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Abstract: The melanoma differentiation-associated gene-7(mda-7),
IL-24, has the specific functions that induce cancer cell apoptosis
without doing harm to normal cells. We systematically review the
apoptotic signal pathways and their regulatory mechanisms induced
by Ad.IL-24 and IL-24 in diverse cancer cells. IL-24 can participate
in varied signal transduction pathways, including JAK, p38
MAPK, Wnt/B-catenin, JNK, ER stress and mitochondria-associated
signal pathways. And we review five proteins interacting with 1L.-24,
including Bip/GRP78, S1R, PKR, Beclinl and soluble clusterin,
which are relative to the tumor-specific effect of IL-24. It is
speculated that ER stress, G-protein pathways and MAPK signal
pathways may be the primary upstream effectors which activate the
sequential downstream mediators resulting in apoptosis induced by
IL-24 in tumor cells. Experimental results also show that 1L-24
sensitizes cancer cells and indirectly promotes apoptosis rather than
functions as a direct apoptosis inducer itself.
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0 Introduction

The melanoma differentiation-associated gene-7
(mda-7) was identified by performing subtraction hy-
bridizations between different terminal differentiation
melanoma cells in 1995 and renamed IL-24 based on the
properties of a classical cytokine '\, As a tumor suppressor
gene with a potential ability in gene-based human cancer
therapy, IL-24 is characterized by specifically inducing
cancer apoptosis, a potent bystander effect, antiangiogenic
properties and anti-tumor synergy with other treatments 231,

Both recombinant IL-24 and Ad.IL-24 induce cell
growth suppression and apoptosis in extensive human
cancer cells, without exerting any deleterious effects on
their normal counterparts, including non-small cell lung
carcinoma cells, colorectal cancer cells, ovarian cancer
cells, prostate cancer cells, melanoma cells, breast cancer
cells, glioma cells, oral cancer cells, hematopoietic
malignancy cells, Hela cervical cancer cells, renal
carcinoma cells, pancreatic cancer cells and lung cancer
stem cells. Specially, the apoptosis induced by IL-24 is
independent of classic tumor suppressor genes P53 and
Rb [+,

Multiple signal pathways play a key role in
IL-24-mediated apoptosis, including endoplasmic
reticulum (ER) stress, reactive oxygen species (ROS) in
the mitochondria, ceramide production, inhibition of
[S-catenin and PI3K, activation of p38 mitogen-activated
protein kinase (MAPK), upregulation of pro-apoptotic
proteins, downregulation of anti-apoptotic proteins, Fas-
FasL signal, JAK, TLR3, Wnt/f-catenin %)

For further researches about IL-24-mediate cancer
therapy, we review the apoptotic signal pathways and
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their regulatory mechanisms induced by 1L-24 in cancer
cells in this paper and summarize the basic charac-
teristics of 1L-24 signal networks in cancer cell-specific
killing.

1 Structure and Receptors of
Mda-7/ IL-24 Protein

Similar to other cytokine of IL-10 family, the gene
encoding IL-24 is located on chromosome 1q32-33 in
human genome with 7 exons and 6 introns. The cDNA of
IL-24 includes 1 718 base pairs which encodes a 206
amino acid protein with a predicted molecular weight of
23.8 k "), The amino acid sequence from 1 to 49 is the
putative signal peptide of IL-24 protein which is
significant for the secretion of protein. Secreted 1L-24
protein is different in molecular sizes because of the
different N-glycosylation sites ['* at the putative amino
acid residues 85, 99 and 126 '"*! (Fig. 1). While studies
reveal that the glycosylation of IL-24 is not mandatory
for inducing cell death or bystander activities in different
cancer cells "%,

Sequence analysis shows that there is an IL-10
signature region from amino acid residues 101 to 121,
three protein kinase C (PKC) consensus phosphorylation
sites located at amino acid residues 88, 133 and 161, and
three casein kinase II (CKII) consensus phosphorylation
sites on amino acid 101, 111 and 161 '**! (Fig. 1).

Using segmented analysis, a specific mutant of
IL-24, consisting of amino acids 104 and 206, is necessary
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Fig. 1 Schematic representation of the primary structure of
mda-7/IL-24 protein

There is a signal peptide from residues 1 to 49, which can be
incised between residue 49 and residue 50 during secretion. Three
putative glycosylation sites are located at amino acid residues 85,
99 and 126, three putative PKC consensus phosphorylation sites
are located at amino acid residues 88, 138 and 161, and three
putative casein kinase II (CKII) consensus phosphorylation sites
are located at amino acid residues 101, 111 and 161. The primary
sequence from amino acid residues 101 to 121 is the IL-10 signature
sequence which is required for sequential series of responses

for the cancer-specific growth suppression and apoptosis-
inducing properties of the full-length protein . Two
couples of receptors dimmers, IL-20R1/IL-20R2 and
IL-22R1/IL-20R2, have been identified as IL-24 receptors
which are responsible for activating the downstream
signal cascades JAK/STAT "% (Fig. 2). However, the
researches of expression pattern of the receptors indicate
that complete IL-24 receptors are seldom expressed in
cancer cell lines "7}, and IL-24 is independent of receptor
expression and JAK/STAT signal in selective killing a
vast variety of cancer cells, which is in stark contrast to
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Fig. 2 Schematic of receptors or other putative targets of 1L-24

The two couple of receptors, IL-20R1/IL-20R2 and IL-22R1/
IL-20R2, are two homologous dimmers actually. IL-24 may have
other targets, including possible new receptors

2 Cancer-Specific Apoptosis
Induced by IL-24

Apoptosis, also known as programmed cell death,
requires a sequential series of responses so that it can
eliminate unwanted cells from body system. There are
abundant evidences which demonstrate that IL-24 can
selectively kill cancer cells and suppress tumor growth
and migration without hurting normal cells "®). Further-
more, 1L-24 is found out to be nontoxic to normal stem
cells, but toxic to cancer-initiating stem cells, thus
providing further evidence for a possible application in
cancer therapy .

2.1 Apoptosis Induced by Recombinant or
Secreted IL-24

It have been demonstrated that the recombinant and
secreted IL-24 can activate a series of intracellular
downstream signaling by binding to IL-20R1/IL-20R2 and
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IL-22R1/IL-20R2 1),
receptors are the key for IL-24 mediates-apoptosis
signaling. Recombinant His-IL-24, combined with its

There are also evidences that

receptor pairs, can induce prostate carcinoma cancer and
pancreatic cancer cells apoptosis by the activation of p38
MAPK and subsequently induce the expression of SARI
(suppressor of AP-1, regulated by IFN) (Fig. 3: A-1, A-1-2).
Actually, SARI represents a downstream target of IL-24 in
cancer cells and is functioned as a key determinant of
cancer-specific killing 1!

In other studies, recombinant GST-IL-24 induces
ceramide-dependent activation of Fas-FasL pathways
which promotes multiple pro-apoptotic pathways, such as
the phosphorylation of kinase RNA-like endoplasmic
reticulum kinase (PERK), the activation of c-Jun
N-terminal kinasel/2 (cJNK1/2) and p38 MAPK, the
inactivation of ERK1/2 and autophagy to decrease
survival in kidney cancer cells, A549 cells and glioma
cells 1202 (Fig. 3: E-1, 2, 3). Otherwise, the recombinant
secreted 1L-24 (commercial 1L-24, GST-IL-24 expressed
by bacteria, 1L-24 secreted from transfected HEK cells,
or transient overexpression of different IL-24 constructs)
does not induce substantial apoptosis in several melanoma
cells compared with that in the appropriate control
treatments. But it should be noted that the three
investigated cell lines including A375, MeWo and Wm35
could not express sufficient amounts of functional receptor
pairs %241,

Three same melanoma cell lines(A375, MeWo and
Wm35) are used in another study, in which the secreted
IL-24 triggered apoptosis of the cell types and the
receptor pairs are detected on the membrane of the three

10.241 1t is normal that the same cell line has

cell lines !
different expression models for some proteins in
different labs. And these results still provide support that
the tumor specific killing activity of 1L-24 is dependent
on the receptors pairs. However, conflicting data have
also been obtained. At lower concentrations, IL-24
activates STAT transcript 3 (STAT-3) and promotes
cellular proliferation **, While, at higher concentrations
(100-200 times increased), IL-24 activates STAT-1 and
leads to cell growth inhibition .

Although the receptor pairs exist and STAT-3 can be
activated in treatment with recombinant IL-24, the knock-
down of STAT-3 in pancreatic tumor cells does not
abrogate 1L-24 protein- mediated cytotoxicity indicating
that STAT-3 is not re- quired for IL-24-mediated
antitumor activity **! (Fig. 3: B, B-1, B-2). These results
show that the initial I1L-24- induced apoptosis of cancer

cells is independent of JAK/ STAT signal pathways !'* ¥,

Additionally, the IL-24, extracellularly
administered, fails to induce activation of PKR and has

secreted

no cancer-specific apoptosis- inducing properties on
H1299 lung tumor cells ). But the investigators do not
check the receptor pairs in the H1299 cell membrane.

In fact, many cancer cells and human tissues lack
sufficient amounts of functional receptor pairs and
therefore do not react to recombinant and secreted 1L-24
treatments ' "7, This throws into doubt whether IL-24
can exert so-called bystander effects on cancer cells
without receptor pairs if the presence of receptors is
necessary ¢
may play another important role in promoting the killing

1. Immune-modulatory function of IL-24

signals. IL-24 is preferably secreted by monocytes, T
cells and B cells, and increasingly expressed in the
position of immune- opathology.

The secreted IL-24 protein can activate human
peripheral blood mononuclear cell (PBMC, via STAT3
phosphorylation) and induce secretion of IFN-y, IL-6,
and TNF-a, and along with lower levels of IL-1, IL-12,
and granulocyte-macrophage colony stimulating factor
(GM-CSF) from human PBMCs favoring a Thl-

type immune response

. It might be these pro-
in flammatory cytokines as well as activated immune
cells that provide the killing signals of cancer and
function as bystander effecters *”). These studies provide
further support for a mode of killing by IL-24 that
involved in intracellular actions and the secreting 1L-24
functioned as a synergy effect especially when the
targeted cell has IL-24 receptor pairs.
2.2 Functions of Expression Vectors Delivering
IL-24

Ad.IL-24 induces growth suppression and cancer-
specific apoptosis in a panel of different cancer cells
without doing harm to their normal counterparts .
These studies, combined with experiments results that
adenovirus delivering IL-24 lacking a signal peptide also
induces cancer-specific apoptosis in A549 cells, provide
further support for the combination of IL-24 with

adenoviral overexpression vector that represents a

promising treatment choice for various solid cancers "\
Not requiring for viral replication, IL-24-mediated
enhancement of the influenza A virus also induces cell
death, which is mediated by TLR3 and the formation of
an atypical TLR3-associated death-inducing signaling
complex(DISC), followed by the activation of caspase-8
and subsequent caspase-3(Fig. 3: C).

cFLIP, one of the ingredients of DISC, plays a
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major role in regulation of cell death induced by TLRs
and is dissociated from the atypical death complex DISC
in the presence of 1L-24, which makes TLR-mediated
apoptosis to be possibly not restricted to the stimulation
of TLR3 PY. As adenoviruses are known to stimulate
TLR2 and TLRO,
adenoviruses, probably provides a starting stimulus,
while IL-24 promotes an additional stimulus to induce
apoptosis by interfering the atypical death complex.
2.3 JAK/STAT Pathway

Some researches verified that Ad.IL-24 can activate
JAK and its following response STAT3 in diverse human
cancer cells, including melanoma, breast, prostate,

influenza A virus, similar to

fibrosarcoma cancer cells and Hela cervical cancer
cells " '® 3% (Fig. 3: B). The activated JAK/ STAT3
upregulates the expression of IFN regulatory factor 2
(IRF-2) and downregulates the expression of both IFN
regulatory factor 1 (IRF-1) and inducible nitric oxide
synthase (iNOS) in melanoma ®*! (Fig. 3: B, B-1). Both
IRF1 and IRF2 are nuclear transcription factors in
response to IFN-y, but the functions of the two factors are
contradictory: IRF-1 induces the expression of iNOS,
while IRF-2 inhibits the expression of iNOS P*. As a
activated JAK/STAT3
expression of iNOS, thus inhibiting tumor growth and
metastasis. Meanwhile, the activated JAK/STAT3 also
upregulates growth arrest-specific gene-3 (gas3) to
inhibit the interaction between Sl
fibronectin, which inhibits the
proliferation of breast cancer cells **! (Fig. 3: B, B-2).

Although Ad.IL-24 treatment can activate JAK/
STAT3 and induce tumor cell apoptosis, the apoptosis is not
always dependent on the activation of JAK/STAT3.
Treatment with distinctive tyrosine kinase inhibitors
(Genistein and AG18) or JAK-selective inhibitor (AG490)
does not prevent apoptosis induced by Ad.IL-24 in diverse
cell lines (C8161, DU145, and HO-1) 1321 The recombinant
His-IL-24 can induce the same prostate carcinoma by the
activation of p38 MAPK but it is independent of
JAK/STAT ' (Fig. 3: A-1, A-1-2).
recombinant or secreted IL-24 does not induce apoptosis
of some melanoma cells, and the apoptosis induced by
Ad.IL-24 is independent of JAK/STAT3 signal pathways
and receptor engagement ' >4,
2.4 MAPK Pathway

MAPK signal transduction pathways are evolution-
arily conserved among eukaryotes and consist of 5 main
subgroups of MAPKs: extracellular signal- regulated
kinase-1/2 (ERK1/2), c-Jun NH,-terminal kinase (JNK /

result, the attenuates the

integrin and
attachment and

In addition,

SAPK), p38 MAPK (p38a, p38B, p38y and p389),
ERK3/4 and ERKS. JNKs, activated by MKK7/4, are
encoded by three genes, JNK1, JNK2 and JNK3. p38
MAPK is selectively activated by MAPK kinases 3/6
(MKK3/6). Both JNKs and p38 MAPK are important
mediators of apoptosis, while ERK1/2 are key trans-
ducers of proliferation, differentiation and survival
signals P%. p38 MAPK is associated with Ad. IL-24-
induced cancer cell-specific killing in melanoma cells,
glioblastoma multiforme, prostate cancer, breast cancer,
pancreatic cancer and ovarian cancer cells, and the
activated p38 MAPK promotes the transcription of a
family of growth arrest and DNA damage (GADD)
including GADDI153, GADD34, GADD450 and
GADD45y, and GADDI153 but not in corresponding
counterparts 2% (Fig. 3: D, A-1).

GADD34 is involved in translation initiation, DNA
recombination or repair, mRNA transportation, and
transcriptional regulation by interacting with a diverse
array of proteins within the cell. GADD45 functions in
nucleotide excision are repaired by associating with p21
WAF1/CIP1/MDA-6 and PCNA (proliferating cell
nuclear antigen) and mediate activation of p38 and JNK
MAPK by interacting with MAPK kinase kinases
(MAPKKKSs). GADDI153 primarily
C/EBP-mediated transcription. The downregulating
Bcl-2 may be mediated by GADDI153 with down-
regulating the Bcl-2 promoter 0], Apart from GADD
and Bcl-2, p38 MAPK also acts on the downstream
target heat shock protein (HSP27), which initiates
apoptosis °7. p38 MAPK also stabilizes the mRNA of
IL-24 and upregulates the expression of IL-24 as a
regulator of I1L-24 expression by stabilizing the 3’UTR
of IL-24 mRNA " But p38 MAPK should have no
effect on the stabilization of mRNA which is transcribed
from the DNA of Ad.IL-24, because the transcription
variant has no 3’UTR. The activation and upregulation of

interferes with

protein kinase R (PKR) appear to be another crucial
upstream signal cascade in Ad.IL-24 inducing apoptosis in
some cancer cells such as lung cancer cells, ovarian cancer,
[11-40- 41" \which correspondingly
results in phosphorylation of its down-stream targets elF-2a,
Tyk2, STAT1, STAT3, JNK and p38 MAPK ["**** [t has
been demonstrated that 1L-24 can physically interact with
PKR in lung cancer cells and PKR as well as IL-24 (on
threonine and serine residues) is phosphorylated by
treatment with Ad.JL-24 .

It should be noted that secreted IL-24 cannot
activate the PKR pathway in human melanoma cells,

leukemia and melanoma
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A549 and H1299 NSCLC cell lines, and its bystander
effects are independent of activation of PKR ). The
death-inducer Fas ligand and its cognate receptor Fas
(Fas-FasL) can be induced by Ad.IL-24 via JNK cascade
in ovarian cancer cells, in which activated JNK excites
transcription factor c-Jun and ATF2. Then the two factors
would shift their location to nucleus to initiate the
transcription of Fas and FasL P (Fig. 3: H-1, H-2). The
secreted FasL is associated with Fas and Fas-FasL
complex promoted to recruit DISC, which results in cell
death via activating caspase-8 **) (Fig. 3: H-3). However,
whether cFLIP is dissociated from the DISC has not been
checked in the study. In addition, Ad.IL-24 induces a
remarkable increase of various ceramides (C16, C24,
C24:1) in prostate cancer cells but not in normal cells by
increasing the expression and activity of acid
sphingomyelinase (AMSase) and
ASMase from the endosomal/lysosomal compartments to
the plasma membrane [44-46] (Fig. 3: E).

The increasing ceramide may form lipid rafts in the
plasma membrane to promote the formation of Fas and

translocation of

TRAIL receptor clustering and thereby play a prominent
role in Ad.IL-24 enhanced apoptotic signal " ** (Fig. 3:
E-1). Ad.IL-24 upregulates pro-apoptotic protein Bim
and protein phosphatase 2A (PP2A) via upregulating
ceramide production. As a result,
mitochondria dysfunction and PP2A inhibits the active-

tion of extracellular regulated kinase (ERK) and v-AKT
44-46]

Bim leads to

murine thymoma viral oncogene homolog (AKT) *
(Fig. 3: E, E-2). The rising ceramide also increases ROS
which correspondingly aggravate the oxidative stress and
ER stress I*” (Fig. 3: E-3). Other reviews disclose that
ceramide treatment in a prostate and colorectal cancer
cell line induces apoptosis only when Bax is over-
expressed, suggesting that ceramide might not be the
final apoptosis executors whose functions are dependent
on other apoptosis mediators [*.
2.5 ER Stress Pathways and Mitochondria-
Mediated Apoptosis with Treatment of Ad.IL-24
The endoplasmic reticulum (ER) is an essential
organelle in eukaryotic cells for processing and modifying
protein, storing calcium and conducting the entrance of
secreted protein. With the accumulation of misfolding/
unfolding proteins, the steady state is disturbed and ER
stress is induced, which may lead cancer cells to apopto-
sis %, The unfolding protein response (UPR) consists of
three main signal sensors: double-stranded RNA-activated
protein kinase-like ER kinase (PERK), inositol-requiring
kinase la (IREla) and activating transcription factor

6(ATF6) °"** (Fig. 3: F, G, H).

Under non-stressed conditions, BiP/GRP78 is
bound to the luminal domains of the three sensors to
prevent their dimerization. However, the unfolding/
misfolding protein has stronger interaction with BiP/
GRP78 than the three UPR sensors and makes BiP/
GRP78 to be disassociated from them. Subsequently, the
three sensors form dimers and are activated. Activated
PERK phosphorylates eukaryotic translation initiation
factor 2 on the a subunit(e[F2a) and attenuates global
translation °% (Fig. 3: F, F-1).

EIF2a phosphorylation also can activate transcription
factor 4(ATF4) to translocate to nucleus for transcription
of many apoptosis-associated gene, such as GADD family
and CAAT/enhancer-binding protein (C/EBP) homologous
protein (CHOP) ™% (Fig. 3: F-1-1). Spliced ATF6 are
also transported into nucleus then binds to the
ATF/cAMP response element (CRE) and the ER
stress-response element (ERSE-1) to activate target
genes, such as CHOP ! (Fig. 3: H).

Activated IREla XBP1 mRNA by
removing a 26-nucleotide intron and this splicing

cleaves

reaction creates a translational frame shift to translate the
protein XBP1 functioned as a transcription factor to
activate CHOP % (Fig. 3: G-1) as well as a kinase to
activate IkB kinase(IKK) ®° (Fig. 3: G-2), apoptosis
signal-regulating kinase 1 (ASK1) and JNK %, Those
activations upregulate the expression of pro-apoptotic
protein such as Bim and downregulate the expression of
anti-apoptotic protein such as Bel-2 P (Fig. 3: G-3).
Accumulation of evidences suggests that IL-24
can activate ER stress efficiently, and ER stress-
mediate signal pathway is vital in Ad.IL-24-induced
apoptosist'> *7,
prostate carcinoma, cervical cancer and breast cancer cell
lines demonstrate that 1L-24 interacts with BiP/GRP78
through their C and F helices and culminates in cancer
selective apoptosis *! (Fig. 3: I). In addition, sigma 1
receptor (S1R), a endoplasmic reticulum protein, was

The experimental data in human

recently identified to have physical interaction with
IL-24. It is a critical initial mediator involved in
Ad.IL-24-induced ER ROS
caspases-3 activation, and calcium mobilization in

stress, production,
human lung cancer cells °"! (Fig. 3: J). Furthermore, SIR
have been identified to bind to BiP and regulated ER
stress, calcium mobilization, ROS and
production '’ which provides an explanation for how
IL-24 induces cell death without the need of cell-surface
receptors and why internalized 1L-24 has the function of

ceramide
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inducing apoptosis. Activated PERK by Ad.IL-24 results
in ROS production and the increase of intracellular
ceramide levels.

The increase of intracellular ceramide further facili-
tates calcium depend-generation of ROS production. Both
of them Ilead to the promotion of mitochondrial
dysfunction and cell death, which can be antagonized by
antioxidants and synergized by agents that induce ROS
production "%, Inhibition of ERK 1/2 and activation of
both JNK and nuclear factor kappa B (NF-xB) have been
demonstrated by ER stress induced by Ad.IL-24 [,
Activated PERK primarily focuses on inhibition of ERK
1/2 and activation of JNK, while activates IREla
contributes to activate NF-«kB by phosphorylating IKK
(Fig. 3: F-2, G-2). The activation of JNK and NF-kB,
combined with phosphorylation of elF2a, plays a
prominent role in upregulation of pro-apoptotic proteins
and downregulation of anti-apoptotic proteins, including
Bax, Bcl-2, TRAF2, FasL, Bcl-x1, TNF-a, GADDs, Mcl-1
and c-Flip 1>> 6]

The leakage of Ca®" from ER to mitochondria and
the release of cytochrome C from mitochondria to
cytoplasm are two significant events in mitochondria-
mediated apoptosis. The upregulated pro-apoptotic
proteins and downregulated anti-apoptotic proteins
mentioned above ultimately act on mitochondria. For
example, pro-apoptotic protein Bax and Bak aggregate on
mitochondria membrane to open the permeability
transition pore which provides the entrance of Ca>" and
the exit of cytochrome C "%
of Bax or ectopic expression of Bcl-2 inhibits the release

of Ca’" and ROS-mediated cell death in tumor cells but
[49]

! (Fig.3: K). Down- regulation

not in normal cells when cells are treated with Ad.IL-24
(Fig.3: K).

ROS can also upregulate pro-apoptotic protein Bak
and activate caspase-2/4 via phosphorylating JNK 4!
(Fig. 3: L). It is believed that cross talk between ER and
mitochondria co-operatively promotes the cell death ¢\
These results are unveiled with a new observation that ER
stress induced by Ad.IL-24 can be the common upstream
events and their subsequential downstream targets are p38
MAPK, JNK, NF-kB, ERK1/2, calcium mobilization, ROS,
and ceramide production. These proteins are up/
downregulated by the downstream targets function as
apoptosis executors.
2.6 Autophagy

It is evident that autophagy can be detected in the
process of cell apoptosis induced by both Ad.IL-24 and

recombinant IL-24 (%79, Moreover, Ad.IL-24 can switch

prostate cancer cells from autophagy to apoptosis by
inducing the expression of autophagy-related genes
Beclinl and calpain-mediated cleavage of the Atg5
protein "), Intracellular IL-24 can physically interact
with Beclinl, and this interaction might inhibit Beclinl
function and culminate in apoptosis ™.

As described above, ER stress induced by Ad.IL-24
can activate p38 MAPK and JNK as well as inhibit
ERK1/2. We speculate that it might be the activated
MAPK and the inhibited ERKI1/2 that
autophagy signal cascades, and the interaction between
IL-24 and Beclinl enhances the strength of signal and
makes it to be irreversible. And then autophagy is just

promote

one of the downstream signals of ER stress. However,
one study shows that IL-24 suppresses the chemokine
CXCL12/ CXCR4 axis, resulting in the inactivation of
CXCL12/ CXCR4-Akt-mTOR and the corresponding
activated autophagy %,

Previous reports also demonstrate that CXCL12/
CXCR4 induces G protein-coupled signal pathways,
such as phosphoinositide 3-kinase (PI3K)/AKT, Racl,
Rho, MAPK and activator protein-1(AP-1), which subse-
quently mediates cellular responses "' And pertussis
toxin treatment suppresses IL-24-induced migration,
implicating G-protein coupled receptors are relevant in
this process % These results suggest that IL-24 may
contribute to the known anti-cancer effects by activating
G-protein signal pathways, but more evidences are
required to indicate signal pathways cross talks induced
by Ad.IL-24 among CXCL12/CXCR4 pathway, G
protein-coupled signal pathways and ER stress.

2.7 Wnt/B-Catenin Pathway

There are also some literatures indicate that Ad.IL-24
can downregulate breast cancer stem cells self-renewal
capacity by suppressing Wnt/f-catenin pathway . GSK3p
is activated by Ad.IL-24 phosphorylate f-catenin at
Ser33/Ser37/Thr41, thus, promote ubiquitin-proteasome
degradation of f-catenin and downregulate Wnt/f-catenin
pathway (Fig. 3: M). Therefore, 1L-24 suppresses breast
cancer-initiating/stem cells’ self-renewal ability by
weakening Wnt/f-catenin pathway which is also detected
in malignant melanoma cells "% 73
duction of Ad. IL-24 increases the expression of proteins
that regulates Wnt/PI3K pathway, including tumor
suppressor proteins APC, GSK-34, PTEN and the
Frizzled receptor. While B-catenin, the target protein of
2] Negative regulation of
[- catenin and PI3K pathways is another process involved

I, Moreover, trans-

What, is downregulated !

in apoptosis induced by IL-24 in human breast, lung and
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(1) Melanoma cells
(5) Lung cancer cells
(9) Glioma cells

(2) Breast cancer cells
(6) Liver cancer cells
(10) Renal carcinoma cells

(3)Prostate cancer cells
(7) Ovarian cancer cells
(11) pancreatic cancer

(4)Hela cervical cancer cells
(8) Fibrosarcoma caner cells

Fig. 3 Schematic representation of the general signal pathway in mda-7/IL-24-induced apoptosis in cancer cells
Serial numbers from (1) to (10) represent various human cancer cells respectively, which show the corresponding pathways reported in

particular cells; A to M represent the signal pathways, the dotted lines represent translocation

pancreatic cancer cells *°). Experimental data also show
that JNK is the downstream of Wnt/PI3K because of the
upregulation of JNK1 and JNK2 in pancreatic tumor
cells transfected with Ad.IL-24 1,

3 Summary

Ad.IL-24 and IL-24 effectively induce apoptosis of
extensive tumor cells in relation to multiple signal
pathways, while the precise regulating mechanisms have
not been understood clearly. Even so, some clues can

also be summarized from these obtained data: ER stress
and MAPK activation induced by Ad.IL-24 should be the
primary upstream signals of apoptosis in cancer cells /">
As for cancer cell toxicity induced by Ad.IL-24 and
IL-24, the expression of multiple pro-apoptotic and
anti-apoptotic proteins enhance ER stress, mitochondrial
dysfunction, autophagy and ROS level, and finally
results in apoptosis of cancer cells. In addition, G-protein
and PKR signals are also involved in anti-cancer effects
induced by Ad.IL-24, however, researchers have not
focused on the cross talks among ER stress, MAPK
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pathway, PKR and G-protein cascade so far !> 3"+ 7]

Further studies are needed to identify the upstream
molecule mechanism for delineating the relevant signal
transduction pathways networks and regulation mechanisms
involved in Ad.IL-24 and IL-24-induced apoptosis. IL-24 is
shown to be a cell-type dependent apoptosis inducer which
is different from other pro-apoptosis proteins or chemical
molecules. The most confused characteristic of IL-24 is
related to dependency/independency on JAK/STAT signal
pathway and PKR activation. The apoptosis induced by
Ad.IL-24 and IL-24 proteins are not always dependent
on/relative to the activation of JAK/STAT3 732, Next, we
will discuss the possible reasons of cancer cells-specific
apoptosis induced by IL-24 from three aspects.
1) Inherent biochemical differences between normal and
cancer cells lead to different responses to 1L-24

Although the mechanisms of apoptosis induced by
Ad.IL-24 are gradually understood, the question why
IL-24 has the abilities to selectively induce apoptosis in
human cancer-derived cell lines without doing harm to
normal cells remains unresolved. Inherent biochemical
differences between normal and cancer cells could be a
possible reason for the disparate effects, such as
ceramide and pro-apoptosis/anti-apoptosis proteins. SIR
which interacts with IL-24 and has higher expression in
cancer cells has been identified to be a critically initial
mediator in Ad.IL-24-induced alternative apoptosis in
prostate cancer cell lines 57 while the same mechanism is
not proved in other tumor cells. Ad.IL-24 can also
indirectly mediate the expression of proteins by
regulating alternative splice of mRNA in cancer cells.
Clusterin, another interactional protein of IL-24, has
been classified into two protein isoforms, sCLU and
nCLU, because of alternative splice of mRNA. sCLU is
a pro-survival secreted protein mainly localized in the
cytoplasm, but nCLU is a pro-apoptotic protein mainly
localized in the nucleus in human cells 7*7* The
experimental data shows that Ad.IL-24 decreases
expression of sCLU but increases expression of nCLU
by affecting alternative splice of mRNA of CLU in
prostate cancer cell. By these regulations of mRNA,
Ad.IL-24 promotes G2/M phase arrest followed by
apoptosis |}
2) Cancer cells have insufficient environmental adaptive
ability

Another possible reason of cancer cell-specific
apoptosis induced by IL-24 is the differences in the ability
to maintain cell homeostasis and recovery from the
dyshomeostasis between normal and cancer cells. As a

result of adapting to the unfavorable microenvironments
with low pH, low oxygen, or other nutrient levels, cancer
cells evolve autophagy, UPR, ROS and anaerobic
respiration ©*". This adaptive capacity also makes tumor
cells easier to be disturbed and more difficult to recover
from dyshomeostasis. Autophagy could be induced by
Ad.IL-24 in prostate cancer cell . And IL-24 induces
apoptotic effect through ER
exclusively in cancer cells . ER stress activates both
pro-survival and pro-apoptotic signals, however, a very
strong or prolonged ER stress can overwhelm the
pro-survival mechanism and incline to apoptotic pathways.

stress mechanisms

Compared with normal cells, cancer cells have higher ER
stress levels which cause them more susceptible to ER
stress induced by IL-24 2],

3) IL-24 increases sensibility of cancer cells

ROS, a key mediator of IL-24 effects, have
differential effects on cancer cells versus normal cells.
Multiple studies demonstrate that the basal ROS level in
cancer cells is higher than that in normal cells " The
virus vectors also play a vital function in cancer-specific
apoptosis-inducing properties of 1L-24. As adeno-viruses
are known to primarily stimulate TLR2 and TLR9Y,
influenza A virus, similar to adenoviruses, probably
provides a starting stimulus, while IL-24 promotes an
additional stimulus to induce apoptosis by interfering the
atypical death complex P!, A cascade effect can lead to
activation of multiple apoptotic signals, thus enhance this
effect up to a point of irreversible commitment and cell
death. IL-24 decreases the presence of cFLIP in the
TLR3-associated complex containing TRIF, RIP1, FADD,
cFLIP and pro-caspase-8 and converts it into an atypical
TLR3-associated death-inducing signaling complex with
treatment with an influenza A virus vector expressing
IL-24 BY. Therefore, rather than acting as an apoptosis
inducer itself, IL-24 sensitizes cancer cells to both internal
and external stimuli. IL-24 combined with tumor-
suppressing drugs like tarceva and dacarbazine can
enhance the cancer cell death compared with respective
tumor-suppressing drugs %1,

However, a detailed analysis of the molecular
mechanism underlying this effect has not been performed.
Understanding these significant properties of IL-24 will
facilitate the development of rational combinatorial
approaches with potential to enhance therapeutic activity.
In addition, it is discovered that IL-24 protein generation
expressed with adenoviral vectors is low or absent in some
normal cells compared to cancer cells " ®l Highly
activated MEK1/2/ERK1/2 in normal cell lines results in
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“translational block”, which has been observed in mutant
K-ras pancreatic cancer cells under treatment with
Ad.IL-24 I but no investigation focuses its attention on

the kind of translational block in other cells.
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