cells in response to active mutations in the
kinase domain of Ras-Raf signaling, can enhance cell
proliferation, a tumor protective mechanism to escape from
apoptotic cell death [32-34]. Thus, inhibition of Ras activation
may increase the chemotherapeutic sensitivty of tumor cells
bearing endogenous Ras mutation [35-37]. More important,
the activation of ERK can increase the resistance to anti-cancer
agents in different tumor types [38-40]. The activation of the
MAPK signalling pathway is generally associated with the
alteration of the expression of several proteins involved mainly
in the regulation of different cellular functions including cell
adhesion and motality, differentiation as well as proliferation.

The initial attempts to block Ras activity met with more failures
rather than successes, particularly, in G1 phase malignancies.
However, the inhibition of farnesylation was successful in
Ras activity [41,42]. Farnesylation is a post-
translational modification resulting in the addition of a 15

decreasing

carbon group, a mechanism that is critical to Ras function
[41,42]). Several Ras inhibitors such as, farnesyl transfer
inhibitor (FTI) and Lonafarnib showed a therapeutic effects on
tumor growth [43]. As reported in several studies the inhibition
of farnesylation by FTI is suggested to be sufficient to block
Ras-dependent cell signalling and to initiate tumor cell
transformation [44]. Based on the central role of RAS/RAF/
MEK/ERK pathway in tumor development and progression as
reported[43], targeting RAS/RAF/MEK/ERK pathway by
farnesyl transferase inhibitors is considered a therapeutic
strategy for tumor treatment[43]. The combination of different
FTIs with standard chemotherapy such as, Sorafenib (Bay
43-9006), small-molecule inhibitor of A-Raf, VEGF receptor
(VEGFR)-2, VEGFR-3, platelet-derived growth factor receptor
(PDGFR)-3, Flt3, and oKIT, has been proven in a large
number of clinical studies for their therapeutic reliability

[45,46].

Activation of MAP kinases ERK1/ERK2 by anti-cancer agents
depends on the cell type, the expression level of growth factor
receptors [47-49]. The inactivation of MEK1/2 results in the
inhibition of ERK1/2 that, in turn, leades to the enhancement
of the killing efficiency of anti-cancer agents [50,51].
Accumulated evidence revealed that the inhibition of ERK1/2
prior to the treatment sensitizes tumor cells to
chemotherapeutic agents [38,52]. Clinical approaches like the
small-molecule inhibitor of MEK1/2 (CI-1040) confirmed its
potenial in suppressing MAPK phosphorylation in tumor cells
[53,54]. Accordingly, several MEK inhibitors that have been
investigated for their clinical relevance, these include
Trametinib, Selumetinib, GDC-0973, BAY 86-9766,
Pimasertib, PD325901 and CI-1040(55,56]. Also, their
common toxicity including, rash and/or dermatitis acneiform,
diarrhea, peripheral edema, and fatigue has been addressed
[55,56]. To that end, the inhibition of cell growth by targeting
MAP kinase signaling pathways is considered a promising
approach for cancer treatment. Figure 1 demonstrates some of
the inhibitory compounds, which have been proven to block
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Figure 1: Targeted therapies currently available or under clinical investigation for tumor treatment, and the molecular targets on which, they are
thought to be functional. EGF, epidermal growth factor; EGFR, EGF receptor; PDGFR, platelet-derived growth factor, PDGFR;, PDGF receptor;
HGF, hepatocyte growth factor; hepatocyte growth factor receptor, cMet, IGF, insulinlike growth factor; IGF receptor, IGFR; VEGF, vascular
endothelial growth factor; VEGFR, VEGF receptor; RAS, prototypical member of the RAS superfamily of proteins, activation of RAS signaling

causes cell growth, differentiation and survival;, RAF, a MAP kinase kinase kinase(MAP3K) that functions in the MAPK/ extracellu

lar-signal

regulated kinase (ERK) signal transduction pathway; a serine/threonine-specific kinase.

specific MAP kinase signaling proteins and may be relevant in a
clinical application.

Anti-cancer Agents Targeting PI3K/
Akt Pathway

The activation of the PI3K pathway can be mediated via
different extracelluar signals by the stimulation of membrane
receptors such as, insulin like growth factors (IGF), estrogene
receptor B (erb) as well as integrin receptors [57-62]. Based on
PI3K/Akt
signalling cascade is target for different therapeutic agents
[63-65]. The involvement of PI3K/Akt signalling pathway in the
regulation of angiogenesis, cell cycle control, and G1 phase

its function in the modulation of cell survival,

associated protein such as, cycline D and cycline- dependent
kinases, such as CDK4 has been reported in several studies

[66-68]. Inactivation of PI3K or Akt by small-molecule
inhibitor will increase the sensitivty of tumor cells to
chemotherapeutic agents. Also, the mechanistic target of
Rapmycin (mTOR), the member of Akt pathway is considered
a promising target for tumor therapy. Thus, the inhibition of
mTOR by Rapamycin and RADOOI may enhance the efficiency
of chemotherapeutic agents-induced death of tumor cells
[69,70]. The inhibition of mTOR is associated with cell cycle
arrest that can be mediated by the upregulation of cyclin-
dependent kinase inhibitors such as, p27 leading to the
downregulation of Cyclin D1 [71-73]. Thus, targeting PI3K
pathway by a number of small-molecular inhibitors in cancer
patients, whose tumor harbors the activated PI3K, is
considered a relevant therapeutic for tumor treatment. Also,
targeting the subunits of PI3K pathway such as, pl110 using
either specific chemical inhibitors like 1C486068, 1Y294002,
Wortmanin or by the expression of the mutant p85 can lead to
the enhancement of chemotherapy-induced apoptosis of tumor
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cells [74,75]. The inhibition of Akt function by either the

overexpression of dominant negative Akt, glycogen synthase
kinase-3 (GSK3) or by the inhibitor, ALX-349 has been reported
to overcome tumor resistance to chemotherapy [76-80]. Also,
clinical studies dealing with phase III trails demonstrated that
the inhibition of mTOR can improve the tumor-growth delay
[82-85]. Thus, targeting PI3K/Akt pathway may be a relevant
strategy for tumor treatment. An outline demonstrating the
components of PI3K/Akt signalling pathway in response to the
activation of receptor tyrosine kinases by the corresponding
ligands/agonists as well as drugs targeting mTORCI1 and
mTORC?2 is shown (Figure 2).

VEGF PDGF EGF
IGF @

N W
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Anti-cancer Agents Targeting JAK/
STAT Signaling Pathway

The resistance of tumor cells to available therapetuc modalities
results mainly from abnormal alterations in oncogenic
signaling pathways through both genetic and epigenetic-
mediated mechanisms [86,87]. These signaling pathways are
implicated in the regulation of a number of nuclear
transcription factors that function as final effectors, and
thereby initiate a gene expression pattern leading to the
promotion and progression of cancer [8890]. The most
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Figure 2: Targeting mTOR signaling pathway. The mTOR proteins exist in two protein complexes, namely mTOR complex1(mTORC) [mTOR,
PRAS40, Deptor, and Raptor], and mTOR complex2 (mTORC2) [mTOR, mSIN1, Protor, LSTS8, Deptor, and Rictor]. Feedback inhibition
resulting from sustained suppression of mTORCI signaling triggers the activation of the mTORC2/AKT and ERK1/2 pathways through IRS/
PI3K. Drugs targeting mTORCI, and mMTORCI1/mTORC2 are shown. AKT, protein kinase B; PDK1 3-phosphoinositide-dependent kinasel;
PI3K, phosphoinositide 3-kinase; PIP2, phosphoinositol-2-phosphate; PIP3, phosphoinositol-3-phosphate; PTEN, phosphatase and tensin homolog;

Deptor, domain containing mTOR interacting protein; Raptor, regulatory-associated protein of mTOR; Rictor, Rapamycin-insensive companion of

mTOR.
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discussed pathway among these is the nuclear transcriptional
signal cascade JAK/STAT pathway. The main biological
function of this pathway is the enhancement of cell survival
through mechanism mediated by the increased expression of
anti-apoptotic proteins such as, Bcl-2 and Bcl-X;, as well as the
activation of the pro-inflammatory pathways such as, NF-KB and
IL-6-GPJAK pathway that is mainly associated with tumor
progression and invasion [57,91,92]. The inhibition of STAT
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signaling, particularly STAT3, can lead to tumor-growth delay
and the increase of the sensitivity of different tumor types to
chemotherapy as shown in glioblastoma [93,94] and squamous
cell carcinoma [95,96]. Also, a number of chemical agents have
been reported for their reliability to inhibit JAK/STAT
pathway, such as AG490 [97]. These chemical agents were
found to improve tumor response to the available therapeutic
modalities without any abberant toxicity [98-101]. Also, the
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Figure 3: Signal transducer and activator of transduction 3 (STAT3) signaling. Stat3 is tyrosine phosphorylated by janus kinase (JAK) kinases in
response to cytokine/growth factor activation of cell surface receptors that are known as receptor tyrosine kinases (RTKs), glycoprotein 130 (gp130)
with either interleukin-6 receptor (IL-6R) or soluble IL-6R (sIL-6R). Up on tyrosine phosphorylation (PY), Stat3 dimerizes and localizes to the
nucleus, where it binds to Stat3 responsive elements. Stat3 is also target for serine phosphorylation (PS). Soluble factors that activate Stat3 include,
the IL-6 family of cytokines. Agents to inhibit the Stat3 canonical pathway include targeting JAK (CEP-701, XL019, INCB018424, AZD1480)
and the IL-6/sIL-6R interaction (tocilizumab, CNTO-328). HAT, histone acetyltransferase; HDAC, histone deacetylase; ISRE, interferon

stimulated response element.
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down regulation of STAT1 and STAT?2 by their specific siRNA

can increase the tumor sensitivty to anti-cancer agents in
different tumor types [102,103]. More importantly, the
suppression of JAK/STAT signaling pathway by small-molecule
inhbitors has been shown to be sufficient to trigger cell growth
arrest as well as to induce apoptosis in different tumor types
[104-106], an evidence for the clinical relevance of JAK/STAT
signaling pathway as a target for tumor therapy. JAK/STAT
signalling pathway and its small-molecules inhibitors is outlined
in Figure 3.

Therapeutic Strategy Based on the
promotion of Apoptotic Pathways

Apoptosis is a form of cell death, also referred to as programmed
cell death, in which a ‘suicide’ machinery is activated within the
cell leading to the fragmentation of DNA, shrinkage of the
cytoplasm, membrane changes, and finally, cell death without
any lysis or damage to neighboring cells [107]. The induction of
apoptosis can be mediated by activation of pro-apoptotic
signaling or the inhibition of the anti-apoptotic signaling. The
activation of the pro-apoptotic signaling based on the
stimulation of death receptors by its corresponding ligands,
irrespective of p53 status of the cell, leading to the activation of
effector caspases, and finally, to mitochondria-independent
apoptosis, via mechanism mediated by the extrinsic pathway
[108,109]. Whereas, the other strategy is to trigger apoptotic cell
death through a non-receptor mediated pathway, namely the
intrinsic pathway [110114]. The intrinsic pathway mediates the
intracellular signal transduction processes that act directly on
targets, within the cell, or on those associated with the
mitochondrial dysregulation [111-114]. The activation of the
intrinsic pathway can act in two opposing patterns. One of these
patterns is mediated through the suppression of anti-apoptotic
mechanisms [114], whereas the other one is mediated through
the activation of pro-apoptotic mechanisms [111-114]. Thus,
targeting both extrinsic and intrinsic pathways may be an

attractive target for cancer treatment.

Therapeutic Modalities Targeting
Extrinsic Pathway

The extrinsic apoptosis pathway transmits signals from
extracellular death ligands through the appropriate death
receptors to trigger the apoptotic machinery of the cell [106,
108]. The activation of the extrinsic pathway is initiated by
transmembrane receptor(s) through the ligation to the
corresponding ligand(s) or agonist(s) of interest [106,108]. These
receptors include FasL/FasR, TNF-a/TNFR1, Apo3L/DR3,
Apo2L/DR4, and Apo2L/DRS5 [107]. However, one of the well-

characterized receptors includes the member of the tumor
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necrosis factor (TNF) receptor gene superfamily [115]. These
family members share similar cysteine-rich extracellular
domains in addition to a cytoplasmic death domain [116]. The
main function of the death domain is to transmit the external
death signal from the surface of the cell to the intracellular
signaling pathways. The most successful therapeutic strategy
based on targeting of death receptors, is the combination of
the death receptor agonist TRAIL with conventional and
investigational anti-cancer agents [117,118]. Correspondingly, a
significant synergy for the combination of TRAIL with several
cytotoxic agents has been reported in several studies [119,120].
These include the combination of TRAIL with agents
described for their cytotoxic effect such as, carboplatin,
paclitaxel, doxorubicin, 5-fluorouracil, irinotecan,
camptothecin [121-123]. Also, several agents such as histone
deacetylase (HDAC) inhibitors, rituximab, triterpenoids, and
sorafenib showed a synergistic effect when combined with
TRAIL [124,125]. Furthermore, the sensitization of many
human and animal cell lines by the proteasome inhibitor was
found to enhance TRAIL-induced cell death [126]. More
importantly, the resistance of nontransformed cells to the
combination of bortezomib and TRAIL, when compared with
tumor cells, suggests a therapeutic benefit without any aberrant
toxicity during the course of the treatment [127]. Although the
potency of bortezomib in promotion of TRAIL-induced
apoptosis of tumor cells, the mechanistic role of bortezomib in
the enhancement of TRAIL-mediated effects is not clear.
Generally, the inhibition of proteasome has multiple biological
effects on the cells, since inhibition of the proteasome results
mainly in cell cycle arrest and inactivation of survival pathways
such as, NEKB [128,129]. The inhibition of proteasome
inhibitor can results in the induction of the expression of
death receptors DR4 and DR5 in different tumor types [130],
an evidence for the contribution of bortezomib in the
promotion of the extrinsic signaling pathway of apoptosis.
Thus, the development of agents with the ability to promote or
restore apoptosis via a mechanism mediated by the activation
of the extrinsic pathway has emerged as important therapeutic
modalities for cancer treatment [131,132]. These therapeutic
agents include the recombinant human (rh) Apo2Ll/TRAIL,
dulanermin as well as agonist antibodies directed against death
receptors (DR) 4 and 5, such as conatumumab, Lexatumumab,
Mapatumumab [133-135]. The death receptor agonists are
considered an attractive therapeutic target for tumor treatment
[136,137]. In spite of the expression of death receptors on a
wide variety of normal and tumor cells, most of death receptor
agonists tend to induce apoptosis of tumor cells rather than of
normal cells [138]. The ability of death receptor agonists to
induce apoptosis independent from the status of p53 is an
advantage for death receptor agonists as therapeutic target,
since p53 is frequently either inactivated or mutated in most
tumor types [139, 140]. Accordingly, the crosstalk between
both extrinsic and intrinsic apoptotic pathways and death
receptor agonists can enhance the therapeutic efficiency when
combined with conventional chemotherapeutics that target cell
growth or survival pathways [141,142]. Also, the advantage of
death receptor agonists has been confirmed in a large number
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of preclinical studies yielding promising results [143]. Therefore,
the combination of death receptor agonists and clinically-proved
anti-cancer agents may be an attractive therapeutic strategy for
tumor treatment. Figure 4 demonstrates the induction of
apoptosis by the ligation of death receptors.

Therapeutic Modalities Targeting
Intrinsic Pathway

The intrinsic pathway is a non-receptor mediated pathway and
functions only via mitochondria associated mechanisms [144].
This pathway mediates the intracellular signals that act directly
on targets, within the cell, or on those associated with the
mitochondrial dysregulation [111-114]. The cell intrinsic stress
sensors control the mitochondrial outer membrane
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permeabilization (MOMP) by a mechanism mediated through
the modification of the interaction proteins of Bcl-2 family
[111-114, 145]. Based on the number and the structure of their
Bcl-2-homology domains (designated BH1-4), the Bcl-2 family
members can be organized into three subgroups [146]. The
activation of BH3-Only pro-apoptotic proteins can be mediated
in response to a variable cell stress conditions. Once activated,
the BH3-Only domains promote the oligomerization of the pro-
apoptotic proteins Bax and Bak as well as Noxa in the
mitochondrial outer membrane leading to the loss of
mitochondrial membrane potential (AYm) and subsequently
cell death [11-114,145]. In contrast, the other multi-BH domain
proteins, such as Bcl-2, Bcl-X; and Mcl-1 inhibit MOMP by a
mechanism mediated by the neutralization of pro-apoptotic
family members [147]. Thus, targeting the activation of BH3-
only proteins or the inhibition of multi-BH- proteins by tumor

Figure 4: Apoptosis can be initiated by the death-receptor (extrinsic) pathway that acts through caspase-8 or mitochondrial (intrinsic) pathway that
acts through caspase-9. Also, both extrinsic and intrinsic pathways converge to activate the effector caspase that acts mainly on the death substrates.
Cell death is regulated also by the Bcl2 and inhibitors of (IAP) protein families. Bcl2 proteins mediate apoptosis by the regulation of the
mitochondria permeability transation by inhibiting (Bcl-2 and BclX,) or promoting (Bax and Bid), cytochrome c release, whereas, XIAP proteins act
downstream to prevent processing of initiator caspase-9 from the apoptosome, a supramolecular caspase-activating complex that contains cytochrome ¢

and apoptosis activating factorl.
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therapeutic approaches may be a relevant strategy for tumor
treatment.

Our group and others described the possible molecular
mechanisms of bortezomib-induced effects in tumor cells [112].
The combination of bortezomib with the inhibitors for anti-
apoptotic proteins such as, Bcl-2 or Mcl-1 or inhibitors for
autophagy can improve bortezomib-induced cell death in
melanoma cells [112,148]. One of the signaling pathways that
thought to be a potenial target for bortezomib is the p53
signaling pathway [112]. p53 is a tumor suppressor protein that
is known as a DNA damage-inducible molecule [149,150]. P53
signaling pathway is involved in the suppression of cancer
progression via a mechanism mediated by the induction of cell-
cycle arrest, apoptosis or senescence in response to various
cellular stimuli [151]. The activity of p53 signaling pathway is
regulated by the murine double minute 2 (MDM2) [152]. The
loss of the wild-type p53 (*p53) as well as the mutation of p53
in most human tumors results in the alteration of p53 function
as a positive tumor suppressor factor into a negative regulator
leading to tumor progression rather than tumor suppression
[153]. The ability to restore the function of p53 in tumor cells
can be mediated by various strategies including the ectopic
expression of functional ¥p53 or the reactivation of mutant p53
in tumor cells. These suggested strategies based on the fact that
p53-deficient cells undergo apoptosis or senescence in response
to "p53 gene transfer [154,155]. Also, the rescue of the mutant
p53 function by Small molecules is thought to be a relevant
strategy for tumor treatment. Since the reactivation of mutant
p53 by the small molecules like as PRIMA-1 as well as its
optimized form PRIMA-1Met were found to induce massive
apoptosis in tumor cells with certain p53 mutation or those
harboring various versions of mutations in the DNA-binding
domain [156,157]. Thus, targeting mutant p53 by the
reactivation of the mutant p53 in tumor cells may be a
promising strategy for tumor treatment. Also, a tumor
therapeutic strategy based on targeting p53:MDM?2 interaction
using several anticancer agents such as, sulphonamide
compounds [158] and nutlins [159,160]. These therapeutic
modalities have been early clinical trials for treatment of

patients with solid tumors and haematological malignancies.

Therapeutic Strategy Based on the
Crosstalk Between Pro- And Anti-
Apoptotic Pathways

Despite the induction of many biological effects on both cell
and tissue levels, in response to various therapeutic agents,

which can be divided into pro- and anti-apoptotic effects, the
signal transduction pathways in tumor cells contain multi-

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

proteins and multi-linked pathways [161,162]. Generally, the
activation of many signaling pathways demonstrates multi-
interaction and cross function, an evidence for the crosstalk
between pro-and anti-apoptotic pathways. The crosstalk
between these controversial pathways seems to be essential for
cell balance under normal physiological conditions. An
example for this is the family of the proteins p53 and Bcl-2,
which are involved in the regulation of apoptotic signaling
pathways. These proteins can also mediate pro-survival
function under certain circumstances [163-165]. Accordingly, a
therapeutic strategy based on the inhibition or suppression of
single pathway has shown limited success, since the inhibition
of Bcl-2 by its specific siRNA in different tumor types is unable
to exercise any cytotoxic activity [166,167]. A therapeutic
strategy by the direct stimulation of membrane-bound anti-
apoptotic or pro-apoptotic receptors, will be essential for
amplifying the effects of target agents. Thus, clinical data
revealed that the inhibition of endothelial growth factor
receptor (EGFR) signal transduction pathway can result in an
anti-tumor activity leading to tumor growth delay or cell death
[168,169]. The presence of EGFR does not signify that EGFR
signaling is a common pathway for different cancer types, since
some tumor patients with EGFR-negative respond to EGFR
inhibitors such as, Cetuximab[170,171]. The explanation for
the resistance of EGFR-positive tumors may due to the
presence of a significant cross-talk between PI3K/AKT and
other pathways, such as those mediating opposite cellular
functions like apoptosis, cell growth, and cell survival. Thus,
targeting these pathways in order to interrupt this crosstalk may
be a possible strategy to overcome tumor resistance to
chemotherapy. Figure 5 demonstrates therapeutic modalities
leading to tumor cell death via mechanism mediated by the
apoptosis intrinsic pathway.

Therapeutic Strategy Based on the
Modulation of Autophagic Pathways

Autophagic cell death, also known as type II cell death, is
characterized by the formation of double membrane
autophagic vacuoles in the cytoplasm [107]. Autophagy occurs
in response to various cellular stressors differs from type I
programmed cell death/apoptosis. Because the intrinsic
overlapping of autophagic and cancer signaling pathways and
the complexity of cancer disease, the fate of cancer cells cannot
be determined by a single signaling pathway. Although the
molecular mechanisms of autophagy and its functional impact
in cancer, the role of autophagy varies depends on tumor type
and the stage of tumor progression [172-174]. In early stage of
tumor development, autophagy can act as a tumor suppressor
[175-177], where as in advanced stages of tumor, the
development of autophagy is more implicated in the regulation
of tumor progression rather than tumor suppression [178,179].
Thus, the tumor type and stage should be taken in account by
the treatment or by the development of the therapeutic
modalities.

Autophagy can be induced by different forms of cancer
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therapy, including conventional and novel targeted cancer
therapeutics, and ionizing radiation as evidenced in several types
of solid and hematological malignancies [111,180-183]. Although
the involvement of the autophagic mechanisms in the
modulation of the cytotoxic effects of anticancer agents,
autophagy can also mediate pro-survival mechanisms in
response to the toxicity withstand of the therapeutic agents
[184]. In some cases, the inhibition of autophagy enhances
tumor resistance to the chemotherapeutic agents [186,187],

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

whereas in other cases the inhibition of autophagy promotes
anti-cancer agents-induced apoptosis [111]. Thus, during the
tumor treatment autophagy, is a only bystander so that its
induction or inhibition does not influence the therapeutic
status of tumor cells [187]. However, the molecular
mechanisms, which are responsible for the regulation of the
autophagic actions still remain to be characterized in detail.
The genetic characteristics of the cancer cells seem to play a
critical role in the regulation of the functional outcome of
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Figure 5: Targeting intrinsic pathway in cancer therapy. The intrinsic pathway can be initiated by various signals by extracellular stimuli including,
anti-cancer agents (e.g. bortezomib, taxol), hypoxia, steroids, growth factor withdrawal and UV. As a consequence, the stimulation of the tumor cells
by various therapeutic modalities, BH-3-only proteins (Bim, Bid, Bad, Noxa, Puma) commit with anti-apoptotic Bel-2 family (Bcl-2, BcX;, Mcl-1,
BclW) to release the inhibition of Bax and Bak to activate them. Next, Bax and Bak oligomerize and become active leading to the loss of
mitochondrial membrane potential and subsequently to the release of cytochrome ¢, Smac/DIABLO into the cytoplasm, wherein they combine with
an adaptor molecule, apoptosis protease-activating factor 1, and an inactive initiator caspase, caspase-9, within a multiprotein complex, namely
apoptosome. Smac/DIABLQO blocks inhibitors of apoptosis proteins to activate caspase-9 that, in turn, activates caspase-3 leading to apoptosis.
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autophagy, since autophagy has been shown, to protect different
tumor cells from anti-cancer agents (e.g. tunicamycin,
thappsiogargin and brefeldin A)-induced cell death [188-190].
Surprisingly, the same anticancer agents were reported to trigger
autophagy- mediated cell death of normal colonic epithelial cells
as well as those of nontransformed murine embryonic
fibroblasts [191-193]. The outcome of autophagy seems to be cell
type- dependent, since the pan-Bcl-2 inhibitor was found to
induce cytoprotective autophagy in the breast cancer cell
MCE-7, whereas in glioma cells induced autophagic cell death
[194-197]. Although the molecular mechanism underlying the
opposite action of autophagy induced by pan-Bcl-2 inhibitor is
not unknown, the differential expression of cellular proteins
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seems to control the mechanism, whereby the tumor cells
decide whether the autophagic pathway mediates cell death or
survival [198].

Besides the genetic composition of cancer cells, growth factors
stimulation influences the mechanistic consequences of
autophagy [199-201]. An evidence for this, is the rescue of
tumor suppressor gene aplasia Ras homolog I (ARHI)-induced
reduction of autophagy in ovarian cancer cells in response to
the stimulation with various cytokines and growth factors [201].
Whereas, in some cases the deprivation of growth factor signals
by itself triggers autophagy [203]. Thus, targeting of growth
factors by therapeutic modalities may be a relevant strategy for

y-irradiation

Receptor tyrosine
kinase

Membrane

©
T
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| Rapamycin
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Figure 6: An overview of the autophagy signaling pathways that can be targeted for cancer therapy. Upon ionizing radiation (Yy-irradiation), class 111
PI3K induces autophagy via mechanism mediated by endoplasmic reticulum stress, whereas, class I PI3K inhibits autophagy via mechanism-
mediated by Akt/mTOR pathway. Autophagy also can be induced by PERK-elF2a and IREIJNK pathways that can be initiated by ER stress.
While the inhibitor of Akt/mTOR pathway has inhibitory effects on autophagy. Inhibition of pro-apoptotic proteins by smallmolecules caspase
inhibitors is a promising anti-cancer therapeutic strategies using autophagy promotion. Potential therapies are demonstrated in their respective

pathway. Dot lines are indicative of indirect mechanism, whereas solid lines display direct pathway.
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tumor therapy. The pro-survival or the pro-death nature of
autophagy seem to be pathway specific, since the induction of
autophagy in cancer cells by the treatment with the
chemotherapeutic agents, such as curcumin is regulated by the
activation of the pro-survival ERK1/ERK2 pathway and
inactivation of the AKT/mTOR pathway [204,205]. Although
the abrogation of curcumin-induced autophagy by the activation
of Akt and inhibition of ERK pathways, only Akt pathway can
attenuates curcumin-induced cytotoxicity [206,207]. Whereas,
the inhibition of ERK pathway can induce apoptosis as well as
autophagy [208,209]. Accordingly, the cellular outcome of
autophagy seems to be determined from the pathway that is
involved in the initiation of autophagy. Thus, based on the
potential role of the pro-survival pathway ERK in the regulation
of cellfate decision during the processes of autophagy targeting
this pathway may be a relevant approach for tumor therapy. The
possible mechanisms, whereby anti-cancer agents trigger
autophagic pathway in tumor cells are shown (Figure 6).
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Therapeutic Strategy Based on the
Crosstalk Between Pro-And Anti-
Apoptotic Pathways

The decision whether the cell does survive, or die, in response
to the environmental changes, depends on the cell type and the
authenticity of the stress factor or stimulator [210]. Thus, the
response of the cell to the environmental changes can be
expressed in different forms and patterns via mechanisms
mediated by apoptotic or/and autophagic signaling pathways.
Depending on cell type and inducers, cell death can be variable
in its morphology and characteristics [107]. Some anti-cancer
agents can induce both apoptosis and autophagy
simultaneously in different cell types [111,211]. Also, depending
on the cell type, some proteins like death associated protein
kinase (DAPK) can induce both apoptosis and autophagy [212].

Besides the modulation of autophagy by the apoptotic signaling

Table 1: Summary of anticancer agents and their relevant molecular targets

Anticancer agent/inhibitor Molecular target
BKM120, BAY 80-6946, GDC-0941, PX-866, SAR245409 (XL147) Class | PI3K
GS-1101 PI13K&

BYL719 PI3Ka

BEZ235, PF-04691502, PF-05212384, GDC-0980SAR245409

(XL765), GSK2126458

Trametinib (GSK1120212), Selumetinib (AZD6244), GDC-0973

PI3K/mTORC1/2

MEK1/2

(XL518), BAY 86-9766, Pimasertib (AS703026/MSC1936369B),

PD32590, CI-1040 (PD184352)
PRIMA-1, CP31398, OhiKan083

MIRA-3, STIMA

CP31398

CEP-701, XL019 Jak2, INCB018424, AZD1480
Trastuzumab/Herceptin,

Cetuximab/Erbitux, Erlotinib/Tarceva, Gefitinib/Iressa

Bevacizumab/Avastin
Imatinib/Gleevec

PKC412

BIBF

BAY 43-9006/Sorafenib tosylate

SU11248/Sunitinib malate

Rescuing the function of
mutant p53

Reactivation of p53
Stabilization of p53
JAK/Stat pathway

HER2

EGFR

VEGF

BCR-ABL, KIT,PDGFR
PKC, VEGFR, PDGFR, KIT
VEGFR, PDGFR, FGFR
VEGFR, PDGFR, KIT, FLT3,
p38a, Raf

VEGFR, PDGFR, KIT, FLT3, RET
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pathways, the modulation of apoptosis by autophagic signaling
is also reported [213, 214]. The inhibition of apoptosis by
autophagy is regulated by a mechanism mediated through
degradation of pro-apoptotic proteins, such as caspases
[215,216]. Accordingly, autophagy and apoptosis play opposite
roles in cancer, since the inhibition of autophagy by chloroquine
sensitize apoptosis-resistant tumor cells to anti-cancer agents
[217,218]. More importantly, the role of autophagy in the
modulation of tumor resistance to apoptosis induced by TRAIL
has been demonstrated [219,220]. Thus, the induction of
autophagy in response to TRAIL is considered a cellular strategy
to protect tumor cells from TRAIL-induced cell death. Studies
on the mechanism, whereby autophagy prevents TRAIL-
mediated cell death revealed that following the cleavage of pro-
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caspase up on the treatment of tumor cells with TRAIL, active
caspase 8 becomes targeted to autophagosomes and
subsequently degraded in lysosomes, as a result the downstream
apoptotic effectors remains inactive and subsequently increases
the resistance of tumor cells to TRAIL treatment. In contrast to
the negative effect of autophagy on anti-cancer agents-induced
apoptosis, apoptosis can also cleavage autophagy-related
proteins [221,222]. The use of autophagy, by tumor cells, as a
cytoprotective strategy seems to be a common strategy
independent from tumor type or the anti-cancer agent
[111,223]. The mechanisms, which are thought to be involved
in the regulation of the crosstalk between apoptosis and
autophagy during activation death receptor signaling pathways
in tumor cells, are outlined in Figure 7.

TNFa

Foatatatatatatatst

Pro-casp.8/10

Autophagy

==

Figure 7: Anticancer agentsinduced both apoptosis and autophagy in cancer cells is governed by a crosstalk mediated by both apoptosis and
autophagy-associated pathways and their components. This crosstalk between apoptotic and autophagic pathways can be activated by the ligation of
death receptors to their corresponding ligands/ agonists (anticancer agents). Thus, the activation of death receptor(s) in tumor cells by the treatment
with anti-cancer agents can lead to the activation of autophagy- associated pathways (e.g. NF-KB), that in turn, inhibit apoptosis, or activates
apoptosis -associated pathways that subsequently leads to the cleavage of caspase-7 (Casp.7), an inhibitor of autophagy.

‘VRI
Press,

Page No 12



Hassan et al., 2014

Although the elucidation of the mechanisms, whereby
autophagy counteracts apoptosis in tumor cells, the risk of the
combination of cancer therapies targeting both apoptosis and
autophagy is unpredictable. Thus, further analysis of the unique
signaling pathways of apoptosis and autophagy may help to
develop a relevant therapeutic strategy to avoid the risk of
autophagy during the course of tumor treatment. Table 1
summarizes some of tumor therapeutic agents and their relevant
molecular targets.

Conclusion

Targeting aberrant signaling pathways is thought to be a relevant
strategy for cancer treatment. The anti-tumor efficiency of anti-
cancer agents is determined by their ability to trigger cell death
within tumor. Thus, the development of multifunctional agents
targeting multiple components of signaling pathways in tumor
cells, with an advantage over the side effects, is urgently needed
for improved outcome of tumor treatment. The induction of
other types of cell death such as, autophagic cell death, rather
than apoptosis might occur as a result of the diversity and the
mechanistic mode of chemotherapy. Although the relation
between autophagic cell death and apoptosis needs more
explanation, targeting alternative pathways of apoptosis and/or
autophagy might overcome tumor resistance to anti-cancer
agents. Alteration of apoptotic and/or autophagic signaling
pathways might determine susceptibility to cell death after
chemotherapy, since anti-cancer agents might trigger pathways
involved in the regulation of caspase-dependent apoptosis as
well as caspase-independent autophagy at the same time.
Targeting therapy related to apoptosis might increase the
therapeutic efficacy of anti-cancer agents by modulating signal
transduction pathways, other pathways might be influenced by
cross-talk between the various cell death pathways. Thus,
understanding the molecular mechanism(s) involved in the
regulation of autophagic cell death in response to chemotherapy
might provide a new strategy to overcome tumor resistance.

Acknowledgement

This study was supported by a grant from German Research
Foundation (HA 5081/3-1), German cancer foundation
(10-2202-Hal) and from L'Alsace contre le Cancer, France to M.

Hassan.

References

1. Ni C, Wu P, Zhu X, Ye ], Zhang Z, Chen Z, Zhang T, Zhang T,
Wang K, Wu D, Qiu F, Huang ]: IFN-y selectively exerts
pro-apoptotic effects on tumor-initiating label-retaining
colon cancer cells. Cancer Lett. 2013, 336: 174-84.

2. Louie E, Nik S, Chen ]S, Schmidt M, Song B, Pacson C, Chen
XF, Park S, Ju J, Chen EI: Identification of a stem-like cell
population by exposing metastatic breast cancer cell lines
to repetitive cycles of hypoxia and reoxygenation. Breast
Cancer Res. 2010,12: R94.

3. Alison MR, Lim SM, Nicholson LJ: Cancer stem cells: problems

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

Ko RH, Ji L, Barnette P, Bostrom B, Hutchinson R, Raetz E, Seibel
NL, Twist CJ, Eckroth E, Sposto R, Gaynon PS, Loh ML:
Outcome of patients treated for relapsed or refractory acute
lymphoblastic leukemia: a Therapeutic Advances in
Childhood Leukemia Consortium study. ] Clin Oncol.
2010, 28: 648-54.

Gieseler F, Rudolph P, Kloeppel G, Foelsch UR: Resistance
mechanisms of gastrointestinal cancers: why does
conventional chemotherapy fail? Int ] Colorectal Dis. 2003,
18: 470-80.

Lazaris AC, Kavantzas NG, Zorzos HS, Tsavaris NV, Davaris PS:
Markers of drug resistance in relapsing colon cancer. ]
Cancer Res Clin Oncol. 2002, 128: 114-8.

Sun Y, Nelson PS: Molecular pathways: involving
microenvironment damage responses in cancer therapy
resistance. Clin Cancer Res. 2012,18: 4019-25.

Pawson T, Warner N: Oncogenic re-wiring of cellular signaling
pathways. Oncogene. 2007, 26: 1268-75.

Qiang L, Wu C, Ming M, Viollet B, He YY: Autophagy controls
p38 activation to promote cell survival under genotoxic
stress. ] Biol Chem. 2013, 288: 1603-11.

Rosenfeldt MT, Ryan KM: The multiple roles of autophagy in
cancer. Carcinogenesis. 201, 32: 955-63.

Roussi S, Gossé F, Aoudé-Werner D, Zhang X, Geoffroy P, Miesch
M, Marchioni E, Raul F: Perturbation of polyamine
metabolism and its relation to cell death in human colon
cancer cells treated by 7beta-hydroxycholesterol and 7beta-
hydroxysitosterol. Int ] Oncol. 2006, 29: 1549-54.

Muscaritoli M, Bossola M, Aversa Z, Bellantone R, Rossi Fanelli F:
Prevention and treatment of cancer cachexia: new insights
into an old problem. Eur ] Cancer. 2006,42: 31-41.

Ranganathan P, Agrawal A, Bhushan R, Chavalmane AK,
Kalathur RK, Takahashi T, Kondaiah P: Expression profiling
of genes regulated by TGF-beta: differential regulation in
normal and tumour cells. BMC Genomics. 2007, 8: 98.

Manoochehri M, Karbasi A, Bandehpour M, Kazemi B: Down-
Regulation of BAX Gene During Carcinogenesis and
Acquisition of Resistance to 5-FU in Colorectal Cancer.
Pathol Oncol Res. 2013 [(n Press]

Zheng LT, Lee S, Yin GN, Mori K, Suk K: Down-regulation of
lipocalin 2 contributes to chemoresistance in glioblastoma
cells. ] Neurochem. 2009, 111: 1238-51.

Habif G, Grasset MF, Kieffer-Jaquinod S, Kuhn L, Mouchiroud G,
Gobert-Gosse S: Phosphoproteome analyses reveal specific
implications of Hcls1, p2l-activated kinase 1 and Ezrin in
proliferation of a myeloid progenitor cell line downstream
of wild-type and ITD mutant Fmslike tyrosine kinase 3
receptors. ] Proteomics. 2013,78:231-44.

Kim KT, Baird K, Davis S, Piloto O, Levis M, Li L, Chen P,
Meltzer P, Small D: Constitutive Fms-like tyrosine kinase 3
activation results in specific changes in gene expression in
myeloid leukaemic cells. Br ] Haematol. 2007, 138: 603-15.

Yu K, Toral-Barza L, Shi C, Zhang WG, Zask A: Response and
determinants of cancer cell susceptibility to PI3K
inhibitors: combined targeting of PI3K and Mek1 as an
effective anticancer strategy. Cancer Biol Ther. 2008, 7:
307-15.

Chappell WH, Steelman LS, Long JM, Kempf RC, Abrams SL,
Franklin RA, Bisecke J, Stivala F, Donia M, Fagone P,
Malaponte G, Mazzarino MC, Nicoletti F, Libra M,
Maksimovic-Ivanic D, Mijatovic S, Montalto G, Cervello M,
Laidler P, Milella M, Tafuri A, Bonati A, Evangelisti C,
Cocco L, Martelli AM, McCubrey JA: Ras/Raf/MEK/ERK

for therapy? ] Pathol. 2011, 223: 147-61.

Page No 13



Hassan et al., 2014

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

and PI3K/PTEN/Akt/mTOR inhibitors: rationale and
importance to inhibiting these pathways in human health.
Oncotarget. 2011, 2: 135-64.

May, Jin Z, Huang J, Zhou S, Ye H, Jiang S, Yu K: IQGAP1 plays
an important role in the cell proliferation of multiple
myeloma via the MAP kinase (ERK) pathway. Oncol Rep.
2013 [In Press]

Hassan M, Ghozlan H, Abdel-Kader O: Activation of cJun NH2-
terminal kinase (JNK) signaling pathway is essential for the
stimulation of hepatitis C virus (HCV) non-structural
protein 3 (NS3)-mediated cell growth. Virology. 2005, 333:
324-36.

Groschl B, Bettstetter M, Giedl C, Woenckhaus M, Edmonston T,
Hofstidter F, Dietmaier W: Expression of the MAP kinase
phosphatase DUSP4 is associated with microsatellite
instability in colorectal cancer (CRC) and causes increased
cell proliferation. Int ] Cancer. 2013, 132: 1537-46.

Bachelor MA, Bowden GT: UVA-mediated activation of signaling
pathways involved in skin tumor promotion and
progression. Semin Cancer Biol. 2004, 14: 131-8.

Hu Z, Xu R, Liu J, Zhang Y, Du ], Li W, Zhang W, Li Y, Zhu Y, Gu
L: GEP100 regulates epidermal growth factor-induced
MDA-MB-231 breast cancer cell invasion through the
activation of Arf6/ERK/uPAR signaling pathway. Exp Cell
Res. 2013, 319: 1932-41.

McCubrey JA, Steelman LS, Chappell WH, Abrams SL, Franklin
RA, Montalto G, Cervello M, Libra M, Candido S,
Malaponte G, Mazzarino MC, Fagone P, Nicoletti F, Bisecke
J, Mijatovic S, Maksimovic-Ivanic D, Milella M, Tafuri A,
Chiarini F, Evangelisti C, Cocco L, Martelli AM: Ras/Raf/
MEK/ERK and PI3K/PTEN/Akt/mTOR cascade
inhibitors: how mutations can result in therapy resistance
and how to overcome resistance. 2012,

3:1068-111.

A: An integrated and disease-oriented growth factor-

regulated signal transduction network. Curr Mol Med.

2013,13: 86-93.

Wang J, Liu Y, Li Z, Du J, Ryu MJ, Taylor PR, Fleming MD, Young
KH, Pitot H, Zhang ]: Endogenous oncogenic Nras
mutation promotes aberrant GM-CSF signaling in
granulocytic/monocytic precursors in a murine model of
chronic myelomonocytic leukemia. Blood. 2010, 116:
5991-6002.

Bill HM, Knudsen B, Moores SL, Muthuswamy SK, Rao VR,
Brugge JS, Miranti CK: Epidermal growth factor receptor-
dependent regulation of integrin-mediated signaling and
cell cycle entry in epithelial cells. Mol Cell Biol. 2004; 24:
8586-99.

Tsubaki M, Satou T, Itoh T, Imano M, Yanae M, Kato C, Takago
shi R, Komai M, Nishida S: Bisphosphonate- and statin-
induced enhancement of OPG expression and inhibition
of CD9, M-CSF, and RANKL expressions via inhibition of
the Ras/MEK/ERK pathway and activation of p38MAPK
in mouse bone marrow stromal cell line ST2. Mol Cell
Endocrinol. 2012, 361: 219-31.

Hollenhorst PC: RAS/ERK pathway transcriptional regulation
through ETS/AP-1 binding sites. Small GTPases. 2012, 3:
154-8.

Chou YT, Lin HH, Lien YC, Wang YH, Hong CF, Kao YR, Lin
SC, Chang YC, Lin SY, Chen SJ], Chen HC, Yeh SD, Wu
CW: EGFR promotes lung tumorigenesis by activating
miR-7 through a Ras/ERK/Myc pathway that targets the
Ets2 transcriptional repressor ERF. Cancer Res. 2010, 70:

ncotarget.

Erol

32.

33.

34.

35.

36.

31.

38.

39.

40.

41.

42.

43.

4.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

8822-31.

Schoppmann SF, Beer A, Nirtl N, Ba-Ssalamah A, Brodowicz T,
Streubel B, Birner P: Downregulation of
phosphatidylethanolamine binding protein 1 associates
with clinical risk factors in gastrointestinal stromal
tumors, but not with activation of the RAF-1-MEK-ETV1
pathway. Cancer Lett. 2013, 335: 26-30.

Wu KL, Huang EY, Jhu EW, Huang YH, Su WH, Chuang PC,
Yang KD: Overexpression of galectin-3 enhances migration
of colon cancer cells related to activation of the K-Ras-Raf-
Erk1/2 pathway. ] Gastroenterol. 2013, 48: 350-9.

Piscazzi A, Costantino E, Maddalena F, Natalicchio MI, Gerardi
AM, Antonetti R, Cignarelli M, Landriscina M: Activation
of the RAS/RAF/ERK signaling pathway contributes to
resistance to sunitinib in thyroid carcinoma cell lines. ]
Clin Endocrinol Metab. 2012, 97: E898-906.

McCubrey JA, Steelman LS, Chappell WH, Abrams SL, Wong
EW, Chang F, Lehmann B, Terrian DM, Milella M, Tafuri
A, Stivala F, Libra M, Basecke ], Evangelisti C, Martelli AM,
Franklin RA: Roles of the Raf/MEK/ERK pathway in cell
growth, malignant transformation and drug resistance.
Biochim Biophys Acta. 2007 , 1773: 1263-84.

Koo HM, Gray-Goodrich M, Kohlhagen G, McWilliams M],
Jeffers M, Vaigro-Wolff A, Alvord WG, Monks A, Paull KD,
Pommier Y, Vande Woude GF: The ras oncogene-mediated
sensitization of human cells to topoisomerase Il inhibitor-
induced apoptosis. ] Natl Cancer Inst. 1999, 91:23 6-44.

Fan ], Banerjee D, Stambrook PJ, Bertino JR: Modulation of

cytotoxicity of chemotherapeutic drugs by activated H-ras.
Biochem Pharmacol. 1997, 53: 1203-9.
El-Khattouti A, Selimovic D, Haikel Y, Megahed M, Gomez
CR, Hassan M: Identification and analysis of CD133+
melanoma stem-like cells conferring resistance to taxol:
An insight into the mechanisms of their resistance and
response. Cancer Lett. 2013 [In Press)

Balko JM, Schwarz L], Bhola NE, Kurupi R, Owens P, Miller
TW, Gomez H, Cook RS, Arteaga CL: Activation of
MAPK Pathways due to DUSP4 Loss Promotes Cancer
Stem Cell-like Phenotypes in Basal-like Breast Cancer.
Cancer Res. 2013, 73: 6346-6358.

Iwakiri D, Minamitani T, Samanta M: Epstein-Barr virus latent
membrane protein 2A contributes to anoikis resistance
through ERK activation. ] Virol. 2013, 87: 8227-34.

Ding H, McDonald ]S, Yun S, Schneider PA, Peterson KL,
Flatten KS, Loegering DA, Oberg AL, Riska SM, Huang S,
Sinicrope FA, Adjei AA, Karp JE, Meng XW, Kaufmann
SH: Farnesyltransferase inhibitor tipifarnib inhibits Rheb
prenylation and stabilizes Bax in acute myelogenous
leukemia cells. Haematologica. 2013 [In Press]

Benter IF, Abul HT, Al-Khaledi G, Renno WM, Canatan H,
Akhtar S: Inhibition of Ras-GTPase farnesylation and the
ubiquitin-proteasome system or treatment with
angiotensin-(1-7) attenuates spinal cord injury-induced
cardiac dysfunction. ] Neurotrauma. 2011, 28: 1271-9.

Niessner H, Beck D, Sinnberg T, Lasithiotakis K, Maczey E,
Gogel ], Venturelli S, Berger A, Mauthe M, Toulany M,
Flaherty K, Schaller M, Schadendorf D, Proikas-Cezanne T,
Schittek B, Garbe C, Kulms D, Meier F: The farnesyl
transferase inhibitor lonafarnib inhibits mTOR signaling
and enforces sorafenib-induced apoptosis in melanoma
cells. ] Invest Dermatol. 2011, 131: 468-79.

Palozza P, Colangelo M, Simone R, Catalano A, Boninsegna A,
Lanza P, Monego G, Ranelletti FO: Lycopene induces cell

Page No 14



Hassan et al., 2014

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

51.

58.

59.

growth inhibition by altering mevalonate pathway and Ras
signaling in cancer cell lines. Carcinogenesis 2010,
31:1813-21.

Azad NS, Annunziata CM, Steinberg SM, Minasian L, Premkumar
A, Chow C, Kotz HL, Kohn EC: Lack of reliability of
CA125 response criteria with anti-VEGF molecularly
targeted therapy. Cancer. 2008, 112: 1726-32.

Sridhar SS, Hedley D, Siu LL: Raf kinase as a target for
anticancer therapeutics. Mol Cancer Ther. 2005, 4: 677-85.

Wang C, Buck DC, Yang R, Macey TA, Neve KA: Dopamine D2
receptor stimulation of mitogen-activated protein kinases
mediated by cell type-dependent transactivation of receptor
tyrosine kinases. ] Neurochem. 2005, 93: 899-909.

Purdom S, Chen QM: Epidermal growth factor receptor-
dependent and -independent pathways in hydrogen
peroxide-induced mitogen-activated protein kinase
activation in cardiomyocytes and heart fibroblasts. ]
Pharmacol Exp Ther. 2005, 312: 1179-86.

Arany [, Megyesi JK, Kaneto H, Price PM, Safirstein RL: Cisplatin-
induced cell death is EGFR/src/ERK signaling dependent
in mouse proximal tubule cells. Am ] Physiol Renal Physiol.
2004, 287: F543-9.

Nguyen TK, Jordan N, Friedberg J, Fisher RI, Dent P, Grant S:
Inhibition of MEK/ERK1/2 sensitizes lymphoma cells to
sorafenib-induced apoptosis. Leuk Res. 2010, 34: 379-86.

Aquilano K, Baldelli S, Rotilio G, Ciriolo MR: trans-Resveratrol
inhibits H2O2-induced adenocarcinoma gastric cells
proliferation via inactivation of MEK1/2-ERK1/2-cJun
signalling axis. Biochem Pharmacol. 2009, 77: 337-47.

Buonato JM, Lazzara MJ]: ERK1/2 Blockade prevents epithelial-
mesenchymal transition in lung cancer cells and promotes
their sensitivity to EGFR inhibition. Cancer Res. 2013 [In
press].

Ding G, Feng C, Jiang H, Ding Q, Zhang L, Na R, Xu H, Liu J:
Combination of Rapamycin, CI-1040, and 17-AAG Inhibits
Metastatic Capacity of Prostate Cancer via Slug Inhibition.
PLoS One. 2013, 8: e77400.

Ou DL, Shen YC, Liang JD, Liou JY, Yu SL, Fan HH, Wang DS,
Lu YS, Hsu C, Cheng AL: Induction of Bim expression
contributes to the antitumor synergy between sorafenib
and mitogen-activated protein kinase/extracellular signal-
regulated kinase kinase inhibitor CI-1040 in hepatocellular
carcinoma. Clin Cancer Res. 2009, 15: 5820-8.

Santarpia L, Lippman SM, El-Naggar AK: Targeting the MAPK-
RAS-RAF signaling pathway in cancer therapy. Expert
Opin Ther Targets. 2012, 16: 103-19.

Hersey P, Bastholt L, Chiarion-Sileni V, Cinat G, Dummer R,
Eggermont AM, Espinosa E, Hauschild A, Quirt I, Robert
C, Schadendorf D: Small molecules and targeted therapies
in distant metastatic disease. Ann Oncol. 2009; 20: vi35-40

Wang X, Liu Q, Ihsan A, Huang L, Dai M, Hao H, Cheng G, Liu
Z, Wang Y, Yuan Z: JAK/STAT pathway plays a critical role
in the proinflammatory gene expression and apoptosis of
RAW264.7 cells induced by trichothecenes as DON and
T2 toxin. Toxicol Sci. 2012, 127: 412-24.

Zuloaga R, Fuentes EN, Molina A, Valdés JA: The cAMP
Response Element Binding protein (CREB) is activated by
Insulin-like Growth Factor-1 (IGF-1) and regulates
myostatin gene expression in skeletal myoblast. Biochem
Biophys Res Commun. 2013 [In Press].

Kazi AA, Molitoris KH, Koos RD: Estrogen rapidly activates the
PI3K/AKT pathway and hypoxia-inducible factor 1 and
induces vascular endothelial growth factor A expression in

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

luminal epithelial cells of the rat uterus. Biol Reprod.
2009, 81: 378-87.

Wang M, Wang Y, Weil B, Abarbanell A, Herrmann ], Tan ],
Kelly M, Meldrum DR: Estrogen receptor beta mediates
increased activation of PI3K/Akt signaling and improved
myocardial function in female hearts following acute
ischemia. Am ] Physiol Regul Integr Comp Physiol. 2009,
296: R972-8.

Riaz A, Ilan N, Vlodavsky I, Li JP, Johansson S: Characterization
of heparanase-induced phosphatidylinositol 3-kinase-AKT
activation and its integrin dependence. ] Biol Chem. 2013,
288: 12366-75.

Cipolla L, Consonni A, Guidetti G, Canobbio I, Okigaki M,
Falasca M, Ciraolo E, Hirsch E, Balduini C, Torti M: The
proline-rich tyrosine kinase Pyk2 regulates platelet integrin
allbB3 outside-in signaling. ] Thromb Haemost. 2013, 11:
345.56.

Uzdensky AB, Demyanenko SV, Bibov MY: Signal transduction
in human cutaneous melanoma and target drugs. Curr
Cancer Drug Targets. 2013, 13: 843-66.

Gaikwad SM, Ray P: Non-invasive imaging of PI3K/Akt/mTOR
signalling in cancer. Am ] Nucl Med Mol Imaging. 2012, 2:
418-31.

Kanai R, Wakimoto H, Martuza RL, Rabkin SD: A novel
oncolytic herpes simplex virus that synergizes with
phosphoinositide 3-kinase/Akt pathway inhibitors to
target glioblastoma stem cells. Clin Cancer Res. 2011, 17:
3686-96.

Jung JS, Jung K, Kim DH, Kim HS: Selective inhibition of
MMP-9 gene expression by mangiferin in PMA-stimulated
human astroglioma cells: involvement of PI3K/Akt and
MAPK signaling pathways. Pharmacol Res. 2012, 66:
95-103.

Adya R, Tan BK, Punn A, Chen ], Randeva HS: Visfatin induces
human endothelial VEGF and MMP-2/9 production via
MAPK and PI3K/Akt signalling pathways: novel insights
into visfatin-induced angiogenesis. Cardiovasc Res. 2008,
78: 356-65.

Granata R, Trovato L, Lupia E, Sala G, Settanni F, Camussi G,
Ghidoni R, Ghigo E: Insulin-like growth factor binding
protein-3 induces angiogenesis through IGF-I- and SphK1-
dependent mechanisms. ] Thromb Haemost. 2007, 5:
835-45.

Yardley DA: Combining mTOR Inhibitors with Chemotherapy
and Other Targeted Therapies in Advanced Breast
Cancer: Rationale, Clinical Experience, and Future
Directions. Breast Cancer (Auckl). 2013, 7:7-22.

Tomioka H, Mukohara T, Kataoka Y, Ekyalongo RC, Funakoshi
Y, Imai Y, Kiyota N, Fujiwara Y, Minami H: Inhibition of
the mTOR/S6K signal is necessary to enhance
fluorouracil-iinduced apoptosis in gastric cancer cells with
HER2 amplification. Int ] Oncol. 2012, 41: 551-8.

Duong MT, Akli S, Wei C, Wingate HF, Liu W, Lu Y, Yi M,
Mills GB, Hunt KK, Keyomarsi K: LMW-E/CDK2
deregulates acinar morphogenesis, induces tumorigenesis,
and associates with the activated b-Raf-ERK1/2-mTOR
pathway in breast cancer patients. PLoS Genet. 2012, 8:
¢1002538.

Dalvai M, Schubart K, Besson A, Matthias P: Octl is required
for mTOR-induced G1 cell cycle arrest via the control of
p27(Kip1) expression. Cell Cycle. 2010, 9: 3933-44.

Paternot S, Roger PP: Combined inhibition of MEK and
mammalian target of rapamycin abolishes

@
Press,

Page No 15



Hassan et al., 2014

4.

75.

76.

1.

78.

79.

80.

81.

82.

83.

84.

85.

phosphorylation of cyclin-dependent kinase 4 in
glioblastoma cell lines and prevents their proliferation.
Cancer Res. 2009, 69: 4577-81.

Geng L, Tan ], Himmelfarb E, Schueneman A, Niermann K,
Brousal ], Fu A, Cuneo K, Kesicki EA, Treiberg ], Hayflick
JS, Hallahan DE: A specific antagonist of the p110delta
catalytic component of phosphatidylinositol 3-kinase,
1C486068, enhances radiation-induced tumor vascular
destruction. Cancer Res. 2004, 64: 4893-9.

Ueda K, Nakahara T, Akanuma K, Mori A, Sakamoto K, Ishii K:
Differential effects of LY294002 and wortmannin on
neurons and vascular endothelial cells in the rat retina.
Pharmacol Rep. 2013, 65: 854-62.

Fujiwara K, Daido S, Yamamoto A, Kobayashi R, Yokoyama T,
Aoki H, Iwado E, Shinojima N, Kondo Y, Kondo S: Pivotal
role of the cyclin-dependent kinase inhibitor p21WAF1/
CIP1 in apoptosis and autophagy. ] Biol Chem. 2008, 283:
388.97.

Mamaghani S, Simpson CD, Cao PM, Cheung M, Chow S,
Bandarchi B, Schimmer AD, Hedley DW: Glycogen synthase
kinase-3 inhibition sensitizes pancreatic cancer cells to
TRAIL-induced apoptosis. PLoS One. 2012, 7: e41102.

Shimasaki T, Ishigaki Y, Nakamura Y, Takata T, Nakaya N,
Nakajima H, Sato I, Zhao X, Kitano A, Kawakami K, Tanaka
T, Takegami T, Tomosugi N, Minamoto T, Motoo Y:
Glycogen synthase kinase 3B inhibition sensitizes
pancreatic cancer cells to gemcitabine. ] Gastroenterol.
2012, 47: 321-33.

Stoll V, Calleja V, Vassaux G, Downward ], Lemoine NR:
Dominant negative inhibitors of signalling through the
phosphoinositol 3-kinase pathway for gene therapy of
pancreatic cancer. Gut. 2005, 54: 109-16.

Pu P, Kang C, Li ], Jiang H: Antisense and dominant-negative
AKT2 cDNA inhibits glioma cell invasion. Tumour Biol.
2004, 25: 172-8.

Joo WD, Visintin I, Mor G: Targeted cancer therapy - Are the
days of systemic chemotherapy numbered? Maturitas. 2013
[In Press].

Ganesan P, Piha-Paul S, Naing A, Falchook G, Wheler ], Janku F,
Zinner R, Laday S, Kies M, Tsimberidou AM. Phase I clinical
trial of lenalidomide in combination with temsirolimus in
patients with advanced cancer. Invest New Drugs. 2013 [In
Press].

Maj-Hes A, Medioni J, Scotte F, Schmidinger M, Kramer G,
Combe P, Gornadha Y, Elaidi R, Oudard S: Rechallenge
with mTOR inhibitors in metastatic renal cell carcinoma
patients who progressed on previous mTOR inhibitor
therapy. Oncology. 2013, 85: 8-13.

Demetri GD, Chawla SP, Ray-Coquard I, Le Cesne A, Staddon
AP, Milhem MM, Penel N, Riedel RF, Bui-Nguyen B,
Cranmer LD, Reichardt P, Bompas E, Alcindor T, Rushing
D, Song Y, Lee RM, Ebbinghaus S, Eid JE, Loewy JW,
Haluska FG, Dodion PF, Blay JY: Results of an
international randomized phase III trial of the mammalian
target of rapamycin inhibitor ridaforolimus versus placebo
to control metastatic sarcomas in patients after benefit
from prior chemotherapy. ] Clin Oncol. 2013, 31: 2485-92.

Wolff AC, Lazar AA, Bondarenko I, Garin AM, Brincat S, Chow
L, Sun Y, Neskovic-Konstantinovic Z, Guimaraes RC,
Fumoleau P, Chan A, Hachemi S, Strahs A, Cincotta M,
Berkenblit A, Krygowski M, Kang LL, Moore L, Hayes DF:
Randomized phase III placebo-controlled trial of letrozole
plus oral temsirolimus as firstline endocrine therapy in

86.

817.

88.

89.

90.

91.

92.

93.

94.

95.

96.

917.

98.

99.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

postmenopausal women with locally advanced or
metastatic breast cancer. ] Clin Oncol. 2013, 31: 195-202.

Shen DW, Pouliot LM, Hall MD, Gottesman MM: Cisplatin
resistance: a cellular self-defense mechanism resulting
from multiple epigenetic and genetic changes. Pharmacol
Rev. 2012, 64: 706-21.

Narayan G, Freddy AJ, Xie D, Liyanage H, Clark L, Kisselev S,
Un Kang J, Nandula SV, McGuinn C, Subramaniyam S,
Alobeid B, Satwani P, Savage D, Bhagat G, Murty VV:
Promoter methylation-mediated inactivation of PCDH10
in acute lymphoblastic leukemia contributes to
chemotherapy resistance. Genes Chromosomes Cancer.
2011, 50: 1043-53.

Yang XS, Liu SA, Liu JW, Yan Q: Fucosyltransferase IV
enhances expression of MMP-12 stimulated by EGF via
the ERK1/2, p38 and NF-KB pathways in A431 cells.
Asian Pac ] Cancer Prev. 2012, 13: 1657-62.

Sedaghat Y, Mazur C, Sabripour M, Hung G, Monia BP:
Genomic analysis of wig-1 pathways. PLoS One 2012, 7:
€294129.

Fonar Y, Frank D: FAK and WNT signaling: the meeting of two
pathways in cancer and development. Anticancer Agents
Med Chem. 2011, 11: 600-6.

Chetoui N, Boisvert M, Gendron S, Aoudjit F: Interleukin-7
promotes the survival of human CD4+ effector/memory
T cells by up-regulating Bcl-2 proteins and activating the
JAK/STAT signalling pathway. Immunology 2010, 130:
418-26.

Versteeg HH, Spek CA, Slofstra SH, Diks SH, Richel DJ,
Peppelenbosch MP: FVIIa:TF induces cell survival via
G12/G13-dependent Jak/STAT activation and BclXL
production. Circ Res. 2004, 94:1032-40.

Stechishin OD, Luchman HA, Ruan Y, Blough MD, Nguyen SA,
Kelly JJ, Cairncross JG, Weiss S: On-target JAK2/STAT3
inhibition slows disease progression in orthotopic
xenografts of human glioblastoma brain tumor stem cells.
Neuro Oncol. 2013, 15: 198-207.

Swiatek-Machado K, Mieczkowski ], Ellert-Miklaszewska A,
Swierk P, Fokt I, Szymanski S, Skora S, Szeja W,
Grynkiewicz G, Lesyng B, Priebe W, Kaminska B: Novel
small molecular inhibitors disrupt the JAK/STAT3 and
FAK signaling pathways and exhibit a potent antitumor
activity in glioma cells. Cancer Biol Ther. 2012, 13: 657-70.

Bonner JA, Yang ES, Trummell HQ, Nowsheen S, Willey CD,
Raisch KP: Inhibition of STAT-3 results in greater
cetuximab sensitivity in head and neck squamous cell
carcinoma. Radiother Oncol. 2011, 99: 339-43.

Leeman-Neill R], Seethala RR, Singh SV, Freilino ML, Bednash
JS, Thomas SM, Panahandeh MC, Gooding WE, Joyce SC,
Lingen MW, Neill DB, Grandis JR: Inhibition of EGFR-
STATS3 signaling with erlotinib prevents carcinogenesis in
a chemically-induced mouse model of oral squamous cell
carcinoma. Cancer Prev Res (Phila). 2011, 4: 230-7.

Li CH, Zhao JX, Sun L, Yao ZQ, Deng XL, Liu R, Liu XY:
AG490 inhibits NFATc1 expression and STAT3 activation
during RANKL induced osteoclastogenesis. Biochem
Biophys Res Commun. 2013, 435: 533-9.

Si'Y, Bao H, Han L, Shi H, Zhang Y, Xu L, Liu C, Wang ], Yang
X, Vohra A, Ma D: Dexmedetomidine protects against
renal ischemia and reperfusion injury by inhibiting the
JAK/STAT signaling activation. ] Transl Med. 2013,
11:141.

Starenki D, Singh NK, Jensen DR, Peterson FC, Park ]I:

Page No 16



Hassan et al., 2014

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Recombinant leukemia inhibitory factor suppresses human
medullary thyroid carcinoma cell line xenografts in mice.
Cancer Lett. 2013, 339: 144-51.

Lai SY, Johnson FM: Defining the role of the JAK-STAT pathway
in head and neck and thoracic malignancies: implications
for future therapeutic approaches. Drug Resist Updat. 2010,
13: 67-78.

Meriggi F, Di Biasi B, Abeni C, Zaniboni A: Anti-EGFR therapy
in colorectal cancer: how to choose the right patient. Curr
Drug Targets. 2009, 10: 1033-40.

Zhu H, Wang Z, Xu Q, Zhang Y, Zhai Y, Bai ], Liu M, Hui Z, Xu
N: Inhibition of STAT1 sensitizes renal cell carcinoma cells
to radiotherapy and chemotherapy. Cancer Biol Ther. 2012,
13: 401-7.

Zhang F, Shang D, Zhang Y, Tian Y: Interleukin-22 suppresses the
growth of A498 renal cell carcinoma cells via regulation of
STAT1 pathway. PLoS One. 2011, 6: ¢20382.

Li ], Favata M, Kelley JA, Caulder E, Thomas B, Wen X, Sparks
RB, Arvanitis A, Rogers D, Combs AP, Vaddi K, Solomon
KA, Scherle PA, Newton R, Fridman ]S: INCB16562, a
JAK1/2 selective inhibitor, is efficacious against multiple
myeloma cells and reverses the protective effects of cytokine
and stromal cell support. Neoplasia. 2010, 12: 28-38.

Park JH, Darvin P, Lim EJ, Joung YH, Hong DY, Park EU, Park
SH, Choi SK, Moon ES, Cho BW, Park KD, Lee HK, Kim
M]J, Park DS, Chung IM, Yang YM: Hwanggeumchal
sorghum induces cell cycle arrest, and suppresses tumor
growth and metastasis through Jak2/STAT pathways in
breast cancer xenografts. PLoS One. 2012, 7: e40531.

Cetindere T, Nambiar S, Santourlidis S, Essmann F, Hassan M:
Induction of indoleamine 2, 3-dioxygenase by death
receptor activation contributes to apoptosis of melanoma
cells via mitochondrial damage-dependent ROS
accumulation. Cell Signal. 2010, 22: 197-211.

ElLKhattouti,A, Selimovic D, Haikel Y and Hassan M: Crosstalk
Between Apoptosis and Autophagy: Molecular Mechanisms
and Therapeutic Strategies in Cancer. ] Cell Death [In
Press].

Hassan M, Feyen O, Grinstein E: Fas-induced apoptosis of renal
cell carcinoma is mediated by apoptosis signal-regulating
kinase 1 via mitochondrial damage-dependent caspase-8
activation. Cell Oncol. 2009, 31: 437-56.

Thomas SA, Vasudevan S, Thamkachy R, Lekshmi SU,
Santhoshkumar TR, Rajasekharan KN, Sengupta S:
Upregulation of DR5 receptor by the diaminothiazole
DAT1 [4-amino-5-benzoyl-2-(4-methoxy phenyl amino)
thiazole] triggers an independent extrinsic pathway of
apoptosis in colon cancer cells with compromised pro and
antiapoptotic proteins. Apoptosis. 2013,18:713-26.

Selvarajah ], Nathawat K, Moumen A, Ashcroft M, Carroll VA:
Chemotherapy-mediated p53-dependent DNA damage
response in clear cell renal cell carcinoma: role of the
mTORC1/2 and hypoxia-inducible factor pathways. Cell
Death Dis. 2013, 4:e865

Selimovic D, Badura HE, El-Khattouti A, Soell M, Porzig BB,
Spernger A, Ghanjati F, Santourlidis S, Haikel Y, Hassan M:
Vinblastine-induced apoptosis of melanoma cells is
mediated by Ras homologous A protein (Rho A) via
mitochondrial and non-mitochondrial-dependent
mechanisms. Apoptosis. 2013 18: 980-97.

Selimovic D, Porzig BB, El-Khattouti A, Badura HE, Ahmad M,
Ghanjati F, Santourlidis S, Haikel Y, Hassan M:

Bortezomib/proteasome inhibitor triggers both apoptosis

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

and autophagy-dependent pathways in melanoma cells.
Cell Signal. 2013, 25: 308-18.

Selimovic D, Sprenger A, Hannig M, Haikel Y, Hassan M:
Apoptosis related protein-1 triggers melanoma cell death
via interaction with the juxtamembrane region of p75
neurotrophin receptor. ] Cell Mol Med. 2012, 16: 349-61.

Selimovic D, Ahmad M, El-Khattouti A, Hannig M, Haikel Y,
Hassan M: Apoptosis-related protein-2 triggers melanoma
cell death by a mechanism including both endoplasmic
reticulum stress and mitochondrial dysregulation.
Carcinogenesis. 201, 32: 1268-78.

Tahir RA, Sehgal SA, Khattak NA, Khan Khattak JZ, Mir A:
Tumor necrosis factor receptor superfamily 10B
(TNFRSF10B): an insight from structure modeling to
virtual screening for designing drug against head and neck
cancer. Theor Biol Med Model. 2013, 10:38.

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL,
Goddard AD, Bauer KD, Ashkenazi A: Apo-3, a new
member of the tumor necrosis factor receptor family,
contains a death domain and activates apoptosis and NF-
kappa B. Curr Biol. 1996, 6:1669-76.

Meijer A, Kruyt FA, van der Zee AG, Hollema H, Le P, Ten Hoor
KA, Groothuis GM, Quax W], de Vries EG, de Jong S:
Nutlin-3 preferentially sensitises wild-type p53-expressing
cancer cells to DR5-selective TRAIL over rthTRAIL. Br ]
Cancer. 2013[In Press].

Charette N, De Saeger C, Horsmans Y, Leclercq I, Stirkel P:
Salirasib sensitizes hepatocarcinoma cells to TRAIL-
induced apoptosis through DR5 and survivin-dependent
mechanisms. Cell Death Dis. 2013, 4:e471.

Nencioni A, Wille L, Dal Bello G, Boy D, Cirmena G,
Wesselborg S, Belka C, Brossart P, Patrone F, Ballestrero A:
Cooperative cytotoxicity of proteasome inhibitors and
tumor necrosis factor-related apoptosis-inducing ligand in
chemoresistant Bcl-2-overexpressing cells. Clin Cancer
Res. 2005, 11:4 259-65.

Bonavida B, Ng CP, Jazirehi A, Schiller G, Mizutani Y: Selectivity
of TRAIL-mediated apoptosis of cancer cells and synergy
with drugs: the trail to non-toxic cancer therapeutics
(review). Int ] Oncol. 1999, 15: 793-802.

Soria JC, Mark Z, Zatloukal P, Szima B, Albert I, Juhasz E, Pujol
JL, Kozielski J, Baker N, Smethurst D, Hei Y], Ashkenazi A,
Stern H, Amler L, Pan Y, Blackhall F: Randomized phase 11
study of dulanermin in combination with paclitaxel,
carboplatin, and bevacizumab in advanced non-small-cell
lung cancer. ] Clin Oncol. 2011, 29: 4442-51.

Soria JC, Smit E, Khayat D, Besse B, Yang X, Hsu CP, Reese D,
Wiezorek ], Blackhall F: Phase 1b study of dulanermin
(recombinant human Apo2L/TRAIL) in combination
with paclitaxel, carboplatin, and bevacizumab in patients
with advanced non-squamous non-small-cell lung cancer. |
Clin Oncol. 2010, 28: 1527-33.

Hyer ML, Croxton R, Krajewska M, Krajewski S, Kress CL, Lu
M, Suh N, Sporn MB, Cryns VL, Zapata JM, Reed JC:
Synthetic triterpenoids cooperate with tumor necrosis
factor-related apoptosis-inducing ligand to induce
apoptosis of breast cancer cells. Cancer Res. 2005, 65:
4799-808.

Abdulghani ], Allen JE, Dicker DT, Liu YY, Goldenberg D,
Smith CD, Humphreys R, El-Deiry WS: Sorafenib
Sensitizes Solid Tumors to Apo2L/TRAIL and Apo2L/
TRAIL Receptor Agonist Antibodies by the Jak2-Stat3-
Mcl1 Axis. PLoS One. 2013, 8: e75414.

@
Press,

Page No 17



Hassan et al., 2014

125. Cao H, Cheng Y, You L, Qian ], Qian W: Homoharringtonine
and SAHA synergistically enhance apoptosis in human
acute myeloid leukemia cells through upregulation of
TRAIL and death receptors. Mol Med Rep. 2013, 7:
1838-44.

126. Gillissen B, Richter A, Richter A, Overkamp T, Essmann F,
Hemmati PG, Preissner R, Belka C, Daniel PT: Targeted
therapy of the XIAP/proteasome pathway overcomes
TRAIL-resistance in carcinoma by switching apoptosis
signaling to a Bax/Bak-independent 'type I' mode. Cell
Death Dis. 2013, 4: e643.

127. Koschny R, Ganten TM, Sykora ], Haas TL, Sprick MR, Kolb A,
Stremmel W, Walczak H: TRAIL/bortezomib cotreatment
is potentially hepatotoxic but induces cancer-specific
apoptosis within a therapeutic window. Hepatology. 2007,
45: 649-58.

128. Gu JJ, HernandezIlizaliturri FJ, Mavis C, Czuczman NM, Deeb G,
Gibbs J, Skitzki JJ, Patil R, Czuczman MS: MLN2238, a
proteasome inhibitor, induces caspase-dependent cell
death, cell cycle arrest, and potentiates the cytotoxic activity
of chemotherapy agents in rituximab-chemotherapy-
sensitive or rituximab-chemotherapy-resistant B-cell
lymphoma preclinical models. Anticancer Drugs. 2013, 24:
1030-8.

129. Bosman MC, Schuringa JJ, Quax W], Vellenga E: Bortezomib
sensitivity of acute myeloid leukemia CD34(+) cells can be
enhanced by targeting the persisting activity of NF-KB and
the accumulation of MCL-1. Exp Hematol. 2013, 41:
530-538.

130. Chen KF, Yu HC, Liu CY, Chen HJ, Chen YC, Hou DR, Chen
PJ, Cheng AL: Bortezomib sensitizes HCC cells to CS-1008,
an antihuman death receptor 5 antibody, through the
inhibition of CIP2A. Mol Cancer Ther. 2011, 10: 892-901.

131. Chen YC, Huang W], Hsu JL, Yu CC, Wang WT, Guh JH: A
novel hydroxysuberamide derivative potentiates MG132-
mediated anticancer activity against human hormone
refractory prostate cancers~the role of histone deacetylase
and endoplasmic reticulum stress. Prostate. 2013, 73:
1270-80.

132. Ismail B, Ghezali L, Gueye R, Limami Y, Pouget C, Leger DY,
Martin F, Beneytout JL, Duroux JL, Diab-Assaf M, Fagnere
C, Liagre B: Novel methylsulfonyl chalcones as potential
antiproliferative drugs for human prostate cancer:
Involvement of the intrinsic pathway of apoptosis. Int ]
Oncol. 2013, 43:1160-8.

133. Fuchs CS, Fakih M, Schwartzberg L, Cohn AL, Yee L, Dreisbach
L, Kozloff MF, Hei Y], Galimi F, Pan Y, Haddad V, Hsu CP,
Sabin A, Saltz L: TRAIL receptor agonist conatumumab
with modified FOLFOX6 plus bevacizumab for firstline
treatment of metastatic colorectal cancers A randomized
phase 1b/2 trial. Cancer. 2013[In Press).

134. Engesxter B, Engebraaten O, Florenes VA, Malandsmo GM:
Dacarbazine and the agonistic TRAIL receptor-2 antibody
lexatumumab induce synergistic anticancer effects in
melanoma. PLoS One. 2012, 7: ¢45492.

135. Song X, Kim HC, Kim SY, Basse P, Park BH, Lee BC, Lee YJ:
Hyperthermia-enhanced TRAIL- and mapatumumab-
induced apoptotic death is mediated through mitochondria
in human colon cancer cells. ] Cell Biochem. 2012,
113:1547-58.

136. Xiang H, Reyes AE 2nd, Eppler S, Kelley S, Damico-Beyer LA:
Death receptor 5 agonistic antibody PRO95780: preclinical
pharmacokinetics and concentration-effect relationship

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

support clinical dose and regimen selection. Cancer
Chemother Pharmacol. 2013,72: 405-15.

137. Micheau O, Shirley S, Dufour F: Death receptors as targets in
cancer. Br ] Pharmacol. 2013, 169: 1723-44.

138. Locklin RM, Federici E, Espina B, Hulley PA, Russell RG,
Edwards CM: Selective targeting of death receptor 5
circumvents resistance of MG-63 osteosarcoma cells to
TRAIL-induced apoptosis. Mol Cancer Ther. 2007, 6:
3219-28.

139. Prasad S, Yadav VR, Kannappan R, Aggarwal BB: Ursolic acid, a
pentacyclin triterpene, potentiates TRAIL-induced
apoptosis through p53-independent up-regulation of
death receptors: evidence for the role of reactive oxygen
species and JNK. ] Biol Chem. 2011, 286: 5546-57.

140. Wang Y, Engels IH, Knee DA, Nasoff M, Deveraux QL, Quon
KC: Synthetic lethal targeting of MYC by activation of the
DR5 death receptor pathway. Cancer Cell. 2004, 5:
501-12.

141. Kaplan-Letko PJ, Graves JD, Zoog SJ, Pan Y, Wall ], Branstetter
DG, Moriguchi ], Coxon A, Huard JN, Xu R, Peach ML,
Juan G, Kaufman S, Chen Q, Bianchi A, Kordich JJ, Ma M,
Foltz IN, Gliniak BC: Conatumumab, a fully human
agonist antibody to death receptor 5, induces apoptosis via
caspase activation in multiple tumor types. Cancer Biol
Ther. 2010, 9: 618-31.

142. Wu F, Wang J, Wang Y, Kwok TT, Kong SK, Wong C: Estrogen-
related receptor alpha (ERRalpha) inverse agonist
XCT-790 induces cell death in chemotherapeutic resistant
cancer cells. Chem Biol Interact. 2009, 181: 236-42.

143. Xiang H, Reyes AE 2nd, Eppler S, Kelley S, Damico-Beyer LA:
Death receptor 5 agonistic antibody PRO95780:
preclinical pharmacokinetics and concentration-effect
relationship support clinical dose and regimen selection.
Cancer Chemother Pharmacol. 2013,72: 405-15.

144. Jiang M, Wang CY, Huang S, Yang T, Dong Z: Cisplatin-induced
apoptosis in p53-deficient renal cells via the intrinsic
mitochondrial pathway. Am ] Physiol Renal Physiol. 2009,
296: F983-93.

145. Hassan M, Alaoui A, Feyen O, Mirmohammadsadegh A,
Essmann F, Tannapfel A, Gulbins E, Schulze-Osthoff K,
Hengge UR: The BH3-only member Noxa causes
apoptosis in melanoma cells by multiple pathways.
Oncogene. 2008, 27:4557-68.

146. Chan SL, Yu VC: Proteins of the bcl-2 family in apoptosis
signalling: from mechanistic insights to therapeutic
opportunities. Clin Exp Pharmacol Physiol.
2004,31:119-28.

147. Chipuk JE, Fisher JC, Dillon CP, Kriwacki RW, Kuwana T,
Green DR: Mechanism of apoptosis induction by
inhibition of the anti-apoptotic BCL-2 proteins. Proc Natl
Acad Sci U S A. 2008,105: 20327-32.

148. Srimatkandada P, Loomis R, Carbone R, Srimatkandada S, Lacy
J: Combined proteasome and Bcl-2 inhibition stimulates
apoptosis and inhibits growth in EBV-transformed
lymphocytes: a potential therapeutic approach to EBV-
associated lymphoproliferative diseases. Eur ] Haematol.
2008,80: 407-18.

149. Ozaki T, Nakagawara A, Nagase H: RUNX Family Participates
in the Regulation of p53-Dependent DNA Damage
Response. Int ] Genomics. 2013 [In Press].

150. Akdemir KC, Jain AK, Allton K, Aronow B, Xu X, Cooney AJ, Li
W, Barton MC: Genome-wide profiling reveals stimulus-
specific functions of p53 during differentiation and DNA

@
Press,

Page No 18



Hassan et al., 2014

damage of human embryonic stem cells. Nucleic Acids Res.
2013 [In Press].

151. Neise D, Sohn D, Stefanski A, Goto H, Inagaki M, Wesselborg S,
Budach W, Stithler K, Jinicke RU: The p90 ribosomal S6
kinase (RSK) inhibitor BI-D1870 prevents gamma
irradiation-induced apoptosis and mediates senescence via

RSK- and p53-independent accumulation of pZIWAFl/

CIPI. Cell Death Dis. 2013 [In Press].

152. Tovar C, Graves B, Packman K, Filipovic Z, Higgins B, Xia M,
Tardell C, Garrido R, Lee E, Kolinsky K, To KH, Linn M,
Podlaski F, Wovkulich P, Vu B, Vassilev LT: MDM2 small-
molecule antagonist RG7112 activates p53 signaling and
regresses human tumors in preclinical cancer models.
Cancer Res. 2013, 73:2587-97.

153. Wu R, Baker SJ, Hu TC, Norman KM, Fearon ER, Cho KR: Type
I to type II ovarian carcinoma progression: mutant Trp53
or Pik3ca confers a more aggressive tumor phenotype in a
mouse model of ovarian cancer. Am ] Pathol. 2013,
182:1391.9.

154. Wouters A, Pauwels B, Lambrechts HA, Pattyn GG, Ides ], Baay
M, Meijnders P, Peeters M, Vermorken ]B, Lardon F:
Retention of the in vitro radiosensitizing potential of
gemcitabine under anoxic conditions, in p53 wild-type and
p53-deficient non-small-cell lung carcinoma cells. Int ]
Radiat Oncol Biol Phys. 2011, 80:558-66.

155. Kigawa J, Sato S, Shimada M, Kanamori Y, Itamochi H, Terakawa
N: Effect of p53 gene transfer and cisplatin in a peritonitis
carcinomatosa model with p53-deficient ovarian cancer
cells. Gynecol Oncol. 2002, 84: 210-5.

156. Aryee DN, Niedan S, Ban ], Schwentner R, Muehlbacher K,
Kauer M, Kofler R, Kovar H: Variability in functional p53

reactivation by PRIMA—IMet/APR-246 in Ewing sarcoma.
Br ] Cancer. 2013 [In Press].

157. Messina RL, Sanfilippo M, Vella V, Pandini G, Vigneri P, Nicolosi
ML, Giani F, Vigneri R, Frasca F: Reactivation of p53
mutants by prima-1 [corrected] in thyroid cancer cells. Int ]
Cancer. 2012, 130(10):2259-70.

158. Mouraret N, Marcos E, Abid S, Gary-Bobo G, Saker M, Houssaini
A, Dubois-Rande JL, Boyer L, Boczkowski J, Derumeaux G,
Amsellem V, Adnot S: Activation of lung p53 by Nutlin-3a
prevents and reverses experimental pulmonary
hypertension. Circulation. 2013, 127:1664-76.

159. Kojima K, Konopleva M, Samudio IJ, Schober WD, Bornmann
WG, Andreeff M: Concomitant inhibition of MDM2 and
Bcl-2 protein function synergistically induce mitochondrial
apoptosis in AML. Cell Cycle. 2006, 5: 2778-86.

160. Van Maerken T, Sp eleman F, Vermeulen J, Lambertz I, De Clercq
S, De Smet E, Yigit N, Coppens V, Philippé ], De Paepe A,
Marine JC, Vandesompele J: Small-molecule MDM2
antagonists as a new therapy concept for neuroblastoma.
Cancer Res. 2006, 66: 9646-55.

161. Kaufmann SH, Vaux DL: Alterations in the apoptotic machinery
and their potential role in anticancer drug resistance.
Oncogene. 2003, 22: 7414-30.

162. Nickoloff BJ, Qin JZ, Chaturvedi V, Bacon P, Panella ], Denning
MEF: Life and death signaling pathways contributing to skin
cancer. ] Investig Dermatol Symp Proc. 2002, 7: 27-35

163. Labi V, Grespi F, Baumgartner F, Villunger A: Targeting the
Bcl-2-regulated apoptosis pathway by BH3 mimetics: a
breakthrough in anticancer therapy? Cell Death Differ.
2008, 15: 977-87.

164. Stegh AH, DePinho RA: Beyond effector caspase inhibition:

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

Bcl2L12 neutralizes p53 signaling in glioblastoma. Cell
Cycle. 2011, 10: 33-8.

Cakir E, Yilmaz A, Demirag F, Oguztuzun S, Sahin S, Yazici UE,
Aydin M: Prognostic significance of micropapillary
pattern in lung adenocarcinoma and expression of
apoptosis-related markers: caspase-3, bcl-2, and p53.
APMIS. 2011,119:574-80.

Hu X, Li W, Liu G, Wu H, Gao Y, Chen S, He D, Zhang Y: The
effect of Bcl-2 siRNA combined with miR-15a
oligonucleotides on the growth of Raji cells. Med Oncol.
2013, 30: 430.

Taratula O, Garbuzenko OB, Chen AM, Minko T: Innovative
strategy for treatment of lung cancer: targeted
nanotechnology-based inhalation co-delivery of anticancer
drugs and siRNA. ] Drug Target. 2011, 19: 900-14.

Zhang X, Li Y, Li H, Qin Y, Bai C, Xu F, Zhu T, Xu ], Wu M,
Wang C, Wei L, He J: Combined EGFR and VEGFR
versus single EGFR signaling pathways inhibition therapy
for NSCLC: a systematic review and meta-analysis. PLoS
One. 2012, 7: e40178.

Li J, Li Y, Feng ZQ, Chen XG: Anti-tumor activity of a novel
EGFR tyrosine kinase inhibitor against human NSCLC in
vitro and in vivo. Cancer Lett. 2009, 279: 213-20.

Yamatodani T, Ekblad L, Kjellén E, Johnsson A, Mineta H,
Wennerberg J: Epidermal growth factor receptor status
and persistent activation of Akt and p44/42 MAPK
pathways correlate with the effect of cetuximab in head
and neck and colon cancer cell lines. ] Cancer Res Clin
Oncol. 2009, 135: 395-402.

Hotz B, Keilholz U, Fusi A, Buhr HJ, Hotz HG: In vitro and in
vivo antitumor activity of cetuximab in human gastric
cancer cell lines in relation to epidermal growth factor
receptor (EGFR) expression and mutational phenotype.
Gastric Cancer. 2012, 15: 252-64.

Notte A, Leclere L, Michiels C: Autophagy as a mediator of
chemotherapy-induced cell death in cancer. Biochem
Pharmacol. 2011, 82: 427-34.

Kondo Y, Kondo S: Autophagy and cancer therapy. Autophagy.
2006, 2: 8590.

Lorin S, Hamai A, Mehrpour M, Codogno P: Autophagy
regulation and its role in cancer. Semin Cancer Biol. 2013;
23:361-79.

Fan ], Zeng X, Li Y, Wang S, Wang Z, Sun Y, Gao H, Zhang G,
Feng M, Ju D: Autophagy Plays a Critical Role in
ChLym-1-Induced Cytotoxicity of Non-Hodgkin's
Lymphoma Cells. PLoS One. 2013, 8: e72478.

Lan SH, Wu SY, Zuchini R, Lin XZ, Su IJ, Tsai TF, Lin Y], Wu
CT, Liu HS: Autophagy suppresses tumorigenesis of
hepatitis B virus-associated hepatocellular carcinoma
through degradation of miR-224. Hepatology. 2013 [In
Press).

Kenzelmann Broz D, Attardi LD: TRP53 activates a global
autophagy program to promote tumor suppression.
Autophagy. 2013,9:1440-2.

Sun K, Deng W, Zhang S, Cai N, Jiao S, Song ], Wei L:
Paradoxical roles of autophagy in different stages of
tumorigenesis: protector for normal or cancer cells. Cell
Biosci. 2013, 3: 35.

Toshima T, Shirabe K, Matsumoto Y, Yoshiya S, lkegami T,
Yoshizumi T, Soejima Y, lkeda T, Maehara Y: Autophagy
enhances hepatocellular carcinoma progression by
activation of mitochondrial B-oxidation. ] Gastroenterol.

2013 [In Press].

Page No 19



Hassan et al., 2014

180. Notte A, Ninane N, Arnould T, Michiels C: Hypoxia counteracts
taxol-induced apoptosis in MDA-MB-231 breast cancer
cells: role of autophagy and JNK activation. Cell Death Dis.
2013,4:e638.

181. Wu S, Wang X, Chen ], Chen Y: Autophagy of cancer stem cells
is involved with chemoresistance of colon cancer cells.
Biochem Biophys Res Commun. 2013, 434:898-903.

182. Liu F, Liu D, Yang Y, Zhao S: Effect of autophagy inhibition on
chemotherapy-induced apoptosis in A549 lung cancer cells.
Oncol Lett. 2013, 5:1261-1265.

183. Kim HJ, Lee SG, Kim Y], Park JE, Lee KY, Yoo YH, Kim JM:
Cytoprotective role of autophagy during paclitaxel-induced
apoptosis in Saos-2 osteosarcoma cells. Int ] Oncol. 2013,
42:1985.92.

184. Lin JC, Huang WP, Liu CL, Lee ]JJ, Liu TP, Ko WC, Huang YC,
Hsu ML, Wu CH, Chen Y]J: Sorafenib induces autophagy in
human myeloid dendritic cells and prolongs survival of
skin allografts. Transplantation. 2013, 95:791-800.

185. Wang Y, Hu Z, Liu Z, Chen R, Peng H, Guo ], Chen X, Zhang H:
mTOR inhibition attenuates DNA damage and apoptosis
through autophagy-mediated suppression of CREBI.
Autophagy. 2013 [In Press).

186. He G, Wang Y, Pang X, Zhang B: Inhibition of autophagy
induced by TSA sensitizes colon cancer cell to radiation.
Tumour Biol. 2013 [In Press].

187. Vijayakurup V, Spatafora C, Tringali C, Jayakrishnan PC, Srinivas
P, Gopala S: Phenethyl caffeate benzoxanthene lignan is a
derivative of caffeic acid phenethyl ester that induces
bystander autophagy in WiDr cells. Mol Biol Rep. 2013 [In
Press].

188. Yoshida T, Shiraishi T, Horinaka M, Wakada M, Sakai T:
Glycosylation modulates TRAIL-R1/death receptor 4
protein: different regulations of two pro-apoptotic
receptors for TRAIL by tunicamycin. Oncol Rep. 2007,
18:123942.

189. Ding WX, Ni HM, Gao W, Hou YF, Melan MA, Chen X, Stolz
DB, Shao ZM, Yin XM: Differential effects of endoplasmic
reticulum stress-induced autophagy on cell survival. ] Biol
Chem. 2007, 282: 4702-10.

190. Ben Aicha S, Lessard ], Pelletier M, Fournier A, Calvo E, Labrie C:
Transcriptional profiling of genes that are regulated by the
endoplasmic reticulum-bound transcription factor AIbZIP/
CREB3L4 in prostate cells. Physiol Genomics. 2007, 31:
295-305.

191. Yang CC, Wu CT, Chen LP, Hung KY, Liu SH, Chiang CK:
Autophagy induction promotes aristolochic acid-Iinduced
renal injury in vivo and in vitro. Toxicology.
2013,312:63-73.

192. Chen N, Debnath J: IKB kinase complex (IKK) triggers
detachment-induced autophagy in mammary epithelial
cells independently of the PI3K-AKT-MTORC1 pathway.
Autophagy. 2013, 9:1214-27.

193. Wang EY, Gang H, Aviv Y, Dhingra R, Margulets V, Kirshenbaum
LA: p53 mediates autophagy and cell death by a
mechanism contingent on Bnip3. Hypertension. 2013,
62:70-7.

194. Jeong HS, Choi HY, Lee ER, Kim JH, Jeon K, Lee H], Cho SG:
Involvement of caspase9 in autophagy-mediated cell
survival pathway. Biochim Biophys Acta. 2011, 1813: 80-90.

195. Gao P, Bauvy C, Souquére S, Tonelli G, Liu L, Zhu Y, Qiao Z,
Bakula D, Proikas-Cezanne T, Pierron G, Codogno P, Chen
Q, Mehrpour M: The Bcl-2 homology domain 3 mimetic
gossypol induces both Beclin 1-dependent and Beclin 1-

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

independent cytoprotective autophagy in cancer cells. ]
Biol Chem. 2010, 285: 25570-81.

196. Jakubowicz-Gil J, Langner E, Badziul D, Wertel I, Rzeski W:
Silencing of Hsp27 and Hsp72 in glioma cells as a tool for
programmed cell death induction upon temozolomide
and quercetin treatment. Toxicol Appl Pharmacol. 2013[In
Press].

197. Gong A, Ye S, Xiong E, Guo W, Zhang Y, Peng W, Shao G, Jin ],
Zhang Z, Yang ], Gao ]J: Autophagy contributes to ING4-
induced glioma cell death. Exp Cell Res. 2013, 319:1714-23.

198. Wang SY, Yu QJ, Zhang RD, Liu B: Core signaling pathways of
survival/death in autophagy-related cancer networks. Int ]
Biochem Cell Biol. 2011, 43:1263-6.

199. Ohne Y, Takahara T, Hatakeyama R, Matsuzaki T, Noda M,
Mizushima N, Maeda T: Isolation of hyperactive mutants
of mammalian target of rapamycin. ] Biol Chem. 2008,
283: 31861-70.

200.Li TY, Lin SY, Lin SC: Mechanism and physiological
significance of growth factor-related autophagy. Physiology
(Bethesda). 2013, 28: 423-31.

201. Kim KW, Paul P, Qiao J, Chung DH: Autophagy mediates
paracrine regulation of vascular endothelial cells. Lab
Invest. 2013, 93: 639-45.

202.Lu Z, Luo RZ, Lu Y, Zhang X, Yu Q, Khare S, Kondo S, Kondo Y,
Yu Y, Mills GB, Liao WS, Bast RC Jr: The tumor
suppressor gene ARHI regulates autophagy and tumor
dormancy in human ovarian cancer cells. ] Clin Invest.
2008, 118: 3917-29.

203.Kim R, Emi M, Tanabe K: Role of mitochondria as the gardens
of cell death. Cancer Chemother Pharmacol. 2006, 57:
545-53.

204. Ogier-Denis E, Pattingre S, El Benna ], Codogno P: Erkl/2-
dependent phosphorylation of Galpha-interacting protein
stimulates its GTPase accelerating activity and autophagy
in human colon cancer cells. ] Biol Chem. 2000, 275:
39090-5

205. Guo WJ, Zhang YM, Zhang L, Huang B, Tao FF, Chen W, Guo
7], Xu Q, Sun Y: Novel monofunctional platinum (II)
complex Mono-Pt induces apoptosis-independent
autophagic cell death in human ovarian carcinoma cells,
distinct from cisplatin. Autophagy. 2013, 9: 996-1008.

206. Strozyk E, Kulms D: The role of AKT/mTOR pathway in stress
response to UV-irradiation: implication in skin
carcinogenesis by regulation of apoptosis, autophagy and
senescence. Int ] Mol Sci. 2013, 14:15260-85.

207. Zhang X, Wei H, Liu Z, Yuan Q, Wei A, Shi D, Yang X, Ruan J:
A novel protoapigenone analog RY10-4 induces breast
cancer MCF-7 cell death through autophagy via the Akt/
mTOR pathway. Toxicol Appl Pharmacol. 2013, 270:122-8.

208. Wiedemann S, Wessela T, Schwarz K, Joachim D, Jercke M,
Strasser RH, Ebner B, Simonis G: Inhibition of anti-
apoptotic signals by Wortmannin induces apoptosis in the
remote myocardium after LAD ligation: evidence for a
protein kinase C-8-dependent pathway. Mol Cell Biochem.
2013, 372: 275-83.

209. Zhao Y, Chen H, Shang Z, Jiao B, Yuan B, Sun W, Wang B, Miao
M, Huang C: SD118-xanthocillin X (1), a novel marine
agent extracted from Penicillium commune, induces
autophagy through the inhibition of the MEK/ERK
pathway. Mar Drugs. 2012, 10:1345-59.

210. Harberts E, Fishelevich R, Liu J, Atamas SP, Gaspari AA: MyD88
mediates the decision to die by apoptosis or necroptosis
after UV irradiation. Innate Immun. 2013 [In Press].

Page No 20



Hassan et al., 2014

211. Notte A, Ninane N, Arnould T, Michiels C: Hypoxia counteracts
taxol-induced apoptosis in MDA-MB-231 breast cancer
cells: role of autophagy and JNK activation. Cell Death Dis.
2013, 4:¢638

212. Gandesiri M, Chakilam S, Ivanovska ], Benderska N, Ocker M, Di
Fazio P, Feoktistova M, Gali-Muhtasib H, Rave-Frink M,
Prante O, Christiansen H, Leverkus M, Hartmann A,
Schneider-Stock R: DAPK plays an important role in
panobinostat-induced autophagy and commits cells to
apoptosis under autophagy deficient conditions. Apoptosis.
2012,17: 1300-15.

213. Theron AE, Nolte EM, Lafanechére L, Joubert AM: Molecular
crosstalk between apoptosis and autophagy induced by a
novel 2-methoxyestradiol analogue in cervical
adenocarcinoma cells. Cancer Cell Int. 2013, 13: 87.

214. Kim AD, Kang KA, Kim HS, Kim DH, Choi YH, Lee SJ, Kim HS,
Hyun JW: A ginseng metabolite, compound K, induces
autophagy and apoptosis via generation of reactive oxygen
species and activation of JNK in human colon cancer cells.
Cell Death Dis. 2013, 4:e750.

215. LiY, Zhang ], Ma H, Chen X, Liu T, Jiao Z, He W, Wang F, Liu X,
Zeng X: Protective role of autophagy in matrine-induced
gastric cancer cell death. Int ] Oncol. 2013, 42:1417-26.

216. Zhang T, Li Y, Park KA, Byun HS, Won M, Jeon ], Lee Y, Seok JH,
Choi SW, Lee SH, Man Kim ], Lee JH, Son CG, Lee ZW,
Shen HM, Hur GM: Cucurbitacin induces autophagy
through mitochondrial ROS production which counteracts
to limit caspase-dependent apoptosis. Autophagy. 2012,
8:559-76.

217. Zhang HQ, He B, Fang N, Lu S, Liao YQ, Wan YY: Autophagy

VRI Cell Signaling 2014; Volume 2 (Issue 1): Pages 1-21

inhibition sensitizes Cisplatin cytotoxicity in human
gastric cancer cell line sgc7901. Asian Pac ] Cancer Prev.
2013, 14: 4685-8.

218. Racoma 10, Meisen WH, Wang QE, Kaur B, Wani AA:
Thymoquinone inhibits autophagy and induces cathepsin-
mediated, caspase-independent cell death in glioblastoma
cells. PLoS One. 2013, 8: e72882.

219. Di X, Zhang G, Zhang Y, Takeda K, Rosado LA, Zhang B:
Accumulation of autophagosomes in breast cancer cells
induces TRAIL resistance through downregulation of
surface expression of death receptors 4 and 5. Oncotarget.
2013, 4: 1349-64.

220. Biasoli D, Kahn SA, Cornélio TA, Furtado M, Campanati L,
Chneiweiss H, Moura-Neto V, Borges HL: Retinoblastoma
protein regulates the crosstalk between autophagy and
apoptosis, and favors glioblastoma resistance to etoposide.
Cell Death Dis. 2013,4:e767.

221. Djavaheri-Mergny M, Maiuri MC, Kroemer G: Cross talk
between apoptosis and autophagy by caspase-mediated
cleavage of Beclin 1. Oncogene. 2010, 29:1717-9.

222. Fujiwara K, Daido S, Yamamoto A, Kobayashi R, Yokoyama T,
Aoki H, Iwado E, Shinojima N, Kondo Y, Kondo S: Pivotal
role of the cyclin-dependent kinase inhibitor p21WAF1/
CIP1 in apoptosis and autophagy. ] Biol Chem. 2008,
283:388917.

223. Kanematsu S, Uehara N, Miki H, Yoshizawa K, Kawanaka A,
Yuri T, Tsubura A: Autophagy inhibition enhances
sulforaphane-induced apoptosis in human breast cancer

cells. Anticancer Res. 2010, 30:3381-90.

Note: Vedic Research International, Vedic Research Inc. does not responsible for any data in the present article including, but not
limited to, writeup, figures, tables. If you have any questions, directly contact authors.

Visit us @ www.vedicjournals.com : DOI: http:

Copyright © 2013-2014 VRI Press, USA. All rights reserved.

HUthOrS'Columﬂ

dx.doi.org/10.142

CS.V2il.

Dr. Mohamed Hassan was Group leader of the Molecular Tumor Therapy up to Dec. 2011 at the
University Hospital of Duesseldorf, Germany. Currently, He is Group leader of the Molecular Tumor
Therapy at “Institut National de la Santé et de la Recherche Médicale (INSERM), and Dental Faculty,
| University of Strasbourg, Strasbourg, France. Since September 2013, he is senior researcher at Cancer
| Institute, University of Mississippi Medical Center, Jackson, Mississippi, USA. Dr. Hassan earned his
Bachelor of Science from University of Zagazig, and earnd BSc, MSc, in Biomedical Science, at the
University of duesseldorf. Dr. Hassan earned his PhD in Molecular Medicine/ Viral Oncology from the
University of Duessledorf, Duesseldorf, Germany. Dr. Hassan specialized in Cancer Research, with
particular interests in the field of Melanoma Research, Viral Oncology, Hepatocellular carcinoma and
Molecular Tumor Therapies. He is the recipient of Robert Frank award from International Association
of Dental Research (IADR) 2007, and Japanese society of internal medicine award, 2011. Dr. Hassan,
published more than 70 publications in the field of Cancer Research and Infectious Diseases. In
addition, Dr. Hassan is contributing Editor in Chief of many of international Journals. Also Dr. Hassan
is invited Reviewer by many of international peer-reviewed journals.

Press,

Page No 21


http://www.vedicjournals.com
http://dx.doi.org/10.14259/cs.v2i1.97

