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Abstract
The current anti-cancer therapeutic armamentarium consists of surgery, chemotherapy, radiation,
hormonal therapy, immunotherapy, and combinations thereof. Initial treatments usually result in
objective clinical responses with prolongation of overall survival (OS) and progression-free
survival (PFS) in a large subset of the treated patients. However, at the onset, there is a subset of
patients who does not respond and another subset that initially responded but experiences relapses
and recurrences. These latter subsets of patients develop a state of cross-resistance to a variety of
unrelated therapies. Therefore, there is an urgent need to first unravel the underlying mechanisms
of resistance and associated gene products that regulate the cross-resistance. Such gene products
are potential therapeutic targets as well as potential prognostic/diagnostic biomarkers. In this
context, we have identified three interrelated gene products involved in resistance, namely, Snail,
YY1, and RKIP that are components of the dysregulated NF-κB/Snail/YY1/RKIP loop in many
cancers. In this review, we will discuss the roles each of Snail, YY1 and RKIP in the regulation of
tumor cell resistance to chemo and immunotherapies. Since these same gene products have also
been shown to be involved in the regulation of the EMT phenotype and metastasis, we suggest that
targeting any of these three gene products can simultaneously inhibit tumor cell resistance and
metastasis.
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I. Introduction
Clinically, most tumors initially respond to conventional therapies such as chemotherapy,
radiation, hormonal therapy, immunotherapy and combinations. Such therapies invariably
induce cell death in the sensitive tumor cell population. However, there preexists a cell
subpopulation that is highly resistant to various cytotoxic therapies. In addition, several
responding patients eventually experience relapses and recurrences and no longer respond to
further treatments with either the original or different therapeutic regimens. Noteworthy, the
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cytotoxic therapies mediate their effects, largely, through the programmed cell death
pathways or apoptosis. Hence, the resistant tumor cells are equipped with molecular
mechanisms that evade the drug-induced activation of the apoptotic pathways.

Tumor cell resistance to apoptosis results, in large part, from the constitutive hyperactivation
of several survival/anti-apoptotic pathways such as the NF-κB, the Raf1/MEK/ERK and the
PI3K-Akt pathways. These pathways regulate the transcription, expression and activation of
both pro- and anti-apoptotic gene products that regulate the apoptotic pathways.1,2 Studies
reported by us and others delineated the establishment in tumor cells of the presence of a
dysregulated NF-κB/Snail/YY1/RKIP loop3-7 and that this loop was found to be central in
the regulation of tumor cell sensitivity or resistance to cytotoxic drug-induced apoptosis.

In this mini-review, we will briefly summarize the findings demonstrating the direct role
mediated each by Snail, YY1, and RKIP in the regulation of tumor cell resistance/sensitivity
to chemo-immunotherapeutic drugs-induced activation of apoptosis.

II. Role of Snail in the Regulation of Tumor Cell Resistance to Chemo-
Immuno Cytotoxic Agents
A. General Properties

The Snail transcription factor is a member of the Snail subfamily of zinc-finger transcription
factors. Snail has a conserved C-terminal region containing 4-6 C2H2-type zinc-finger
repeats and a more divergent Snail/Gfi (SNAG) domain that is important for repression and
which downregulates the expression of ectodermal genes within the mesoderm.8,9 Snail has
highly conserved nuclear localization signal (NLS) motifs that are responsible for its nuclear
transport. Snail has been shown to play a role in embryonic development, neural
differentiation, cell division, and cell survival.10 Snail also plays an important role in the
invasion and migratory properties of cancer cells during tumor progression by triggering the
epithelial to mesenchymal transition (EMT).9 Snail is transcriptionally regulated by itself,11

by NF-κB12 and by YY1.13 Snail acts directly as a repressor for E-cadherin14 and for
RKIP.15 In addition, the post-transcriptional regulation of Snail involves phosphorylation in
the serine-rich domain of amino acids 104-107 by GSK3-β before Snail localization to the
nucleus. Phosphorylation on Ser 96 and 100 by the same protein kinase induces Snail
binding to β-TrCP1 and mediates ubiquitination and proteasomal degradation in the
cytoplasm, preventing it for its transcriptional regulation in the nucleus.16

B. Regulation of chemo-immunoresistance by Snail
Snail plays an important role in the regulation of cell cycle and apoptosis through the
activation of the MAPK and PI3K survival pathways. Snail was able to confer resistance to
the lethal effect of serum depletion and TNF-α.17 In another report, human melanoma cells
expressing Snail were protected from apoptosis induced by the chemotherapeutic drug
adriamycin and significant induction of apoptosis in these cells was observed following
treatment of these cells with shRNA Snail.18 In addition, knockdown of Snail via RNAi
sensitized human lung adenocarcinoma cells to cisplastin-induced apoptosis.19 Vannini et
al20 reported that treatment of highly resistant melanoma cells with siRNA Slug sensitized
the cells to both cisplatin and fetomustin cell death. Since Snail and Slug belong to the same
family, it is expected that siRNA Snail would also result in similar findings. Kurrey et al21

reported the involvement of Snail and Slug in the resistance to radiation and the
chemotherapeutic drug paclitaxel. They showed that this phenomenon is a result of a novel
subset of gene targets that is repressed under the conditions of stress by inactivating p53-
mediated apoptosis.
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Hoshino et al22 reported that transfection of colorectal cancer cells with Snail resulted in
their being chemoresistant. Hsu et al23 investigated the mechanism of EMT-induced
chemoresistance in head and neck squamous cancer cells (HNSCC). They examined a
chemoresistant gene product, the excision repair cross complementation group 1 (ERCC1),
and Snail in cancer cell lines from the NCI-60 database and from human HNSCC cell lines.
They have found a correlation between the expression of Snail and ERCC1. In the HNSCC
cell lines, the overexpression of Snail in the low endogenous Snail (ERCC1) lines increased
the expression of ERCC1. Knockdown of Snail in the highly endogenous Snail/ERCC1 lines
downregulated the expression of ERCC1 and attenuated resistance to cisplatin. Further,
suppression of ERCC1 in Snail overexpressing cancer cells enhanced their sensitivity to
cisplatin. Thus, the activation of ERCC1 by Snail regulates cisplatin resistance. Li et al24

reported that overexpression of Snail in the breast cancer MCF-7 cells resulted in slight
enhancement of the MDR gene product, p-glycoprotein (p-gp). They suggested that Snail
inhibition may be useful in modulating the MDR phenotype. Haslehurst et al25 reported in
ovarian cancer cells that reducing the expression of Snail resulted in the reversal of the EMT
phenotype and sensitization to cisplatin-induced cell death.

We have reported that treatment of human prostate cancer cell lines with the proteasome
inhibitor NPI-0052 resulted in sensitizing the tumor cells to both chemo and immuno
cytotoxic drugs.6 Treatment with this inhibitor resulted in the inhibition of NF-κB and its
target gene product Snail. The direct role of NPI-0052-mediated inhibition of Snail in
chemo-immuno-sensitization was shown by transfection of the cells (with high level of
Snail) with siRNA Snail. Snail silencing resulted in the sensitization of the resistant cells to
both CDDP and TRAIL-induced apoptosis, concomitantly with the induction of RKIP.
Interestingly, the sensitization was due, in large part, to the induction of RKIP as
transfection with RKIP siRNA abolished the apoptotic effects of CDDP on the tumor cells.
Depletion of endogenous Snail by RNAi led to increased sensitization to DNA damage
accompanied by increased expression of pro-apoptotic factors identified as targets of Snail.
In addition to drugs, nitric oxide (NO) and proteasome inhibitors, antibodies also sensitized
resistant tumors to apoptosis. Treatment of B-Non-Hodgkin's Lymphoma (B-NHL) cell lines
with rituximab (chimeric anti-CD20 mAb) or galiximab (anti-CD80 mAb) resulted in the
reversal of resistance and chemo-immunosensitization to apoptosis.17,26,27 These antibodies
inhibited NF-κB and downstream Snail. Treatment with siRNA Snail sensitized the B-NHL
cells to CDDP and TRAIL and, thus, mimicking the antibody-mediated sensitization.28

III. Role of YY1 in the Regulation of Tumor Cell Resistance to Chemo-
Immuno Cytotoxic Agents
A. General properties

YY1 is a multi-functional DNA-binding protein that can activate, repress, or initiate
transcription depending on the context in which it binds (directly or indirectly through
complexing with DNA-binding proteins).29 As a repressor, YY1 has been reported to
repress several genes such as IFN-α, GM-CSF, and IL-3.30-32 We have also reported that
YY1 represses both the Fas and DR5 receptors.33,34

B. Regulation of chemo-immuno resistance by YY1
The transcription factor YY1 has been reported to activate or repress certain genes in
different tissues. The first demonstration of the direct role of YY1 in the regulation of tumor
cell resistance was reported in 2001 in which YY1 was shown to regulate tumor cell
resistance to Fas-ligand (Fas L)-mediated apoptosis.33 The role of YY1 in Fas-L-apoptosis
was the result of studies that demonstrated that treatment of ovarian carcinoma cell lines,
resistant to the Fas-L agonist CH-11, were sensitized by treatment with IFN-γ and resulted
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in CH-11-induced apoptosis. Treatment with IFN-γ was shown to upregulate Fas
expression.33 One mechanism by which IFN-γ sensitized the cells was through the induction
of inducible nitric oxide synthase (iNOS) and the subsequent generation of NO in the tumor
cells. The generation of NO by IFN-γ correlated with the increased expression of Fas
transcription and protein expression.35 The relationship between NO and Fas gene
expression was investigated by hypothesizing that NO may, directly or indirectly, modify
the transcriptional machinery that is regulated for the initial expression of the Fas gene.
Using a Fas promoter, driven by a luciferase reporter system, we demonstrated that NO-
induced increase in the transactivation of the Fas promoter was inhibited by NOS inhibitors.
The Fas promoter consists of a silencer, enhancer, and core-regions and the deletion of the
silencing region upregulated the NO-mediated effect and, thus, suggesting that NO may be
disrupting a repressor mechanism. We identified a relevant putative repressor cluster at the
silencer region that matched the consensus sequence that binds the transcription factor,
YY1. Three binding sites for YY1 are located in a very narrow sequence at -1619, -1590,
-1543 base pairs from the translation initiation site of the Fas gene.

NO interferes with the DNA-binding activity of many zinc-fingers via S-nitrosylation of
cysteine thiol groups and the formation of S-nitroso-thiols.36,37 Hence, treatment of tumor
cells with NO inhibited YY1 DNA-binding activity and was restored by the addition of the
reducing agent, DTT.33 We later reported directly the nitrosylation of YY1 by NO.38 These
findings established, for the first time, a new role of YY1 in the regulation of tumor cell
resistance to apoptosis.

In another report, we have investigated the role of the human chimeric anti-CD20 mAb
(rituximab) in the sensitization of chemo-immune resistant B-NHL tumor cells to chemo
immune-induced apoptosis. Initially, we reported that rituximab sensitized B-NHL lines to
drug-induced apoptosis when used in combination with chemotherapeutic drugs in a
synergistic fashion.39 Investigation of the molecular mechanisms underlying the
sensitization revealed an association with the downregulation of the anti-apoptotic gene
products, Bcl2 and BclxL, as a consequence of rituximab-mediated inhibition upstream of
the constitutively activated survival/anti-apoptotic pathways, such as p38 MAPK, NF-κB
and ERK1/2.40 Since NF-κB regulates YY1 transcription and expression41 and rituximab
inhibits NF-κB, we hypothesized that rituximab-mediated sensitization to FasL apoptosis
may be, due in part, to the inhibition of YY1 downstream of NF-κB. Indeed, treatment with
rituximab inhibited YY1 expression and DNA-binding activity and correlated with the
upregulation of Fas expression. In addition, treatment with siRNA YY1 also resulted in
upregulation of Fas and sensitized the tumor cells to FasL apoptosis, mimicking rituximab.
These findings established a mechanism of rituximab-mediated upregulation of Fas in the
sensitization to FasL apoptosis via inhibition of the transcription repressor YY1,5

corroborating a previous report demonstrating YY1 repressing the Fas promoter.33

We investigated one mechanism by which tumor cells regulate the resistance to FasL
apoptosis. Previous findings demonstrated that the activation of NF-κB regulates the
resistance to FasL apoptosis and that this regulation is, in part, mediated by NF-κB
induction of the transcription repressor YY1 that negatively regulates Fas expression and
resistance to FasL. Thus, we have investigated a model with the prostate cancer cell line
PC3. PC3 synthesizes and secretes TNF-α and expresses constitutively activated NF-κB.
We first demonstrated that treatment of PC3 cells with recombinant TNF-α induced the
activation of both NF-κB and YY1 concomitantly with the downregulation of Fas
expression and augmented the resistance of PC3 cells to FasL apoptosis. In contrast,
blocking TNF-α synthesis and secretion and inhibition of its interaction with the TNF-α
receptors on PC3 cells, using soluble TNF receptor, reversed resistance and sensitized the
cells to FasL apoptosis. This finding established the autocrine/paracrine loop by TNFα-TNF
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receptor interactions in PC3 cells in the regulation of FasL apoptosis via induction of YY1
expression and activity.42

The TNF-related apoptosis ligand, TRAIL, is expressed on cytotoxic lymphocytes (CTL,
NK) and participates in cell killing via its interaction with its receptors DR4 and DR5
expressed on sensitive target cells. Unlike TNF-α and FasL, TRAIL is safe and minimally
cytotoxic on normal tissues and, therefore, has been considered as a potential anti-cancer
therapeutic agent. TRAIL has been reported to exhibit potent cytotoxicity against a variety
of tumor cell lines and in vitro and in vivo murine models with minimal toxicity on normal
issues.43 However, the majority of human tumors are resistant to TRAIL apoptosis and,
therefore, must be sensitized to reverse the resistance. Several factors have been reported to
contribute to the resistance of tumor cells to TRAIL apoptosis.44,45 Conventional
chemotherapeutic drugs and radiation were reported to sensitize tumor cells to TRAIL
apoptosis and several drugs resulted in the upregulation of DR5.46-48 However, the
mechanisms by which certain chemotherapeutic drugs sensitize tumor cells to TRAIL
apoptosis were not known and were subjected to our investigation. The transcriptional
regulation of DR5 by drugs was reported as due to a functional SP1-binding site on the DR5
promoter,49 responsible for its regulation. We have also identified another binding site for
the transcription factor YY1 on the DR5 promoter region. Thus, we hypothesized that drugs
may inhibit NF-κB activity and downstream YY1 expression and resulting in the
upregulation of DR5 and sensitization to TRAIL apoptosis. Several lines of evidence
supported this hypothesis. Treatment of several human prostate cancer cell lines with
various chemotherapeutic drugs (examples: CDDP, VP16, adriamycin, vincristine) inhibited
both NF-κB and YY1 activities and sensitized the cells to TRAIL apoptosis concomitantly
with the upregulation of DR5. Transfection of cells with the wild type DR5 reporter was
significantly augmented with a DR5 construct carrying either a deletion or a mutation in the
YY1 binding site. In addition, cells transfected with siRNA YY1 resulted in the upregulation
of DR5 and sensitization to TRAIL apoptosis.34 In addition, we have demonstrated that
treatment of TRAIL-resistant B-NHL cell lines with rituximab sensitized the cells to TRAIL
apoptosis. Treatment of B-NHL cells with rituximab inhibited both YY1 DNA-binding
activity and expression. Rituximab-mediated sensitization to TRAIL apoptosis was due, in
large part, to rituximab-mediated inhibition of the transcription factor Yin Yang 1 (YY1).
The direct role of YY1 in TRAIL sensitization by rituximab was also demonstrated by
transfection with YY1 siRNA, and such cells mimicked rituximab and became sensitive to
TRAIL-induced apoptosis.50

We have reported that treatment of tumor cells with nitric oxide (NO) sensitized tumor cells
to FasL apoptosis via inhibition of NF-κB and YY1 expressions and activities through, in
part, the S-nitrosylation of p50 and YY1. Therefore, the findings showing that YY1 also
represses DR5 expression and that inhibition of YY1 by drugs upregulated DR5 and
sensitized the cells to TRAIL apoptosis51 suggested that NO can also sensitize tumor cells to
TRAIL apoptosis via inhibition by YY1 and its S-nitrosylation. Indeed, the findings
corroborated this hypothesis and demonstrated that treatment of tumor cells with the NO
donor DETANONOate sensitized tumor cells to TRAIL apoptosis. Treatment with
DETANONOate inhibited NF-κB and YY1 and upregulated DR5 expressions.7 Another
mechanism by which YY1 is involved in the regulation of DR5 and sensitization to TRAIL
apoptosis was reported following treatment of tumor cells with proteasome inhibitors.
Treatment with the inhibitors NP1-0052 or Bortezomib resulted in the inhibition of NF-κB
and YY1, upregulation of DR5 and sensitization to TRAIL apoptosis.52 The above findings
demonstrated the direct role of YY1 in the regulation of tumor cell resistance to both FasL
and TRAIL apoptosis via its transcriptional repressor activity.
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The role of YY1 in the resistance to chemotherapeutic drugs was previously not known. A
reported study by Wink et al53 demonstrated that NO can sensitize tumor cells to various
chemotherapeutic agents although the mechanism was not examined. We have shown that
NO treatment resulted in the inhibition of NF-κB and YY1 expressions and activities as well
as S-nitrosylation. These effects resulted in the upregulation of Fas and DR5 and
sensitization to FasL and TRAIL apoptosis, respectively. Since NF-κB has been reported to
regulate survival and drug resistance, we investigated whether YY1 was also involved in the
regulation of drug resistance. Treatment of tumor cells with the NO donor DETANONOate
resulted in the sensitization to drug-induced apoptosis along with inhibition of NF-κB, YY1
and BclxL. The direct role of YY1 in the regulation of drug resistance was corroborated by
the use of tumor cells transfected with siRNA YY1 which were sensitized to drug apoptosis
and concomitantly with the inhibition of both the YY1 and BclxL. Likewise, tumors cells
transfected with siRNA BclxL inhibited both BclxL and YY1 and sensitization to drug
apoptosis.54

IV. Role of RKIP in the Regulation of Tumor Cell Sensitivity to
Chemotherapeutic Drugs
A. General properties

The Raf-1 kinase inhibitor protein (RKIP) is a member of the phosphatidylethanolamine-
binding protein family (PEBP). It is a cytosolic protein initially shown to play a role in lipid
metabolism and phospholipid membrane biogenesis.55 When initially cloned, it was shown
to inhibit both the Raf-1/MEK/ERK and NF-κB pathways.56-58 Phosphorylation of RKIP at
Serine-153 by protein kinase C abolishes RKIP's inhibition of Raf-1 and converts it to an
inhibitor of the G-protein coupled receptor kinase, GRK-2, and in addition, Lorentz et al59

reported that this process facilitated the cross-talk between the EGF and GPCR signaling
pathways. In a study by Fu et al,60 they demonstrated that the ectopic expression of RKIP
suppressed invasion and metastasis of human prostate cancer cells implanted in mice. In
another study, the ectopic expression of RKIP suppressed the metastatic ability of ovarian
cancer cells in vivo and, in contrast, the down-regulation of RKIP led to invasiveness in
vitro.61 Hence, RKIP has been named a “metastatic suppressor gene product.”

B. Role of RKIP in chemo-immunosensitization
Defining the genetic mechanisms underlying tumor resistance to drug-induced apoptosis is a
prerequisite towards the development of new and successful approaches to reverse
resistance, including improvement of host anti-tumor immunity. Tumors exhibit
constitutively activated-survival/anti-apoptotic pathways, particularly NF-κB62,63 which
regulate gene products involved in the apoptotic pathways. TRAIL and agonist monoclonal
antibodies against DR4 and DR5 are being evaluated clinically in cancer therapy. However,
most tumors are resistant to the direct effect of TRAIL44 and the reversal of TRAIL-
resistance necessitates that the tumor cells become sensitized by other agents such as
proteasome inhibitors64 and chemotherapeutic drugs.34,48 In addition, another gene product,
namely, RKIP, a metastatic suppressor gene product, has also been shown to be involved in
the regulation of resistance. Chatterjee et al.65 reported that drug-resistant cancer cells can
be sensitized to drug apoptosis by expression of RKIP. RKIP has been characterized as a
modulator of apoptosis and metastasis through the regulation of survival signaling cascades,
such as the Raf/MEK/ERK kinase cascades, GPCR, and the NF-κB pathway.57,66-71 Due to
the inhibitory role of RKIP in the regulation of above survival pathways, it invariably will
also play a role in the regulation of apoptotic stimuli. Hence, we hypothesized for a new role
of RKIP as a regulator of tumor sensitivity to TRAIL mediated apoptosis. Hence, induction
or ectopic expression of RKIP in TRAIL-resistant tumor cells reversed resistance and
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sensitized the cells to TRAIL-apoptosis.52 The levels of RKIP in tumor cells are usually low
and, therefore, are considered as critical determinants of tumor fate to apoptosis.72

RKIP overexpression reverses resistance to TRAIL apoptosis while knocking down RKIP
by siRNA induced resistance to TRAIL apoptosis. RKIP overexpression modulated both
type I and type II apoptotic pathways and in combination with TRAIL triggered apoptosis.
To unravel the mechanism by which RKIP sensitizes tumor cells to TRAIL, we first
examined its effect on the expression of DR5. Increased RKIP expression correlated with
increased DR5 mRNA and protein as well as increased DR5 promoter activity. Since we
reported previously that upregulation of DR5 is the results of inhibition of its transcription
repressor YY1,34 we have found that overexpression of RKIP correlated with inhibition of
the YY1 transcript and protein, due to RKIP-induced effects in inhibiting upstream NF-κB
that in turn regulates YY1. The direct involvement of YY1 in DR5 upreguation by RKIP
was consistent with the findings showing that either deletion or mutation of the putative
YY1-binding site in the DR5 promoter upregulated the enhancing effect that RKIP
overexpression had on the wild type DR5 promoter. There was no effect of RKIP
overexpression on DR4 or decoy receptors. The involvement of NF-κB inhibition by
overexpression of RKIP in the inhibition of YY1, up-regulation of DR5 and sensitization to
TRAIL was shown in cells with overexpressed RKIP and with significant inhibition of NF-
κB promoter activity and NIK phosphorylation. In addition, RKIP overexpression caused
the depolarization of mitochondria markers and activation of pro-caspase 9 and contributed
on the downregualtion of anti-apoptotic gene products, such as XIAP and BclxL, targets of
NF-κB. In combination with TRAIL, overexpression of RKIP also resulted in the activation
of caspase 8. Taking into account the notion that RKIP regulates immune surveillance and
tumor metastasis, the levels of RKIP expression in tumors may be critical determinants in
cancer progression. Therefore, the increased RKIP in tumors may be a therapeutic target for
enhancing drug immune sensitivity of tumors.52

We have reported that resistance of tumor cells to chemo-and-immunocytotoxic agents may
be reversed by sensitization with proteasome inhibitors such as Bortezomib and NPI-0052.54

We investigated the role of RKIP in proteasome inhibitors-induced sensitization to chemo
and immuno-therapeutic drugs.6 This investigation was based on a report by Beach et al.15

who demonstrated that RKIP was under the transcriptional regulation of the transcription
repressor Snail in prostate tumor cells. Snail is a member of the Snail superfamily of zinc-
finger transcription factors with a pivotal role in embryonic development and cell survival.9

Snail is transcriptionally regulated, in part, by NF-κB12,73 and by itself via binding to its
own promoter and repressor activity.11 Based on these findings, we hypothesized that
inhibition of NF-κB by proteasome inhibitors will result downstream in the inhibition of
Snail and consequently resulting in the derepression of Snail repressor activity and induction
of RKIP expression. Hence, the induction of RKIP will then result in tumor cell sensitization
to both drugs and immune cytotoxics as reported previously. We showed that treatment of
tumor cells with the proteasome inhibitor NPI-0052 sensitized the tumor cells to both CDDP
and TRAIL apoptosis. The sensitization was the result of NPI-0052-mediated inhibition of
Snail and induction of RKIP and resulting in the modulation of the NF-κB/Snail/RKIP loop
and, hence, it resulted in the continuous reinforcement of the inhibition of NF-κB by
NIP-0052 directly and underwent inhibition of Snail and induction of RKIP. These findings
suggested the role of the NF-κB/Snail/RKIP feedback loop established in cancer cells with a
dominant effect on cell survival, resistance and metastasis; each component of the loop is
independently involved and implicated in these phenomena.74-77

In addition to chemotherapeutic drugs and proteasome inhibitors effects on RKIP induction,
we have reported that treatment of tumors cells with the NO donor DETANONOate also
sensitized cells to apoptotic stimuli.54 We have also reported that NO inhibits NF-κB
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activity and since NF-κB regulates downstream Snail, therefore, we hypothesized that
treatment of tumor cells with NO will result in the inhibition of both NF-κB and Snail and,
consequently, derepressing Snail repressor activity on RKIP and resulting in the induction of
RKIP. The induction of RKIP will, then, result in both chemo and immuno sensitization of
tumor cells as reported above.6,34,52,62

V. Conclusions
Conventional clinical treatment options for cancer patients include surgery, chemotherapy,
radiotherapy, hormone- and immune-based therapies. Combinations of two or more of these
approaches have also been clinically evaluated. These modalities induce apoptosis in
sensitive tumor cell population. Owing to the heterogenous nature of tumors, a
subpopulation of cells is inherently resistant to treatment. Additionally, patients whom
initially respond to treatment experience tumor recurrences. Relapsed tumors are no longer
responsive to either the initial treatment or alternative treatments. They basically develop
cross-resistance to the apoptotic effects of various treatment modalities. Thus, tumor cells
have developed various mechanisms to evade apoptosis, metastasize, with eventual demise
of the patient. Recent technological advances such as array-based high-throughput gene
expression analysis in understanding the specific genes involved and the signal transduction
pathways and the comparative gene expression patterns of primary and metastatic tumors
have provided unique opportunities to examine cancer in greater depth. In particular, these
advances have presented opportunities to an improved understanding of the gene expression
patterns involved with metastatic progression. This has led to the novel discovery of the NF-
κB/Snail/YY1/RKIP circuitry as a key regulator of the EMT phenotype and tumor
metastasis. In various tumor models, the activation of cell survival signal transduction
pathways such as the NF-κB, MAPK, and AKT/PI3K pathways, which act as upstream
regulators/activators of the Snail/YY1/RKIP circuitry, equip the cells with the drug-
resistance and invasive phenotypes. (See scheme in Fig. 1). These tumors no longer respond
to further therapy and metastasize. Thus, understanding the intricacies of these signaling
pathways, their mode of activation, regulation, and suppression is urgently needed.
Furthermore, small molecule chemical inhibitors or biological response modifiers (e.g.,
cytokines) that negatively regulate the activity of the NF-κB/YY1/RKIP loop will
undoubtedly hamper the EMT phenotype and prevent tumor metastasis.
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ERCC1 excision repair cross complementation group 1

Fas L Fas-ligand

GSK3-β Glycogen synthase kinase 3 beta

HNSCC head and neck squamous cancer cells

iNOS inducible nitric oxide synthase

NO nitric oxide

RKIP Raf kinase inhibitor protein

YY1 Yin Yang 1
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Fig. 1.
This schematic diagram represents the constitutively activated and deregulated NF-κB/Snail/
YY1/RKIP loop in cancer cells. The black solid lines demonstrate that activated NF-κB
regulates the transcription and expression of Snail. Snail is a transcription repressor of RKIP
and, therefore, there is minimal suppression of NF-κB by RKIP. In addition, NF-κB
activates the transcription and expression of YY1. YY1 has been shown to positively
regulate the transcription and expression of Snail. Therefore, the activation of NF-κB, Snail
and YY1 along with the inactivation of RKIP results in the regulation of tumor cells chemo-
immuno-resistance to cytotoxic agents. However, inhibitors of the above loop (red solid
lines), such as inhibitors of NF-κB (by chemicals, proteasome inhibitors, NO, etc.) result
downstream in the inhibition of Snail and YY1 along with the induction of RKIP. Like the
inhibition of NF-κB, the direct inhibition of Snail or YY1 (by shRNA, inhibitors, etc.) will
also result in the induction of RKIP and further inhibiting the NF-κB/YY1/Snail circuit.
Altogether, the various inhibitors will result in the reversal of tumor cells chemo-immuno-
resistance to chemo-immuno-sensitivity to cytotoxic agents. Overall scheme of the roles
each of Snail. YY1 and RKIP m the regulation of tumor cell chemo-immuno resistance.
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