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Abstract

Importance of the field—Pancreatic cancer (PC) is a deadly disease that is so far intractable to
currently available treatment regimens. Although well described in different tumors types, the
importance of apoptosis inducer Par-4 in PC has not been appreciated. PC is a oncogenic kras driven
disease which is known to down-regulate Par-4. Therefore, this review highlights its significance
and builds a strong case supporting the role of Par-4 as a possible therapeutic target in PC.

Areas covered in this review—This article covers literature based evidence spanning the last
15 years on Par-4 and its significance in PC.

What the reader will gain—This review provides comprehensive knowledge of the significance
of Par-4 and its association with kras status in PC, along with the crosstalk with crucial resistance
and survival molecules NF-kB and Bcl-2 that ultimately are responsible for the overall poor outcome
of different therapeutic approaches in this disease.

Take home message—~Par-4 holds promise as a potential therapeutic target that can be induced
by chemopreventive agents and small molecule inhibitors either alone or in combination with
standard chemotherapeutics leading to selective apoptosis in PC cells. It also acts as a chemosensitizer
and therefore warrants further clinical investigations in this deadly disease.
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Pancreatic cancer is a dreadful disease that is poorly amenable to current treatment modalities.
Last year the estimated deaths from this intractable malignancy was about 35000 making it the
most elusive of all cancers [1]. Less than five percent survive 5 years post diagnosis and
complete remission is rare. PC arises through the accumulation of inherited and acquired
genetic alterations [2] and it is well established that kras mutations are one of the most common
types of genetic abnormality in PC [3-5]. Point mutation in the kras gene occurs in 70-90%
of cases and the vast majority occurs at codon 12 of the oncogene. Consequently, a considerable
research effort has been made to define the function of kras in normal and neoplastic cells and
to target kras for PC treatment. Various strategies have been developed to target kras for the
treatment of human cancers since kras mutations occur very early and are the most frequent
[6] in PC followed by mutation or silencing of p53 [7], p16 [8;9] and DPC4/smad4 [10-12].
Addressing the contributions of these genes in tumor cell survival after treatment may point to
new ways for improving therapy for this disease. For pancreatic cancer, kras mutations have
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been reported as a negative prognostic factor after surgery and adjuvant chemo-radiation
therapy [13]. Activated kras (mutant or oncogenic) are known to inactivate genes, which are
directly involved in the regulation of growth inhibition and apoptosis. One such example is
that oncogenic kras inhibits TGF-beta (TGF-) signaling by down regulating TGF-f3 receptor
I1 (RIT) expression [14;15]. A majority of pancreatic tumors show loss of expression of Rl
and are resistant to exogenous TGF-f mediated growth inhibition [16;17]. In this context,
oncogenic kras was also found to down regulate the pro-apoptotic gene, Par-4 [18].

ts significance in PC

Prostate apoptosis response-4 (Par-4), also known as PRKC, apoptosis, WT1, regulator
(PAWR) is a human gene coding for a tumor-suppressor protein that induces apoptosis in
cancer cells, but not in normal cells [19;20]. Par-4 contains a leucine zipper domain that was
first identified in prostate cancer cells undergoing apoptosis in response to an exogenous insult
[21]. It is ubiquitously expressed in normal tissues and cell types and is typically found in the
cytoplasm [22-25]. In contrast, Par-4 localizes both to the cytoplasm and the nucleus in many
if not all cancer cells and clinical specimens [26]. Endogenous Par-4 expressed in normal and
cancer cells does not, by itself, cause apoptosis. However, inhibition of endogenous Par-4 with
antisense oligonucleotides, a dominant-negative leucine zipper domain, or RNA interference
precludes apoptosis by exogenously applied agents (such as tumor necrosis factor-related
apoptosis-inducing ligand, tumor necrosis factor, growth factor withdrawal, chemotherapeutic
agents, or ionizing radiation), which highlights that Par-4 function is essential for apoptosis
via diverse cell death pathways [27]. Consistent with this observation that endogenous Par-4
has apoptotic potential, Par-4 knockout mice spontaneously develop tumors of the liver, lung,
and endometrium and exhibit prostatic intraepithelial neoplasia (PIN) [28].

Ectopic Par-4 over expression is sufficient to induce apoptosis in most cancer cells, but not in
normal or immortalized cells, and this action of Par-4 does not require the leucine zipper
domain [29]. This selectivity is certainly very important from a therapeutic point of view. To
delineate of the mechanism of this differential activity one needs to understand the inherent
differences between cancer and normal cells. In a important study, Gurmurthy et al., have
shown that phosphorylation of T155 residue of PAR-4 is critical for apoptosis [27]. This T155
phosphorylation is governed by a protein kinase A (PKA) that is well known to be constitutively
elevated in cancer cells [30]. In normal cells, basal PKA activity levels are relatively low and
phosphorylation of T155 fails to occur, therefore, normal cells are resistant to apoptosis by
ectopic Par-4. Elevation of PKA in normal cells by cAMP-doxorubicin or vincristine induces
apoptosis by a mechanism that is dependent on PKA-mediated phosphorylation of the T155
residue of endogenous Par-4 [27]. Further, apoptosis by ectopic Par-4 involves activation of
the Fas death receptor signaling pathway and concurrent NF-kB inhibition, which withdraws
the anti-apoptotic roadblocks and allows the caspase cascade to proceed uninterrupted [31].
Neither p53 nor PTEN are required for apoptosis by ectopic Par-4. Importantly, over expression
of Par-4 in prostate cancer xenografts by i.t. injections of adenoviral Par-4, either in s.c. tumors
in nude mice or in orthotopic tumors in the prostatic milieu, results in apoptosis and tumor
growth inhibition, therefore implying that Par-4 has therapeutic potential. Nuclear
translocation of Par-4 is essential for apoptosis and is mediated by a nuclear localization signal
[32]. It is apparent that endogenous Par-4 is in a nonfunctional state and unable to affect
apoptosis in cancer cells unless translocated to the nucleus. Aktl binding and phosphorylation
of Par-4 results in 14-3-3—-mediated cytoplasmic retention of Par-4 and abrogation of apoptosis
[33]. Therefore, one the mechanism through which Akt targeting agents induce apoptosis could
be through the involvement of Par-4.

The Par-4 gene has been mapped to chromosome 12921 and interestingly. this region (12¢921)
is often deleted in pancreatic cancer [34]. Further, it has been suggested that loss of this
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chromosome arm has direct association with a poor prognosis in pancreatic cancer patients
[35]. In an earlier study using microsatellite analysis, Kimura et al., have studied chromosome
deletions in 40 tissue samples and 19 PC cells lines [34]. In this study two commonly deleted
regions (region A between D12S81 and D12S1719 at 12921 at a frequency of 67.5%, and
region B was located between D12S360 and D12S78 at 12922-923.1 at a frequency of 60%)
on the long arm of the chromosome were consistently observed. This study concluded that such
frequent deletions observed in chromosome 12 may provide new avenues for isolating tumor
suppressor genes. However, whether this deletion is responsible for differential expression of
Par-4 in PC needs to be further investigated. As mentioned earlier, Par-4 is under the influence
of multiple genes among which kras is the major one [36]. It is a well known that somatic
mutations in kras is high in many cancers including PC therefore, how kras regulates Par-4 and
what is its relevance in PC are important questions and knowledge of the dynamics of this
interaction will certainly benefit the overall understanding of this deadly disease.

Regulation of Par-4 by oncogenic KRAS

Like other members of the kras family, the kras protein is a GTPase and is an early player in
many signal transduction pathways [37]. While the protein product of the un-mutated kras gene
performs an essential function in normal tissue signaling, mutated kras genes are potent
oncogenes that play a significant role in the development of many cancers [38]. This gene is
a Kirsten kras oncogene homolog from the mammalian kras gene family. A single amino acid
substitution is responsible for an activating mutation. The transforming protein that results is
implicated in various malignancies, including lung adenocarcinoma, mucinous adenoma,
ductal carcinoma of the pancreas and colorectal carcinoma [38-42]. Several germline kras
mutations have been found to be associated with Noonan syndrome [43] and cardio-facio-
cutaneous syndrome [44], while somatic kras mutations are found at high rates in colon cancer
[45].

The kras gene family encodes small GTPases involved in regulation of cytoplasmic signaling
pathways in response to diverse extracellular signals. KRAS gene point mutations of codons
12,13, and 61 are found frequently in human cancers and result in persistent activation of kras
due to impaired GTPase activity [46]. A consequence of constitutive kras activation is
downstream changes in gene expression, which in turn act to modulate a variety of processes,
including proliferation, differentiation, angiogenesis, and apoptosis [46]. Understanding how
kras subverts death is critical to understanding the role of kras in cancer. kras is known to cause
a shift in the growth/apoptosis balance to favor growth over death and in doing so promotes
cell proliferation. kras achieves growth-favoring conditions in part by altering the expression
of pro-apoptotic genes to promote tumorigenesis. Thus, oncogenic kras protects cells from
apoptosis by modulation of a variety of apoptosis related proteins, including down-regulation
of Par-4 expression [47]. Recently it was demonstrated that Par-4 expression was down
regulated when rat epithelial cells were transfected with oncogenic Kras (V12) and in the same
study it was further shown that this down-regulation of Par-4 was due to the hypermethylation
of Par-4 promoter through a MEK-dependent pathway and this methylation was reversed by
5-aza-2'-deoxycytidine and restored Par-4 expression [48]. On the contrary, using mouse
fibroblast NIH3T3 cell, Barradas et al. reported that the treatment with 5-aza-2'-deoxycytidine
did not restore Par-4 expression by oncogenic K-ras, rather it was concluded that down
regulation of Par-4 might be a result of an oncogenic Ras product that produces a potent signal
through Raf/(PKC-MEK pathway, independent of both p53 and p16/19 [49]. Based on these
2 reported studies the mechanisms underlying PAR-4 downregulation in a Ras oncogenic
background might be exclusively dependent on cell type and H-ras or K-ras mutational status.
Since pancreatic tumors harbor kras mutations abundantly and the tumor is epithelial in origin,
it might be speculated that Par-4 down regulation in these tumors is due to hypermethylation
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of Par-4 promoter. The amount of information available certainly points to a very strong
correlation between kras and Par-4 and is described in the forthcoming passage.

Regulation of PAR-4 by KRAS in PC

Par-4 is known to selectively inhibit the oncogenic kras-dependent NF-kB function, the
activation of which makes the tumors more resistant towards commonly used
chemotherapeutics [50]. In addition, Par-4 binds the atypical protein kinase C isoforms
(aPKCs), which serves to inhibit their enzymatic activity [51]. Therefore, one of the
mechanisms whereby Par-4 induces apoptosis is through its ability to block the aPKC-IKK
axis which, in turn, inhibits the anti apoptotic protein NF-xB. Based on the functional role of
Par-4 in cell death and because pancreatic tumors harbor high incidence of kras mutations, it
is natural that the down regulation of Par-4 due to mutations in kras will result in the impairment
or dysregulation of apoptotic mechanism and thus render selective survival advantage to
pancreatic tumors. This is highlighted by the fact that survival rates of PC patients are low
compared with other malignancies and recurrence and metastasis after treatment remain high.
In a retrospective study by Ahmed et al, [18] Par-4 expression levels were analyzed in multiple
models that include established pancreatic tumor cell lines, normal pancreatic tissues, frozen
tumor tissues and paraffin-embedded pancreatic adenocarcinoma samples by Real Time RT-
PCR, Western blot analysis and immunohistochemistry. In this study kras mutational status
was analyzed by allele-specific oligonucleotide-hybridization. Expression levels of Par-4 were
correlated with the kras mutational status and clinical characteristics. Modulation of
endogenous Par-4 was tested by transiently expressing oncogenic kras in a wild-type kras
pancreatic cancer cell line, BXPC-3. The study found that cell lines with kras mutations showed
low levels of Par-4 when compared to a normal pancreatic tissue [18]. Only 30% of the frozen
tumors, showed appreciable up regulation of Par-4 mRNA and the remaining showed
significant down regulation when compared to normal pancreatic tissue. Similar results were
observed in the paraffin-embedded tumors, where a significant number of samples showed
down regulation of Par-4 protein and this down regulation of Par-4 correlated significantly
with kras mutational status [18]. In addition, the presence of Par-4 mRNA or protein expression
in pancreatic tumors correlated with prolonged survival. Transient over expression of
oncogenic kras in wild-type-kras BXPC-3 cells significantly downregulated the endogenous
Par-4 protein levels and conferred accelerated growth. We also investigated for the basal levels
for Par-4 in a spectrum of PC cell lines available in ATCC and our observation correlated with
cell line data of Ahmed et al where wild type kras containing cell line (BxPC-3) showed higher
Par-4 protein expression [52;53]. Overall the above discussed findings point to a very strong
correlation between kras mutational status and Par-4 and the absence of this apoptotic marker
is a negative prognostic factor for PC patient undergoing standard therapy.

Regulation of Par-4 by Bcl-2 and its significance in PC

The bcl-2 gene is a key determinant of neoplastic cell expansion whose oncogenic activity has
been ascribed primarily to its ability to promote cell survival [54]. It was first cloned as the t
(14:18) translocation breakpoint from follicular lymphoma [55]. This translocation results in
the juxtaposition of the bcl-2 gene in front of the immunoglobulin heavy-chain enhancer that
leads to aberrant expression. Par-4, although not a classical transcription factor, is co-expressed
along with Bcl-2 in the normal prostate basal epithelia [56]. Following differentiation of these
cells to luminal/secretory epithelia, Par-4 expression is decreased and mainly restricted to the
nucleus, and Bcl-2 expression is lost. As described earlier, ectopic expression of Par-4 led to
the down-modulation of Bcl-2 protein expression in NIH3T3 mouse fibroblasts and in PC3

prostate cancer cell lines [57]. An inverse correlation in the expression of Bcl-2 and Par-4 also
has been reported in the xenografts of human androgen-dependent and androgen-independent
prostate cancer developed in mice as well as in acute lymphocytic leukemia [57;58]. Based on
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the relationship of Bcl-2 and Par-4 it is logical that targeting Bcl-2 would certainly benefit
Par-4 mediated apoptosis.

PC has been shown to over express Bcl-2 and its family members. Therefore, blocking Bcl-2
activity could become a novel therapeutic strategy for pancreatic cancer [59;60]. At the level
of the mitochondria deregulated expression of members of the BCL-2 protein family causes
apoptotic resistance in PC [61]. This protein family consists of two pro-apoptotic subgroups
(BAX, BAK, BOK), the BH3-only subgroup (BAD, BIK, BID, BIM, BMF, HRK, NOXA,
PUMA) and the anti-apoptotic subgroup (BCL-2, BCL-X| , BCL-W, MCL-1, A1) [62]. In most
cases, the mitochondrial cell death pathway requires the BAX-like group as the BH3-only
group. The BH3-only proteins act as sensors of cellular stress, directly antagonizing anti-
apoptotic BCL-2 members and activated BAX-like proteins are permeabilizing the outer
mitochondrial membrane.

Resistance towards apoptosis at the mitochondrial level in PC is conferred by at least two anti-
apoptotic BCL-2 family members, BCL-X| and MCL-1. Both proteins are known to be over
expressed in PC through MAPK signaling in PC cells [63]. Whether MCL-1 is also induced
by the NF-kB pathway in PC cells, as it has been shown for BCL-X| , is unknown at the moment.
In a murine model of PC, the BCL-X| promoter was shown to integrate the epidermal growth
factor receptor (EGF-R) signal. Here, EGF-R signaling contributes to the activation of the
transcription factors NF-xB and STAT3, both activating the BCL-X|_ gene [64]. Therefore, in
order for efficient apoptosis in this model inhibition of both transcription factors is needed. It
is well documented that Bcl-2 functions through heterodimerization with proapoptotic
members of the Bcl-2 family to prevent mitochondrial pore formation and prevent cytochrome
c release and initiation of apoptosis. However, there are more evidences showing that Bcl-2
may play an oncogenic role through survival pathways other than its function at the
mitochondrial membrane. It has been reported that Bcl-2 activates NF-kB by a signaling
mechanism that involves Raf-1/MEKK-1-mediated activation of IKKf [65]. Earlier it has been
shown that overexpression of Bcl-2 increased the activity of AKT and IKK as well as NF-kB
transcriptional activity in pancreatic cancer [66]. These studies provide strong evidence in
support of multiple effects of Bcl-2 in not only acting as an anti-apoptotic factor but also
suppressing Par-4 and well as influencing NF-kB which is beyond its classical role in cell
survival.

Influence of NF-kB on PAR-4

NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells) is a protein complex
that controls the transcription of DNA [67]. NF-xB is found in almost all animal cell types and
is involved in cellular responses to stimuli such as stress, cytokines, free radicals, ultraviolet
irradiation, oxidized LDL, and bacterial or viral antigens. It plays a key role in regulating the
immune response to infection. Conversely, incorrect regulation of NF-xB has been linked to
cancer, inflammatory and autoimmune diseases, septic shock, viral infection, and improper
immune development. NF-kB has also been implicated in processes of synaptic plasticity and
memory [68].

NF-«B plays an essential role in oncogenesis and in the resistance of tumor cells including PC
to ionizing radiation and chemotherapy [69]. The transcription potential of NF-«xB, a
heterodimer between subunits p65 (RelA) and p50, is fully activated by translocation to the
nucleus and phosphorylation of RelA. Of interest is the fact that the transcriptional activity of
NF-kB is an essential anti-apoptotic target of Par-4 [70]. Interestingly, Par-4 inhibits kras- and
Raf-induced NF-kB transcriptional activity, and tumor necrosis factor alpha-induced NF-kB
activation. Inhibition of NF-kB activity by super repressor IxBa is sufficient to induce
apoptosis in NIH 3T3 cells expressing oncogenic kras [71]. As expected, over expression of
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Par-4 is sufficient to induce apoptosis in these cells. However, in androgen-independent
prostate cancer cells, inhibition of NF-kB transcriptional activity and activation of the Fas
pathway are both required for Par-4-induced apoptosis [50]. Fas (CD95) is a member of the
tumor necrosis factor receptor family of death receptors that is activated by binding to Fas
ligand (FasL), leading to the formation of death-inducing signaling complex (DISC) and the
subsequent activation of caspase 8 and downstream caspases and apoptosis [72]. Par-4 activates
the Fas pathway by promoting the Fas/FasL translocation to the cell membrane and by
protecting the Fas apoptotic pathway from the inhibitory effects of ¢ protein kinase C. NF-kB
is found to be activated in numerous malignancies including PC and significant amount of
information including the one described above points to a strong influence of NF-kB on Par-4.
Therefore, it is hypothesized that downregulation of NF-kB by chemopreventive or targeted
agents may benefit the overall apoptotic potential of Par-4.

Targeting PAR-4 for pancreatic cancer therapy

Our laboratory has been at the forefront in studying the effect of multiple natural agents as well
as synthetic small molecule inhibitors on PAR-4. A primary screen for basal PAR-4 levels in
PC cells showed differential expression of this apoptotic protein [52]. Indeed cells with wild
type kras such as BxPC-3 had high PAR-4 expression compared to the ones with mutant
kras status. These results laid the foundation for future experiments targeting PAR-4 for
induction of apoptosis in PC. Our studies were based on the hypothesis that cells with
differential PAR-4 status will respond differentially to apoptosis inducing agents. Initially we
tested whether some of the well recognized chemopreventive agents such as resveratrol,
quercetin, curcumin, epigallocatechin gallate (EGCG), 3,3-diindolylmethane (formulation of
DIM which has greater bioavailability, B-DIM obtained from BioResponse, Inc., and from this
point forward we will use B-DIM), genistein, biocahnin, delphinidin, plumbagin and
thymoquinone could induce or affect localization of Par-4 in PC cells. Studies from our
laboratory and others have shown 3,3'-diindolylmethane (DIM) shows potent anti-proliferative
activities against a variety of cancers including PC which was linked to down regulation of
NF-kB [73-79]. Among all the chemopreventive agents tested only B-DIM induced Par-4 in
PC that in turn lead to growth inhibition and apoptosis in PC. In depth mechanistic studies
revealed that the activation of Par-4 leads to cell death in PC via inactivation of Akt/Bcl-2/Bcl-
xL signaling pathways (Figure 1)[52]. B-DIM is known to target NF-kB which is a repressor
of Par-4. Therefore, it is possible that the Par-4 enhancement may be due to NF-kB
downregulation by B-DIM. However, direct evidence is still not available and such studies are
currently being undertaken in our laboratory. Nevertheless, this was the first and only study of
its kind to prove that Par-4 could be activated by natural chemopreventive agents in PC leading
to cell death.

In recent years, the predictive anti-tumor therapeutic effect with combinations of different
classes of chemotherapeutic agents has been attempted in the clinical setting, but owing to high
toxicity and acquired chemo-resistance, the expected therapeutic benefit could not be
accomplished. In our opinion both de novo and acquired resistance to therapy could be
overcome by employing rational combination therapy, where toxic agents could be used in
lower doses but the efficacy of treatment could be increased by novel non-toxic agent that may
have different mechanism of action. To this end we have tested whether gemcitabine or
cisplatin could induce Par-4 either alone or in combination with B-DIM. Our published results
clearly demonstrate that therapeutic drugs such as gemcitabine and cisplatin, either alone or in
combination with B-DIM, were able to induce Par-4 in Colo-357, L3.6pl as well as BxPc-3
cell lines [52]. We also hypothesized that the activation of Par-4 by a novel non-toxic agent
could lead to sensitization of pancreatic cancer cells to conventional chemotherapeutic agents
such as gemcitabine or cisplatin. Based on this rationale, we sought to assess the efficacy of
B-DIM, in combination with gemcitabine or cisplatin against three pancreatic cancer cell lines
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[52]. Our findings provided additional novel mechanistic insights underlying sensitization of
pancreatic cancer cells to gemcitabine or cisplatin. Western blot analysis was done which
revealed that combination of B-DIM with gemcitabine or cisplatin resulted in the appearance
of cleaved PARP. Our results clearly show a marked decrease in Bcl-2 upon treatment with B-
DIM or drug alone as well as their combination. Similar decreased expression was observed
for another anti-apoptotic factor Bcl-xI. On the other hand a significantly induced expression
of pro-apoptotic factor Bax was observed which again confirms that the combination treatment
results in apoptotic cell death. These observations strongly suggest that B-DIM sensitizes the
pancreatic Colo-357, L3.6pl as well as BxPC-3 cells to gemcitabine as well as cisplatin-induced
apoptosis, which is due to the activation of Par-4. Several lines of evidence suggest that the
Akt pathway is intricately linked to regulation of apoptosis as well as prognosis [80]. The
conventional notion is that Akt enhances survival of tumor cells through transduction of anti-
apoptotic and proliferative signals. The mechanism of Akt activation in pancreatic cancer
remains unknown, although a majority of pancreatic cancer cell lines that have been examined
harbor constitutively activated Akt. Akt was found to be activated (i.e., phosphorylated at Ser
473) in both the Colo-357 as well as L3.6pl cell lines tested, which was abrogated by B-DIM
treatment. It is therefore logical to speculate that the observed suppression of cell viability and
augmentation of apoptotic cell death by B-DIM could be attributed to its dual effect on targeted
disruption of Akt phosphorylation of its substrate, which could be another mechanism by which
B-DIM sensitizes pancreatic cancer cells killing to conventional therapeutics. Although
apoptosis by B-DIM, cisplatin/gemcitabine combination occurs with simultaneous induction
of Par-4, it is still quite premature to conclude whether Par-4 plays any major or integral role
in this event; although our results are encouraging and warrants further in-depth mechanistic
studies in the future. In conclusion, our findings suggest that B-DIM at non-toxic doses induces
Par-4 in pancreatic cancer cells and when combined with a chemotherapeutic drug leads to cell
death through apoptosis. This phenomenon can be exploited for future development of
therapeutic strategies against pancreatic cancers.

Targeting PAR-4 by small molecule inhibitors of Bcl-2 for pancreatic cancer

therapy

As mentioned earlier Bcl-2 expression inversely regulates Par-4. Therefore, it is imperative
that downregulation of Bcl-2 would result in over expression of Par-4 ultimately leading to
apoptosis and cell death. Bcl-2 is found to be over expressed in many solid tumors, it certainly
is an attractive target from a therapeutic point of view. Indeed resistance to chemotherapeutics
is certainly attributed to over expression of key anti-apoptotic family members. Many groups
have been working to develop anticancer drugs that block the function of Bcl-2 members
[81-83]. Apog2 and TW-37 are two recently developed small-molecule inhibitor of Bcl-2,
targets multiple members of the Bcl-2 family and attenuates activation of Bcl-2. TW-37 was
designed to target the elongated groove of antiapoptotic proteins that normally bind the BH3
domain of proapoptotic effectors such as Bid, Bax, Bim, and others. Over the last several years
our laboratory has also been investigating the potential of small molecule inhibitors of Bcl-2
(such a gossypol, apogossypolone, TW-37 and AT-101) against pancreatic cancer. To test
whether Bcl-2 downregulation through small molecule inhibitors will enhance the sensitivity
of pancreatic cancer cells we investigated various such agents (specifically TW-37 and Apog?2).
In our study, we found that the treatment of different pancreatic cancer cell lines with sub-
micro molar doses of ApoG2 resulted in the induction of Par-4 [53]. The induction of Par-4
was directly correlated with inhibition of cell growth induction of apoptosis as confirmed by
histone/DNA ELISA and DAPI cell scoring. Interestingly, sensitivity to apoptosis was directly
correlated with Par-4 expression in the four cell lines tested (R = 0.92 and R2 = 0.95). Moreover,
SiRNA against Par-4 abrogated apoptosis by SMI in L3.6pl and Colo-357 cells underscoring
the critical role of Par-4 in inducing apoptosis in pancreatic cancer cells [53]. Further studies
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confirmed that Apog?2 could also induce nuclear localization of Par-4 which is considered a
prerequisite for Par-4-mediated apoptosis.

One of the most promising aspects of SMls in treating cancer is that their targets and
mechanisms of action are different from those of cytotoxic drugs and radiation. This makes it
feasible to combine SMIs with gemcitabine, creating a synergistic therapy, for pancreatic
cancer without developing any cross-resistance or increased toxicity. As mentioned earlier the
nucleoside analogue gemcitabine remains the cornerstone of neoadjuvant and adjuvant
chemotherapy in pancreatic cancer, although only a partial response is achieved in a minority
of patients , thus resulting in a dismal progression-free survival interval ranging from 0.9 to
4.2 months [84]. However, many forms of pancreatic cancer show initial sensitivity to
gemcitabine therapy followed by the rapid development of resistance, a feature that essentially
characterizes this fatal disease. Overcoming the acquired resistance in pancreatic tumors
through sensitization by novel agents such as SMI may be a promising new area of research.
Interestingly, the combination of TW-37 with gemcitabine resulted in enhanced cell killing
[53]. Isobologram analysis of the data confirmed a synergistic mode of action between
gemcitabine and TW-37, suggesting that further studies for this combination using multiple
animal models of pancreatic cancer must be done in the future.

To identify the clinical relevance of our in vitro results, an initial pilot experiment was done
using a xenograft animal model of pancreatic cancer. Immunohistochemical analysis of
Colo-357 xenograft animal tissue stained with Par-4 antibody revealed some interesting results
[53]. In the untreated control tumor tissues, we did not find any significant presence of Par-4
and correspondingly negligible apoptosis or necrosis. In contrast, in the TW-37-treated tumors,
we found extensive Par-4 staining as well as high amount of necrotic cells. These observations
provide evidence in support of the “proof-of-principle” for targeting Par-4 by SMIs, which
could be an important and new area in the treatment of pancreatic cancer. Nevertheless, based
on a recent study using tissue array on multiple human normal as well as tumor samples, it has
been reported that the presence of Par-4 is correlated with longer survival of patients with
pancreatic cancer [18], suggesting that the presence of Par-4 leads to enhanced killing of
pancreatic cancer cells in patients during therapy. In summary, we found that the SMIs ApoG2
and TW-37 induced cell growth inhibition and apoptosis in pancreatic cancer cells by
modulating a novel gene product Par-4. That the two SMIs could also sensitize pancreatic
cancer cells to the cytotoxic action of gemcitabine underscores the importance of the SMls for
further development toward the treatment of pancreatic cancer by SMis alone or in combination
with conventional therapeutic agents (Figure 1).

The era of targeted therapies has generated a lot of interest in discovering better approaches
for patients with pancreatic cancer. Unfortunately such an approach in PC has met with more
failure than success. In the late 1990s, studies were undertaken with agents such as the
farnesyltransferase inhibitors (targeting kras pathway) and matrix metalloproteinase inhibitors
(targeting matrix metalloproteinase which is known to be overexpressed in PC [85]) . While
these drugs did not show any single-agent activity [86], they were studied in the phase 111
setting combined with gemcitabine or placebo [87;88]. Results were negative with no obvious
scientific explanation and no studies have gone back to look at why the farnesyltransferase
inhibitors, which target -ras, were ineffective when tested clinically. Based on the well
recognized observation that kras mutations suppresses Par-4, in our opinion a possible
explanation for failure of these inhibitors could be attribute to the absence of Par-4 in PC patient
and certainly warrants further investigation. There was also excitement about testing anti-
VEGF strategies in pancreatic cancer. Bevacizumab, an anti-VEGF monoclonal antibody, had
demonstrated efficacy in most tumor types in which it had been studied and had resulted in
encouraging data in the phase |1 setting in patients with pancreatic cancer [89]. Unfortunately,
two randomized phase 111 trials of monoclonal antibodies directed against EGFR and VEGF,
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were negative. Similarly, EGFR-directed therapies for pancreatic cancer show that using anti-
EGFR monoclonal antibodies are unlikely to add benefit, and EGFR tyrosine kinase inhibitors
add a marginal benefit [90]. While there had been preclinical rationale for studying these agents
in PC patients, we now know that increased EGFR protein expression is not synonymous with
EGFR pathway activation. Further, the prognostic significance of EGFR ligand expression has
not been confirmed in large prospective trials. Although anti-EGFR strategies demonstrated
preclinical activity in certain tumor types, the tumor models that were used may not have
provided accurate guidance for the study of these agents clinically. Another important protein
src (protein tyrosine kinase) that is found to be frequently activated, with greater increases
during progressive stages in different cancers [91]. Src is considered an important target for
different tumors including PC and numerous src inhibitors have been tested in the clinic [92].
It is interesting to note that src has been shown to downregulate Par-4 [93]. However, as it was
the case with farnesyltransferase, VEGF and EGFR inhibitors, experts agree that single agent
treatment of human malignancy using src inhibitor may not be successful and is destined for
resistance and failure [94].

In conclusion, the major reason for the failure of targeted therapies is related to incomplete
understanding and validation of molecular targets before their clinical testing. The complexities
of the genetic and epigenetic changes in PC coupled by the redundancies and cross-talk in
signaling pathways may explain the failure of single-pathway targeted strategies in this disease.
Studies in PC will need to show modulation of the intended target molecule in vivo in patients
receiving those drugs. For example, the failure of farnesyltransferase inhibition may have been
a result of ineffective inhibition of the RAS activity by either compensatory pathway that
activated RAS protein or by the limited benefit of targeting kras in advanced PDA. The fact
that Par-4 has been shown to be a negative prognostic factor in PC patients, certainly points
towards a requirement for greater in depth studies that would ultimately provide explanation
of its involvement in failure of these targeted therapies. Such analysis is certainly hindered by
lack of readily accessible tumor tissue from PC patients that is a significant challenge in
performing in vivo target validation studies.

Expert opinion

Pancreatic cancer is a dreadful disease which so far is intractable to any currently available
treatment regimens or surgery. Gemcitabine and 5 FU continue to be the two commonly used
agents for this disease with modest response. The basic phenomena behind such a poor outcome
for this disease are a combination of multiple factors that includes oncogenic signaling and
acquired resistance. Therefore newer molecular targets and agents are the urgent need of the
hour for a disease as dreadful as PC. Par-4 is a known apoptosis inducer, which unfortunately
has till now been ignored as a potential therapeutic target for PC. Since PC is an oncogenic
kras driven disease and kras is well known to down regulate Par-4 certainly points to a direct
correlation between the two. However, more information is certainly needed on this subject.
Basic mechanistic studies highlight to a crosstalk between the master transcription regulator
NF-kB, the anti-apoptotic Bcl-2 family members and Par-4 the former two being main culprits
for failure of chemotherapy in PC. Our preclinical results have established that Par-4 can be
induced by NF-kB targeting chemopreventive agents as well as synthetic small molecule
inhibitors of Bcl-2 leading to cell death and apoptosis in PC (Figure 1). More significantly,
activation of Par-4 by these agents also reverts the resistance towards gemcitabine and cisplatin
which is inherently observed in PC. Although B-DIM/SMI-5FU combination has not been
studied earlier, it is hypothesized that a similar chemosensitization effect will be observed
toward 5FU that involves induction of Par-4 and warrants further investigation. Therefore
based on our results in our expert opinion, Par-4 should be further studied as a possible target
candidate that would benefit PC therapy.
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Article highlight Box

e Pancreatic cancer is a deadly disease that so far is intractable to currently available
treatment regimens.

e Par-4is an apoptosis inducer that has been well described in different tumors types
yet its significance has so far been ignored in pancreatic cancer.

e Par-4is negatively regulated by oncogenic kras, NF-kB and Bcl-2 all of which are
found up-regulated in pancreatic cancer and contribute to acquired
chemoresistance observed in this disease.

e Chemopreventive agents targeting NF-kB and small molecule inhibitors of Bcl-2
can induce Par-4 leading to apoptosis in PC.

e Induction of Par-4 sensitizes PC cells to chemotherapeutic induced apoptosis.

e Based onthe currently available evidence, Par-4 holds promise as a potential target
candidate for this deadly disease.
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Figure 1. Activation of Par-4 leads to apoptosis in PC

Par-4 is under multiple controls the major ones being mutations in kras along with Akt, Bcl-2,
and NF-kB over expression. Akt suppresses Par-4 through phosphorylation and promoting
14-3-3 binding that restricts Par-4 in the cytoplasm. Akt also blocks T155 phosphorylation by
PKA in cancer cells. Elevated NF-kB in cancer cells can induce Bcl, that is known to down-
regulate PAR-4. Chemopreventive agent B-DIM can activate Par-4 and also induce Par-4
nuclear translocation by down regulating NF-kB (consequently suppressing Bcl-2) and
inhibition of Akt. Apog2 and TW-37 (small molecule inhibitors of Bcl-2) induce Par-4 that
ultimately leads to apoptosis. Par-4 can also transduce classical apoptosis pathways like Fas/
CD95-mediated cell death by interaction with atypical PKC (¢). (PC Pancreatic Cancer, B-
DIM 3,3’diindolylmethane, Apog2 Apogossypolone, PKA protein kinase A).
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