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Abstract

Tumor cell demise is an important event in the elimination of abnormal malignant cells and provides
an important mechanism of natural tumor suppression. Abnormalities incapacitating these finely
tuned processes provide a strong advantage for cancer clones to succeed in evading both the
physiological control systems and therapeutic intervention. Expanding our knowledge of the
molecular “cross-talks” that regulate tumor cell demise is crucial in guiding the successful design of
future anti-cancer therapeutics. Although currently available data indicate that elimination of
malignant cells often depends on classical apoptotic pathways (mitochondrial and/or death receptor
pathways), the evidence is mounting that alternative apoptotic and non-apoptotic pathways may
effectively contribute to tumor cell death. The assumption that every organelle is capable of sensing,
amplificating and executing cell death is also a relatively novel and unexplored concept. As recently
shown, the secretory pathway can be actively involved in sensing stress stimuli and possibly even
initiating and propagating cell death signaling. Experimental evidence indicates that ER and Golgi
apparatus can activate both pro-survival (recovery) mechanisms as well as cell suicide programs if
the stress-signaling threshold is exceeded. It is thus conceivable that the fragile balance of protein
trafficking between various subcellular compartments provides an exceptional therapeutic
opportunity. Interestingly, a growing number of reports recognize novel therapeutic targets, including
proteins in control of endoplasmic reticulum (ER) and Golgi homeostasis. Further studies are,
however, needed to elucidate precise sighaling pathways emanating from ER-Golgi compartment.
Development of more potent and selective small-molecule drugs that activate ER-Golgi mediated
cell demise is also needed. As the interest in the role of ER-Golgi network during cancer cell death
has been gaining momentum, we attempt here to critically appraise current status of development of
investigational anti-cancer agents that target ER and/or Golgi.
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Introduction

Induction of cell death in neoplasia is a critical event defining tumor growth rate, its regression,
and response to treatment [1,2,3]. Abnormalities incapacitating cell death machinery provide
tumor cells with a strong survival advantage, and thereby affect the intrinsic response to
oncogene activation, immune surveillance, tumor microenvironment (e.g. hypoxia and nutrient
shortage), as well as to chemotherapy [1,4]. Evasion of programmed cell death (PCD) is,
therefore, often considered as one of the “hallmarks of cancer” [1]. Considerable progress is
still being made in our awareness of the variety of cell death modes. Multiple studies have
indicated that classical caspase-dependent apoptosis is acommon outcome of many anti-cancer
therapies [5,6,7]. Recent reports have also characterized several alternative cell death
pathways, including caspase independent PCD, cell death dependent on autophagy genes,
necrosis-like PCD or mitotic catastrophe [8,9,10]. These studies have enormous impact on our
understanding of cancer development and therapy [11,12,13,14]. Pharmacological inhibitor
studies as well as genetic knock-out and knock-down approaches have revealed that
mechanisms of cell disintegration vary depending on the cell type, cellular microenvironment
(both in terms of neighboring cells as well as of intercellular matrix), and also the character
and intensity of stress inducers [8,11,10,15].

In the context of cancer therapy, novel pathways, involving endoplasmic reticulum (ER), Golgi
apparatus, lysosomes, autophagy and programmed necrosis all are being recognized as
potential drug targets for possible therapeutic interventions [2,15,16,17,18].

Rediscovering forgotten pathways

Studies on the canonical pathways of apoptosis have provided insights into molecular
mechanisms promoting cell survival or predisposing to death. The seminal discoveries of the
role of Bcl-2 family members, cytochrome c/Apaf-1 and caspases in execution of cell death
greatly enhanced our understanding of cell death processes, and at the same time revealed some
unexpected conundrums [2,8,9]. Above all, the universality of the mitochondrial pathway of
apoptosis in response to stress signals, including anti-cancer modalities, has been questioned.
Undoubtedly, the fascination in the mitochondrion over-shadowed the potential importance of
other organelles that can also act as stress sentinels [2,11,12,14]. Therefore, several critical
questions have to be raised. Is mitochondrion self-sufficient in initiating and propagating all
intrinsic death signals or does it only represent a cog in a more complex intracellular
continuum? Moreover, as biological systems generally show plasticity and redundancy, do
alternative back up mechanisms exist to allow cell suicide when mitochondrial pathway is
abrogated? [2,8,14]

For decades our knowledge on the homeostatic functions of endoplasmic reticulum (ER), Golgi
apparatus, endosomal/lysosomal compartment, cytoskeleton and plasma membrane have been
intensively evolving [19]. We have gained profound insights into the dynamic interaction
between all these intracellular compartments as well as structural and functional complexity
in the interactive inter-organelle crosstalk that is required for cell survival [19]. Still, the
assumption that each organelle is capable of sensing, amplificating and executing cell death is
a relatively novel and unexplored concept [20,21,22,23]. As recently shown, the secretory
pathway can be actively involved in sensing stress stimuli and possibly even initiating and
propagating cell death signaling (Fig. 1) [20,22]. Moreover, experimental evidence indicates
that ER and Golgi apparatus can activate both pro-survival (recovery) mechanisms as well as
cell suicide programs if the stress-signaling threshold is exceeded [20,22,23]. It is conceivable
that the fragile balance of protein trafficking between various subcellular compartments
provides an exceptionally sensitive damage sensor [19,20,22]. Of interest is the interaction
between the mitochondrion with its members of the Bcl-2 family that participates in integrating
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various incoming death messages, and ER. Thus, Bax overexpression has also been recently
found to induce Ca2* mobilization from ER stores, and convincing data indicate that Bcl-2 co-
localizes with ER and protects cells from thapsigargin-mediated apoptosis [24,25,26].
Moreover, p53-dependent overexpression of Bax and down-regulation of Bcl-2 is known to
directly influence ER (Fig. 1), lending further support to the complexity of nucleus-ER-
mitochondria axis and its role in initiation and propagation of cell death processes.

Interestingly, recent discoveries have enhanced our understanding of the transcription-
independent role of p53 in apoptosis [27,28]. In analogy to BH3-only peptides p53 can
reportedly translocate to mitochondria and directly interact with pro-and anti-apoptotic Bcl-2
family members [28,29,30]. In this context, we cannot exclude that transcription-independent
function of p53 can in similar manner regulate cell death induced by ER stress. The evidence
is also mounting that signals emanating from the ER-Golgi network may bypass mitochondrion
and efficiently execute programmed cell death (Fig. 1) [20,31]. Broader understanding of these
non-canonical pathways, and the transcription-independent role of p53 is expected to reveal
novel molecular targets for anti-cancer drug development.

Waves of destruction: ER, calcium and beyond

The involvement of ER in stress sensing encompasses two mainstream mechanisms, namely
unfolded protein response (UPR), and calcium signaling (Fig 1 and 2). UPR can be further
subdivided into a transcription-dependent and transcription-independent mechanisms; the
former is also involved in initial cell recovery pathways [19,32,33].

Transcription-dependent UPR

The accumulation of unfolded proteins in response to stress stimuli (e.g. inhibition of N-linked
glycosylation by tunicamycin; disruption of ER-Golgi vesicular transport by brefeldin A or
deficient formation of disulfide bonds by dithiothreitol) leads to their competitive binding to
ER-luminal chaperon BiP/GRP78 [32,34]. It displaces BiP/GRP78 form the ER-membrane
residual serine-threonine kinase Irel-a, allowing its dimerization and autophosphorylation on
a cytosolic tail (Fig. 2) [34]. Following activation, the cytosolic fragment of Irel-o undergoes
cleavage by preselin-1 (PS-1) and translocates to nucleus where it promotes transcription of
endoplasmic-resident chaperones (BiP, calreticulin) and transcription factor CHOP/GADD
153 (Fig. 2) [34,35,36]. In the context of cellular demise CHOP/GADD 153 has been shown
to down-regulate Bcl-2 expression and thus initiate mitochondrial apoptotic program (Fig. 2)
[37]. Moreover, tunicamycin-induced ER-stress has recently been found to up-regulate
expression of TRAIL receptor DR5 through CHOP/GADD 153 transcription factor in human
prostate and carcinoma cells [38]. Intriguingly, the p53-mediated trans-activation of Puma and
Noxa in response to thapsigargin and tunicamycin has been demonstrated in the recent work
of Li and colleagues (Fig. 2) [39]. Although ER UPR-p53 link still remains elusive it delivers
novel insights on the complexity of pro-death signaling launched in response to secretory
pathway stressors [19].

Transcription-independent UPR

Following activation, Irel-a reportedly attracts adaptor protein TRAF-2 (TNFR-associated
protein 2) [40]. Formation of Ire1-o/TRAF-2 complexes at the cytosolic face of ER is postulated
to activate c-Jun N-terminal kinase (JNK) pathway and/or participate in recruitment, clustering
and auto-activation of pro-caspase 12 molecules (Fig. 2) [40,41]. INK reportedly inhibits Bcl-2
function leading to impaired sequestration of pro-apoptotic Bax, BH3-only proteins and
regulation of ER Ca2* stores [42]. There are also hints that INK activity can directly modulate
function of BH3-only protein Bim, hence strongly influencing mitochondrial pro-apoptotic
signaling (Fig 2) [21,23,43].
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The discovery of the caspase 12 as an apical enzyme involved in response to ER damage
delivered novel, speculative links to the classical apoptotic machinery [44]. Although
functionally present only in rodents, caspase 12, is localized specifically to the cytosolic side
of ER [45,46]. Its activation in mouse embryonic fibroblasts has been reported to exclusively
follow ER-targeted stress inducers such as brefeldin A, tunicamycin and thapsigargin [21]. The
ER stress-activated caspase 12 was also shown to mediate cisplatin-induced apoptosis of mouse
renal tubular epithelial cells [47]. On the other hand, inhibition of caspase 12 activity by
overexpression of its endogenous inhibitor MAGE-3 has been reported to diminish ER-stress
mediated apoptotic response in murine cells (Fig. 1) [20,48]. There are, however, still
conflicting reports on the requirement of caspase 12 in the ER-stress response [21,45,46]. Apart
from Irel-a/TRAF-2-mediated auto-proteolysis, several alternative models of activation have
lately been proposed for caspase 12, including: Ca2*-dependent cleavage by m-calpain; CARD
domain-mediated clustering on an unidentified Apaf-1-like adaptor molecule; GRP78
mediated formation of caspase 7/caspase 12 dimers (Fig 2) [21]. Since human lack functional
caspase 12 the quest is still ongoing to decipher its exact human orthologue [21,49]. In this
context caspase 4 has been recently demonstrated to co-localize with and participate in ER-
induced apoptosis [50]. Expanding the complexity of apoptotic pathways an isoform of pro-
caspase 8, pro-caspase 8L, has also been found to be activated at the ER via interaction with
Bap31 protein (Fig 2) [51].

Calcium flux in apoptosis

Stress signals culminating at the endoplasmic reticulum can also trigger rapid Ca%* release
from luminal ER stores. This process is efficiently executed by the inositol- 1,4,5-triphosphate
receptors (IP3Rs) or ryanodine receptors (RyRs) serving as Ca2* channels (Fig. 2) [24,33].
Both pro- and anti-apoptotic members of the Bcl-2 family have also been postulated as players
in regulation of the ER Ca2* homeostasis [33,52,53]. Moreover since mitochondria often are
in close proximity with tubular ER network the inter-organelle information transfer is likely
involved in triggering pro-apoptotic signaling [54,55]. In this regard, recent work of Boehning
and colleagues illustrates novel insight into the ER-mitochondrion crosstalk at the very early
stages of apoptosis induction (Fig 1). Clearly the initial cytochrome c release may initiate the
activation of IP3Rs, Ca2* discharge from ER and subsequent feedback on mitochondria through
the PTP dependent MMP (Fig. 2) [33,56].

Apart from eliciting mitochondrial MMP, the rapid Ca2* mobilization from ER lumen can also
evoke activation of cytosolic Ca2*-dependent proteases, calpains. The latter are being reported
to play a role in both caspase 12 processing and sole propagation of cellular dismantling (Fig.
1 and 2) [45,46,57].

Golgi - the forgotten organelle

It has been known for some time that Golgi apparatus is being dissembled during apoptosis in
a manner similar to that observed during mitosis [58]. Polo-like kinase-3 (PIk3) is localized in
Golgi apparatus and is likely the protein kinase that mediates fragmentation of this organelle
during mitosis and apoptosis [59]. Interestingly, P1k3, an immediate DNA damage response
gene product, induced by the environmental and genotoxic streass, also plays an important role
in the DNA damage checkpoints activation. Over-expression of the Polo box domain of PIk3
causes cell cycle arrest and cytokinesis defects, eventually leading to apoptosis manifesting as
mitotic catastrophe [60]. There are other examples of PIk3 participation in induction of
apoptosis [61,62,63]. On the other hand the transcriptional silencing of PIk2 is a frequent event
in B-cell malignancies and its ectopic expression leads to apoptosis of these cells [64]. The
data of Syed et al (2006), however, also indicate on certain degree of redundancy between
PIk1, P1k2 and PIk3 within the PIk kinases family [64]. Considering the above evidence
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collectively, it is possible thus that the Golgi-residing PIk3 is involved both, in signaling and
execution of apoptosis, the latter by disassembling this organelle.

Apoptotic cleavage of structural proteins localized to the Golgi has been found necessary to
dismantle complex Golgi structure into separate stacks of cisternal membranes. In this context
the overexpression of non-cleavable forms of structural golgin-160, p115 and GRASP65 often
delay Golgi separation during caspase dependent cell death [20,65,66,67]. Yet a concept that
Golgi apparatus may actually be actively involved in initiation and/or execution of cellular
demise delivers a completely new insight on the secretory pathway as a watchdog of cellular
fate (Fig 3) [20,22,31].

The seminal discovery of caspase 2 and its co-localization to the Golgi apparatus and the
nucleus prompted initial suggestions that Golgi apparatus may not only be “a passive player”
inapoptosis (Fig. 3) [65]. Although caspase 2 has also been found to participate in DNA damage
response in conjunction with PIDDosome complex, it is reasonable that its function may be
bidirectional and depend heavily on the cellular compartmentalization [22,24,68]. Pertinent to
this notion it is now generally believed that a pool of caspase 2 localized at the cytosolic side
of the Golgi apparatus participates in initiation of apoptotic cascade in response to secretory
pathway stresses. In support of this concept specific caspase 2-dependent cleavage of golgin
160 at Asp59 site has been shown as a very early apoptotic event that preceded caspase 3-
dependent cleavage of golgin160 and poly-ADP-ribose polymerase (PARP-1) (Fig 3) [31,
65]. The recent report by Machamer’s group provided further evidence that caspase-resistant
mutant golgin 160 can abrogate apoptosis induced specifically by ER stress and ligation of
death receptors [69]. Moreover, BRUCE (baculoviral-IAP-repeat-containing ubiquitin-
conjugating enzyme) an expected negative regulator of caspase 2 activity, has been localized
to the Golgi superstructure (Fig. 1) [20,70].

Besides caspase 2, the role of glycolipids and ceramides as messengers in death signaling
pathways has also been raised during recent years. In the Golgi, the activity of the GD3 synthase
reportedly converts ceramide to the gangliosyde GD3. The latter has been shown to translocate
to the mitochondrion and solely trigger mitochondrial membrane permeability (MMP) (Fig.
3) [71,72]. Interestingly the suppression of GD3 synthase activity or its retention in the ER
lumen markedly inhibits apoptosis [73]. Moreover, there are further hints that mitochondrial
GDa3 targets are under rigid control of anti-apoptotic Bcl-2 family members [71]. Similarly to
the GD3, a semilysobisphosphatidic acid (SLBPPA) has been found to shuttle from the Golgi
to mitochondria in response to death receptor stimulation, supporting the significance of inter-
organelle lipid signaling pathways (Fig 3) [74].

It is conceivable that a pool of death receptors (DRs) that populate Golgi apparatus in the
normal physiological conditions demonstrate yet another link between Golgi and initiation of
cellular demise [19,20]. Some reports indicate that DRs may be quickly mobilized and shuttled
to the cell surface during stress response after p53 or GD3 signaling [20,75]. Moreover it is
tempting to speculate that during apoptotic Golgi disassembly a surge release of DRs occurs
which further amplifies the death cascade (Fig 3) [19,20,22].

Not surprisingly Golgi apparatus lures as the upstream controller of many destruction cascades.
The active protein transfer between ER-Golgi requires precise control mechanisms that as such
are supposedly very sensitive to pathological alterations in cellular homeostasis [22]. Moreover
the stability of steady-state Golgi configuration is achieved not only by a subtle balance
between anterograde vis-a-vis retrograde membrane trafficking but also by the specialized
structural proteins like golgins and GRAPs involved in vesicle tethering and docking
interactions between separate Golgi stacks [22]. Cleavage fragments of golgins have been
demonstrated to contain nuclear targeting motifs, implicating further their role in the inter-
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organelle signal transduction (Fig 3) [22,65,66]. Furthermore, as postulated recently, Golgi is
in fact enclosed in a highly specialized exoskeleton vigorously implicated in membrane
anchoring, regulation of substrate diffusion and even enzyme positioning (Fig 3) [20,22]. It is
plausible to speculate that unique Golgi exoskeleton may take part in integrating a plethora of
death stimuli engaging from other parts of the cytoskeleton. Although still speculative, the
unique structure of exoskeleton may have evolved to sense any distressing changes in the Golgi
cisternal structure. In this regard any pathological physical abnormalities like: cisternal
swelling, unstacking, alterations in membrane curvature or even thickness in Golgi membranes
could hypothetically initiate recruitment of specific adaptor molecules that initiate cell recovery
or cell demise signals [20,22].

Finally, Golgi apparatus is conceivably equipped with effective UPR sensing mechanisms
compulsory to remove any misfolded or mutated proteins that escaped aforementioned ER-
UPR system [22,76]. Therefore any overload of misfolded proteins reaching Golgi may set off
initial cell recovery mechanisms and when they prove to be ineffective also cell demise
pathways. Keeping in mind the crucial physiological position of this organelle it is tempting
to speculate that, similarly to mitochondrion and endoplasmic reticulum, Golgi is poised to
sense and integrate diversified death signals [19,20,22]. Although the precise signaling
pathways emanating from Golgi apparatus are still elusive it is unlikely that we will need to
wait long for these questions to be answered.

Targeting secretory pathway — “Wunderwaffe” for cancer therapy?

Thanks to seminal discoveries it now becomes apparent that extensive inter-organelle cross-
talks that regulate orchestrated cell dismantling are present in every cell. Even if mitochondrion
reportedly stands at the nexus of controlling cell fate, redundant and failsafe mechanisms
commencing from other organelles do exist and may in many cases efficiently override the
classical signaling pathways (Fig 1). Thus, the present hope prevails that exploration of both
the primary and the redundant back up pathways of cell destruction might prospectively provide
effective means to override cancer chemo-resistance [16,18,77,78].

As the interest in the role of ER and Golgi during induction/execution of apoptosis has been
gaining momentum, they simultaneously attracted interest in the development of novel anti-
cancer therapies [16,19,79]. In this context, two recent studies indicated that malignant B
lymphocytes feature not only proapoptotic Bcl-2 upregulation but also more elaborate
endoplasmic reticulum (ER) network when compared to their normal counterparts [78,80].
Therefore, it has been postulated that ER-Golgi system may be imperative for endurance of
malignant B-clones, and such reliance may reveal unique anti-cancer targets (Fig. 4A) [78].
Pertinent to the therapy of B-CLL, the successful targeting of the ER-Golgi pathway with
Brefeldin A (BFA) in fludarabine refractory CLL cells has recently provided a novel approach
on how to eradicate cancerous B-cells independently of their p53 status and pathological
overexpression of Bcl-2, Bcl-X|, Mcl-1 and XIAP proteins [78]. Brefeldin A, a fungal 16-
membered macrolide isolated from Penicillium brefeldianum, exerts ER and Golgi stress via
inhibition of ADP-ribosylation factor (ARF). Subsequent decline in coatamer proteins
assembly leads to the disruption of ER-Golgi vesicular transport, Golgi collapse due to the
imbalance in retrograde transport and induction of apoptotic cell demise (Fig 4B, C) [78,81,
82]. Apart from B-CLL cells, BFA reportedly triggered apoptosis in multiple myeloma (U266,
NCI-H929), Jurkat, HeLa, leukaemia (HL60, K562, BJAB), colon (HT-29), prostate and
adenoid cystic sarcoma cells [78,83,84,85,86]. Furthermore, we have recently demonstrated
monotherapeutic potential of BFA against follicular lymphoma cells bearing t(14;18)
translocation (Fig 4B) [87]. Brefeldin A has been reported to exert its anti-tumor activity in
melanoma athymic mouse xenografts and enhance action of staurosporine and 7-
hydroxystaurosporine in human promyelocytic leukemia cells [83,88]. A water-soluble
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prodrug form of BFA, Breflate (NSC656202), is also under development as an investigational
anticancer agent and has shown promising pharmacokinetics in mice and beagle dogs [89,
90].

Since a large number of reports have demonstrated that elevated Bcl-2/Bcl-X| /Mcl-1
expression is associated with a poor clinical response, a combinatorial strategies aimed at
diverse apoptotic elements may offer substantial therapeutic promise [91,92,93]. Although
brefeldin A has been previously suggested as an investigational anticancer agent its potential
interactions with other apoptosis-inducing compounds remain surprisingly unexplored [78,
83,88,94]. Merely one study by Shao and colleagues (1996) reported synergistic induction of
apoptosis upon combinatorial treatment of human promyelocytic leukemia cells with BFA and
staurosporine [83]. In our recent work, we investigated the potential therapeutic utility of
combined treatment between BFA vs. a small molecule Bcl-2 inhibitor (HA14-1) and BFA vs.
a model trigger of death-receptor pathway (CD95 cross-linking mAb) in follicular lymphoma
(FL) cells [87]. Strikingly, upon co-treatment of follicular lymphoma cells with HA14-1 and
BFA we observed an enhanced cell killing, whereas the co-stimulation anti-CD95 mAb
increased the efficacy of brefeldin A to a much lesser degree. Together, these data clearly point
out that combinatorial targeting of diverse cell death pathways may improve anticancer action
of ER/Golgi stressors [87].

Recent studies by Tinhoffer et al (2002) and Anether et al (2003) have also revealed that
Tetrocarcin A, an antibiotic isolated from actinomyces, eradicated T-acute lymphoblastic
leukemia (T-CLL) and B-CLL cells through ER mediated stress, independently of Bcl-2 status
[95,96]. Similarly to BFA, Tetrocarcin A efficiently initiated cell death in fludarabine
refractory B-CLL primary cells [96]. Of particular interest tunicamycin, another ER stress
inducing antibiotic that blocks N-linked glycosylation, reportedly sensitizes human prostate
cancer cells to TNF-related apoptosis-inducing ligand (TRAIL) [97]. Furthermore, pertinent
to the role of SERCA pump in ER mediated apoptosis, modified thapsigargin (PSA-activated
thapsigargin) has recently been postulated as an investigational drug for prostate cancer [98].
An unfolded protein response (UPR) forms an important cytoprotective mechanism, a
proteasome inhibitor bortezomib augmented tunicamycin- and thapsigargin-triggered
apoptosis in pancreatic cancer cells [99].

Summary and future outlook

Conventional chemotherapy is largely ineffective for the treatment of metastatic and advanced
tumors. Despite recent progress in investigational therapies, survival rates are still
disappointingly low and novel adjuvant and systemic therapies are urgently needed. There is
a substantial expectation that endoplasmic reticulum (ER) and Golgi apparatus might provide
convenient therapeutic targets for the treatment of refractory malignancies. In the broader
context of ER-Golgi network it is worth noting that ubiquitin-proteasome complex has recently
emerged as a major target for drug development in cancer therapy [100,101,102]. The most
prominent drug, proteasome inhibitor bortezomib (Velcade) has already shown clinical activity
in multiple cancers including myeloma and mantle cell lymphomas. Recent work by Hill and
colleagues provided also fresh evidence that two relatively new drugs, fenretinide and
bortezomib (Velcade), each acting via different cellular mechanisms, induce ER stress leading
to apoptosis in melanoma cells [103]. Interestingly, novel class of ERAD inhibitors has also
recently emerged [104]. Wang and colleagues reported Eeyarestatin | (Eerl), a chemical
inhibitor that blocks endoplasmic reticulum (ER)-associated protein degradation (ERAD), has
potent antitumor activities similar to bortezomib and can synergize with bortezomib to induce
cancer cell apoptosis [104]. These noteworthy results identify a novel class of anticancer agents
that can directly engage ER-Golgi network to induce tumor cell death.
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In closing, the secretory pathway slowly attracts interests as a prospective anti-cancer target.
Further studies are necessary to elucidate precise signaling pathways emanating from ER-Golgi
compartment. Development of more potent and selective small-molecule drugs that activate
ER-Golgi mediated cell demise is also needed. Moreover, as ER-stress signaling is crucial for
the homeostasis of differentiated tissues it is imperative determine the potential side effects of
ER/Golgi targeted drugs [105]. Furthermore, an important question arises with regards to
acquisition of resistance to ER targeted drugs. At the moment there is no data that can suggest
acquisition of apoptosis resistance to e.g. ERAD inhibitors. Further characterization of ER
stress pathways and robust in vivo models are, however, needed to determine the physiological
roles of UPR and ER stress during tumour development and its ultimate therapeutic potential
[105]. Recent results strongly support, however, the premise that malignant cells, engaged in
intense secretory function, may be vulnerable to the interruption of ER-Golgi homeostasis. It
is to be seen whether these experimental approaches find their way into clinical practice.
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Figure 1.

Inter-organellar network responsible for sensing, amplification and executing diverse cell death
programs. Mitochondrion is shown in red. Cell death promoting pathways are shown in black
whereas cell death suppressor mechanisms are depicted in green (compiled based on based on:
[9,17,19,20 and others]; for description refer to text).
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Sensing and execution of cell demise pathways at Golgi apparatus. Known pathways are shown
as solid lines and hypothetical signaling are depicted as dotted lines. Anti-apoptotic
mechanisms are depicted in green (compiled based on [22,31,65,66 and others]; for description
refer to text).
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Figure 4.

Targeting secretory pathway in cancer therapy: A) therapeutic window for ER-Golgi disrupting
drugs; B) eradication of follicular lymphoma cells by Brefeldin A, note progressing dilation
of ER leading to ER-stress and caspase-dependent apoptosis; C) autophagosome formation
(green vesicles) and collapse of Golgi apparatus (red staining) in osteosarcoma U20S cells
following exposure to increasing doses of Brefeldin A. [78,87,99]
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