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Abstract: Studies are emerging in support of the cancer stem cells (CSCs) theory which considers that a tiny subset
of cancer cells is exclusively responsible for the initiation and malignant behavior of a cancer. This cell population,
also termed CSCs, possesses the capacity both to self-renew, producing progeny that have the identical tumorigenic
potential, and to differentiate into the bulk of cancer cells, helping serve the formation of the tumor entities, which,
altogether, build the hierarchically organized structure of a cancer. In this review, we try to articulate the complicated
signaling pathways regulating the retention of the characteristics of pancreatic CSCs, and in the wake of which, we
seek to offer insights into the CSCs-relevant targeted therapeutics which are, in the meantime, confronted with bigger challenges than ever.
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Introduction
Pancreatic duct adenocarcinoma (PDAC), currently the fourth most frequent cause of cancer-related deaths, is responsible for an estimated number of 227,000 deaths each year.
Surgical resection is still the most effective
therapeutic method and takes the hope of the
curing this malignancy. However, at the time of
diagnosis, less than 20% of the patients with
PDAC are clinically amenable to surgical resection. Furthermore, most of patients inevitably
develop distant metastases and local recurrence even after radical resection, thus, the
overall survival rate of PDAC is dismally below
5% [1]. This could be explained in part by its
high resistance to chemotherapy, early metastasis and inclination to recurrence. Whereas,
little has the treatment strategies been
advanced and no significant improvement in
overcoming the chemo-resistant nature of pancreatic tumors has been achieved in the recent
decades, with gemcitabine still being the firstline chemotherapy drug. Thus, radical therapeutic strategies are needed for PDAC to
improve its prognosis. Presently, evidences
show CSCs have been investigated in emerging
studies as potentially valid candidates for therapeutic targets.

Cancer stem cells, as a specific cell type uniquely and identifiably existing in cancers, were first
identified in acute myelogenous leukemia [2, 3],
following by more validations in some solid cancers including pancreatic cancer. More recently,
evidence has emerged that suggests a crucial
role that cancer stem cells may play not only in
the initiation, but in the malignant nature of
various human tumors [4-7].
Pancreatic cancer stem cells were first explored
by Li and colleagues [8]. They successfully isolated a subset of cancer cells displaying a high
expression of CD24, CD44 and ESA (epitheliaspecific antigen) and bearing a highly carcinogenic potential from a successfully established
xenograft model in which immunodeficient mice
were implanted with primary human pancreatic
cancer cells. Afterwards, more studies have
sprung up shedding light on the mechanisms
controlling the survival, proliferation and invasion of this subpopulation of pancreatic cancer
cells, which will, without a doubt, illuminate our
way to develop novel therapeutics that may target the CSCs in pancreatic cancer, as opposed
to mainly targeting the more differentiated cancer cells when treated with chemodrugs or/and
radiation. This offers a more promising prosperity for completely curing human pancreatic
adenocarcinoma.

Pancreatic cancer stem cells
Surface markers for pancreatic CSCs
Cancer stem cells help lay the foundation and
further complete the constitution of the whole
architecture of cancer entity. An effective way,
thus, to single out this minute subpopulation
for better understanding is urgently needed.
Previous studies have offered several methods
and basic concepts concerning CSCs markers.
Dick et al, in 1997, first reported the identification of CSCs in myeloid leukemia by using cell
surface markers , and Al-Hajj et al initially found
it also appropriate to use such markers as
CD44, CD24, and epithelial-specific antigen
(ESA) to isolate CSCs from solid organ epithelial
cancer in breast [9]. They reported that the
CD44+CD24 -/low ESA+ cancer cells are CSC
candidates with a high tumor-initiating potential and cancer formation ability in immunecompromised mice. Fluorescence-activated
cell sorting (FACS) and human tumor xenograft
models in immune-deficient mice are methods
playing a crucial role in both studies above
and were later also recognized as valid to identify CSCs in pancreatic cancer. In seeking
to isolate CSCs from pancreatic cancer cells,
Lee and colleagues [9] demonstrated that the
CD44+CD24+ESA+ cells, which account for
0.2%-0.8% of all human pancreatic cancer cells
showed a 100-fold greater potential of tumorigenesis (100 triple positive cells were enough
to form new tumors in 6 of all 12 experimental
NOD/SCID mice) than the CD44 - CD24 -ESAcancer cells.
CD133 has been well characterized in the past
a few years in cancers of brain [10-12], colon
[13], lung [14], breast [15], and prostate [16].
Hermann et al [17] demonstrated that the
CD133+ cells (cytokeratin negative) isolated by
means of flow cytometry from patient-derived
pancreatic cancer tissues displayed high and
permanent carcinogenic potential. In this study,
500 CD133+ cells singled out and purified by
using magnetic bead sorting and flow cytometry were capable of initiating new tumors in
athymic mice (secondary tumor) from which
another 500 CD133+ cells were implanted into
secondary mice. In addition, CD133+ tumor
cells obtained from the secondary xenografts
were subsequently transplanted into third-generation mice. The serial passaging of CD133+
pancreatic cancer cells built up new tumors
where cytokeratin positive differentiated progeny cells and cytokeratin negative CD133+ cells
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were similarly detectable. Of interestsX, their
study also denoted the presence of a uniquely
specific subpopulation of CSCs, termed migrating CSCs, in the invasive front of human pancreatic cancer samples. These cells are not
only morphologically but also molecularly definable by the expression of CXCR4 receptor
which, together with its specific ligand SDF-1,
mediates the metastasis of pancreatic cancer.
However, a few findings in brain tumors exemplified a common problem concerning the cancer stem cell model. CD133+ tumor cells were
previously verified in brain tumors [18, 19] as
potent in distinguishing tumor initiating from
non-tumor initiating cells, but were questioned
by discoveries indicating that tumor initiating
capability was also conferred on CD133 - cancer cells in glioblastoma [18, 20, 21]. It remains
interesting to investigate whether these findings can be testified in pancreatic cancer.
Recently, a study by Bailey and colleagues [22]
found that the DCLK1 (a member of the microtubule regulator family) positive subpopulations
of cells collected from the KCPdx1, KPCPdx1,
and KCiMist1 mouse models of pancreatic
intraepithelial neoplasia (PanIN) bore a high
potential to generate tumors and resistance to
chemotherapy. Thus DCLKT1 could be used as
a cancer stem cell marker. These stem cell-like
cells were sorted out using such methods of
confocal and electron microscopy, lineage tracing, and fluorescence-activated cell sorting.
Their study, in some way, illuminated our way to
detect pancreatic cancer at PanIN stage and to
prevent the progression of PanIN, and offered
new targets for treatments. Additionally, there
are studies showing other CSC markers such as
the nestin [23, 24], aldehyde dehydrogenase
(ALDH-1) [23-26], ABCG2 and c-Met [24] pancreatic adenocarcinoma [25].
However, it still remains to answer whether
CD44+CD24+ESA+ and CD133+ pancreatic cancer cells represent distinct cancer stem cell
populations or whether even increased or
decreased CSC enrichment can be obtained by
selecting all 4 (or even more markers, ALDH-1,
etc.) markers. In each of these studies, CSCs
were identified by a set of specific criteria in
order to demonstrate their role in tumor initiation and progression. Whereas, interestingly,
studies showed that the CD44+CD24+ESA+ subpopulation obviously overlapped with the
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Hedgehog
Hedgehog signaling, a crucial
pathway for embryonic development, the dysregulation of
which has been implicated in
several forms of cancer, may
also be of great significance in
human pancreatic carcinoma
[34].
Three Hedgehog (Hh) ligand
proteins exist (Sonic, Indian,
and Desert Hh), which are
recognized and bound by
Patched (Ptch1 and 2, cell surface receptors). Here is the
way Hedgehog signaling is
activated (Figure 1): Binding
of Hh to Ptch halts the reFigure 1. Hedgehog signaling. When engaged with Hedgehog protein, the
Ptch receptor loses its repression of the Smo and then disassembles the
pression of its trans-memcomplex composed of Fused, SUFU and Glis. The detailed mechanism rebrane protein Smoothened
mains to be elucidated. The separated Glis travel into the nucleus, initiating
(Smo), which ultimately initithe expression of target genes.
ates nuclear translocation and
activation of the Gli family
+
CD133 population. Cancer stem cells were
(transcription factors, Gli1,2,3). Lee and colleagues [7], together with other studies, also
reported to be characterized by alterations in
found that the expression of SHH transcripts in
the frequency and distribution of cells with
CD44+CD24+ESA+ pancreatic cancer cells was
stem-cell like and more differentiated cell fea46-fold more significantly increased compared
tures among different cancer subtypes and
that in CD44- CD24 -ESA- pancreatic cancer cells
patients and tumor progression stages [27]. In
or normal pancreatic epithelial cells, which
other words, there may be different markers in
means in other words that pancreatic cancer
the different stages of CSCs’ differentiation
stem cells bear a higher SHH activity.
into tumor cells. So, CSCs may have their own
heterogeneity, which, if proved true, will defiIn seeking to explain the indispensability of
nitely apply more pressure on researchers
Hedgehog signaling for pancreatic cancer stem
endeavoring to develop therapeutic agents tarcell renewal, Sarah and colleagues investigated
geting CSC markers.
the role of the sonic hedgehog, a secreted
hedgehog ligand abnormally expressed, in the
Self-renewal pathways in pancreatic cancer
initiation of pancreatic cancer and its cancer
stem cells
precursor lesions: pancreatic intraepithelial
Analysis of the complicated signaling pathway
neoplasia (PanIN) [34]. They reported the overnetworks from normal stem cells serves as
expression of Ptch1 and Smo protein in transwell-established models, paving the way for the
genic mice models in which Shh misexpression
elucidation of CSC signaling systems. Signaling
was driven by the pancreatic-specific Pdx-1 propathways, including Notch, Wnt, PTEN, SHH
moter. And they further verified the function of
(Sonic hedgehog), BMP-4, and BMI-1, have
misregulation of Hh signaling in human pancrealready been verified in cancers from solid
atic cancer by using cyclopamine, a Smo antagorgans [7, 28-31]. Phosphoinositide-3 kinase
onist, in cell lines collected either from primary
(PI3K)/Akt signaling has been implicated in the
tumors (the Panc series Panc 01.28 to 10.05)
regulation of diverse cellular functions, includor from metastases in liver (CFPAC1), lymph
node (Hs 766T) and spleen (SW 1990), (all of
ing cell proliferation, growth, survival, migrawhich were tested to express at least two comtion, metabolism, angiogenesis, and tumoriponents of the Hh signaling pathway system) all
genesis [32, 33].
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Figure 2. The activation of canonical (Wnt–β-catenin) pathway. A. In the absence of Wnt β-catenin is conventional
phosphorylated by kinases CKI and GSK3 which are components of the destruction complex also consisting of APC
and Axin. The β-catenin is subsequently degraded into pieces with no expression of Wnt target genes. B. The binding of Wnt to its receptors Lrp5/6 and Frizzled disintegrates the destruction complex. The interaction of APC and
Axin or Dsh through an unknown mechanism puts a halt to the phosphorylation of β-catenins which are therefore
accumulated in the cytoplasm and are then translocated into the nucleus and bind to Tcf/Lef, causing the expression of target genes.

of which are induced to apoptosis compared
with no effect in the control.
The Wnt pathway
Wnt proteins are capable of activating at least
three pathways, the canonical (Wnt–β-catenin),
the planar cell polarity (PCP; also known as
non-canonical) and the Wnt-Ca2+ pathways.
And they were explained elsewhere [35]. Here,
we discuss the initiation of the canonical pathway which was testified to be aberrantly activated in pancreatic cancer [36]. In the absence
of Wnt ligands, the downstream intracellular
protein β-catenins are phosphorylated at sites
of Ser and Thr residues of amino terminus by
CKI and GSK3, kinases attaching to the
destruction complex that consists of APC (the
tumour suppressors adenomatous polyposis
coli) and axin, and that functions as a disintegrator of β-catenin. While as soon as the Wnt
receptor complex (composed of a seven-trans897

membrane receptor of the Frizzled family and
Lrp5/6, a member of the LDL receptor family)
are occupied by Wnt ligands, the interaction of
axin and APC or/and the axin-binding molecule
Dishevelled will repress the phosphorylation
process of the β-catenin, as a result of which,
β-catenins are accumulated which then will
translocate into the nucleus and combine with
the amino terminus of DBPC (Tcf/Lef family)
resulting in the aberrant activation of target
genes and ultimately the generation of cancers
(Figure 2 [37]).
An important role of Wnt signaling in maintaining the tumorigenesis, resistance to therapy of
pancreatic cancer has also been verified in
numerous studies [36, 38, 39]. And many have
devoted themselves to the development of new
targets in Wnt signaling for novel therapeutics.
The inhibition effect of the secreted Frizzledrelated proteins (SFRPs), for instance, were
substantiated recently in a study [40]. WIFs
Am J Cancer Res 2015;5(3):894-906
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notch receptor engaged with
membrane-associated ligands
from the cell membrane into
the nucleus, where the receptor complexes with the
transcriptional repressor CSL
(RBP-Jκ) and co-activators,
and then initiate the transcription of such target genes as
Hey and Hes families of transcriptional repressors (Figure
3 [42]).

Figure 3. Schematic of Notch signaling. The activation of the Notch signaling
is initiated by the bind of Notch receptors to their ligands sent out from the
neighboring cell. The Notch-ligand interaction then trigger the enzymolysis of
ADAM and γ-secretase to Notch receptors which afterward go through three
times of cleaves that make NICD separated from the Notch complex. Finally,
the NICD is translocated into the nucleus where it binds to CSL (transcription
repressor) and co-activator (MAML1) and initiate the expression of target
genes such Hey and Hes family.

(Wnt inhibitory factors) inhibiting Wnt ligands
were also proved as effective to attenuate the
proliferation of several types of cancers [41].
The Notch pathway
Also intensively investigated is the Notch pathway whose role of inducing the EMT and initiate
several solid cancers, including pancreatic cancer has been verified, and potential to be therapeutic targets in CSCs has gained support and
applause from many researchers.
Notch signaling is highly conserved in human
beings that functions as a regulator of intercellular communication and a determinant of cell
fate through the cell-cell interaction. There are
four membrane Notch receptor proteins
(Notch1–4) and 5 canonical transmembrane
ligands (Delta family, DII-1, Dll-3, Dll-4, Jagged1
and Jagged2). The receptor–ligand interaction
induces proteolytic cleavages of Notch receptors, which finally translocate the mature
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Researchers in the recent a
few years summarized the
involvement of Notch signaling in myeloid malignancies as
a tumor suppressor or an
oncogene, indicating the tissue type dependent feature
of the Notch signaling [43-45].
Whereas, few studies are
currently available to explain
the exact mechanisms concerning the activation of different pathways and the complicated interaction among
them, based on which, novel
and effective targeting strategies may be developed and
bring about a hopeful promise
for patients.

However, one of the major challenges in eliminating CSCs by targeting one or all of the above
self-renewal pathways is the involvement of distinct signaling pathways in the crosstalk
between the complicated networking pathways. A study has found that PI3K/AKT (phosphoinositide 3-kinase inhibitor/protein kinase
B) pathway was key to regulate the Hh signaling
pathway by blocking the degradation of the
main components of Hh signaling, and the
blockade of PI3K/AKT was effective to sensitize the breast cancer to tamoxifen treatment
[46]. Future studies should focus more on the
clarification of different signaling pathways and
the complex relationships between them, thus
to construct the basis for combination therapies in cancers.
Pancreatic CSCs and tumor metastasis
Hermann and colleagues [17] has identified
two distinct subsets of CSCs in pancreatic cancer: the quiescent and migrating CSCs, the latAm J Cancer Res 2015;5(3):894-906
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ter has been proven to be in existence by the
obviously detectable expression of CXCR4, a
chemokine receptor for the ligand SDF-1 (stromal derived factor-1), a well characterized
mediator of cell migration. Hermann et al
reported that CXCR4 was coexpressed in
CD133+ pancreatic CSCs and that CD133+
CXCR4- and CD133+CXCR4+ cells were both
capable of forming primary tumors, but only
CD133+ cells with the expression of CXCR4+
were endowed the ability to metastasize.
Notably, what has caught so much attention in
their study was that the CXCR4 inhibition prevented metastasis in established tumor models [17]. These findings may be therapeutically
hopeful when scheming drug agents to inhibit
metastasis of CSCs.
Whereas, for CSCs in a static biological state to
acquire the metastatic and chemotherapyresistant phenotype, an EMT (epithelial-to-mesenchymal transition) process, in which epithelial cells lose their owned traits such as cell
polarity and adhesion between cells and
assume a mesenchymal cell phenotype [47]
bearing properties including migration and
invasion abilities that are crucial for cancer
genesis and progression, is of the essence. The
transition of epithelial to mesenchymal was
thought to be regulated by many factors and
proteins such as TGF-beta [48-51], Id protein
[47], Smad4 [52], mi-RNA [53], ZEB-1 [53] and
mTORC [54] et al.
Numerous genes (Bmi1, BMP4, BST2, BTG1,
FOLR1, FoxQ1, PRKAR1A, Sox4, TACSTD2, and
Wnt3a), in a research paper by Bao et al [55]
were reported to be differentially expressed in
CSCs (marked by CD44+/CD133+/EpCAM+)
which were isolated from human pancreatic
cancer cells (MiaPaCa-2 and L3.6pl cells) by
using FACS method. One of these genes is
FoxQ1, a member of the forkhead transcription
factor family known to be critically involved in
the regulation of gene expression during different biological processes such as early development, metabolism, and immune function, the
inhibition of which was found to attenuate the
invasiveness, renewal ability, and growth potential of CSCs. This study suggested that FoxQ1
was crucial in the regulation of CSC phenotypes
and functions and that the over-expression of
FoxQ1 was mediated by TGF-β which might lead
to the EMT process.
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Epithelial-mesenchymal transition (EMT) is a
phenotypic changing process in which epithelial cells lose cell-cell and cell-extracellular
matrix contacts and then migrate to distant
sites. Once these mesenchymal cells reach a
site, they can undergo a mesenchymal-epithelial transition (MET) process. The EMT process
functions necessarily in the embryonic development by differentiating into different tissues,
facilitating the morphological formation of various organs and regenerating tissues after injury. The induction of EMT can be triggered by
many factors ranging from cytokines including
TGF-β, and types of transcription factors such
as Twist [56-58], Snail [59-61], Slug [62, 63]
and KLF8 [64-66], to various signaling pathways encompassing the ones we have discussed above, and certain exogenous drug
agents will be discussed below.
Unfortunately, there is an increasingly accepted consensus suggesting that the inappropriate activation of the EMT processes contributes in part to the increased invasive and
metastatic potential of various tumors [67-74].
There are also evidences exist associating the
EMT process with the origin of CSCs and considering EMT as a precondition for cancer
metastasis. Based on this, many researchers
are striving to develop EMT as a target for cancer treatment [49, 51, 69, 70]. resveratrol on
human lung cancer, Wang H et al [75] found
that resveratrol (trans-3,4,5 trihydroxy stilbene,
found in several plants) was effective to
increase the expression of epithelial phenotype
marker E-cadherin and to downregulate the
mesenchymal marker Fibronectin and Vimentin,
which led them to conclude that the resveratrol
could be used as an inhibitor of TGF-β1-induced
EMT, in that it triggered the process of MET
reversal in in virto conditions with A549 lung
cancer cells whose invasiveness and metastasis were largely reduced [75]. Salinomycin was
identified in breast cancer model by Gupta and
colleagues to show selective toxicity for epithelial CSCs with a much more efficacy than paclitaxel, a common chemotherapeutic agent used
in breast cancers [76], and was later found
therapeutically promising in pancreatic cancer
[77, 78].
Marko and colleagues [79] showed that Id
expression rendered breast cancer cells a
stem-like phenotype with the epithelial proper-
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ties retained. And Id1’s role in inducing MET in
lung colonization was only taken in cells who
had already taken the EMT switch. Additionally,
they revealed that the knockdown of Id1 in
migrating cells initiated the inhibition of MET
and the reduction of lung colonization.
MicroRNAs (miRNAs), small non-coding RNAs
whose critical roles have been confirmed in
development, have also emerged as significant
regulators of CSCs in types of malignancies
and have been substantiated as inspiring
potential targets for cancer therapy [72, 80-85].
Downregulated expression of micro-RNA494
(miR494) mediated by the loss of SMAD4, as
demonstrated in a recent study, was correlated
to the enhanced level of FoxM1 and the
increased activity of beta-catenin signaling in
pancreatic cancer cells [86]. Li and colleagues
further verified that the transgenic expression
of MIR494 in PDAC cells, the leveled-up expression of FOXM1 or the inhibited nuclear translocation of beta-catenin similarly reduced cell
proliferation, migration, and invasion and
increased their sensitivity to gemcitabine,
which finally brought them the conclusion that
reduced expression of miR494 correlated with
pancreatic cancer metastasis and the shortened survival period of patients and that the
miR494 might serve as a prognostic marker for
patients with pancreatic carcinoma [86]. It has
also been observed that miR200 miRNAs and
miR205 are obviously downregulated in cancer
cell experiencing EMT and in metastatic breast
cancer samples [87, 88]. Here we dare propose
that miRNAs could offer clues for bettered targeting strategies aiming for CSCs in pancreatic
adenocarcinoma.
Pancreatic CSCs and resistance to therapy
One of the major reasons leading to an extremely dismal prognosis for patients with pancreatic
cancer is the resistance of CSCs to current chemo-radiation therapy, and the mechanism
involved still remains to be elucidated.
Todaro and colleagues [89] demonstrated that
CD133+ colon CSCs were rendered resistant to
oxiplatin and fluorouracil, which was mediated
by the expression of IL-4 in the CD133+ colon
CSCs. IL-4 receptor antagonist or anti-IL-4 neutralizing antibody were found to attenuate the
chemotherapy tolerance and to bring about
more promising outcomes for other types of
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human cancers. And interestingly, some other
studies suggest that aberrantly activated developmental pathways may contribute to CSCs’
resistance to chemotherapy and radiation. For
example, Wnt/-catenin signaling has been
reported to result in increased tolerance of
DNA damage, rendering CSCs resistant to radiation [90, 91]. And Notch pathway has been
implicated in the failure of cancers in breast,
pancreas to response with high efficacy to
chemo- and radiation therapy [30, 92, 93]. In
addition, TGF-beta pathway was found to play a
role in the metastasis of breast cancer by David
and colleagues [50]. However, as observed in
their study, TGF-beta has a complicated role in
cancer progression: TGF-beta was able to
either act as a cancer suppressor or promoter
depending on cancer type and stage in process
of cancer progression. According to Wang et al
[94] in a recent published study, ATDC (AtaxiaTelangiectasia Group D Associated gene) was
over-expressed in human pancreatic cancer
and was able to contribute to the radio-resistant phenotype of pancreatic cancer. In a word,
CSCs are the core of chemotherapy and radiotherapy resistance, which is the root of recurrence; it thus should be effectively targeted to
eliminate cancer.
CSCs and circulating cancer cells
Many have accepted the assertion that circulating tumor cells in peripheral blood are, much
alike to those residing in cancer tissues, heterogeneous and capable of initiating new cancers which are also hierarchically organized.
But the number of the circulating cancer cells is
very small even in metastatic cancers and it’s
nearly undetectable in normal humans. In the
interest of verifying the potential predictive
value of these rare circulating cancer cells, also
termed circulating tumor cells or isolated tumor
cells (CTCs or ITCs), in prejudging the prognosis
of intractable metastatic malignancies, investigators of generations have been striving to
accelerate the technological and theoretical
progress of people’s knowledge to CTCs, the
detection and enumeration of which were
assumed as novel indicators monitoring the
response to anti-cancer therapeutics of various
types of cancers [95-97]. Main methods that
are currently available for the detection of CTCs
in the blood of patients are CellSearch technology and AdnaTest BreastCancer Select/Detect.
Both are dependent on EpCAM-positive cancer
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cells captured in peripheral blood [98]. As we
discussed in this review, the phenotypic shift
EMT endows a CSC with the migrating phenotype and then to initiate metastasis, which also
implies whether or not CSCs could become
migrating or circulating CSCs is depended on
the specific expression pattern of chemokine
receptors, adhesion molecules on these cells
and certain stimuli from the CSC niche. And it
still remains unclear whether the EpCAMnegative CTCs also contain populations of
migrating CSCs that evade the detection by the
CellSearch and that can also initiate metastasis. Current studies can only identify CTCs from
a EpCAM level with an quite low efficiency.
Xenograft assays, therefore, was suggested as
a hopeful method for characterizing CTCs [99].
However, it was also noted that this is highly
challenging to realize because of the extremely
small number of CTCs and the metastasis initiating CSCs that can be obtained directly from
patients with metastatic cancer.
CSCs-targeted treatments in pancreatic cancer
The competence of CSCs to evade the traditional chemotherapy agents often results in the
recurrence of cancer. Thus CSCs-specified therapeutic tactics are urgently needed for potential complete eradication of such cancers as
human pancreatic cancer. Therapeutics targeting CSC-related signaling pathways and EMT
process have already been investigated in
emerging studies [28, 100-103]. Numerous indepth studies still remain desperately necessary to determine which targets are best to kill
CSCs in pancreatic cancer without assassinating the normal stem cells and to be developed
as efficient drugs for future clinical usage. Stem
cell surface markers such as CD44, CD133,
ESA, CD24 et al were identified to have a high
level of expression in human pancreatic carcinoma CSCs compared to the rest of the cancer
cells. We assume that CSCs cell surface molecules-targeted treatments might provide an
effective avoidance of harming the normal
stem cells and leaving out CSC subpopulations.
CD44, for example, was used as a therapeutic
target in the treatment aiming for fully eliminating human hematological malignancies [104].
We speculate that there may be markers that
are exclusively expressed in CSCs which are
uniquely specific and highly distinguishable,
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and such markers are perfect candidates for
targeted strategies and are what we ultimately
expect to find. But as we get to know more
about the pathophysiological traits of CSCs, we
find ourselves confronted with a more challenging task. Pancreatic cancer stem cells may
have many genetic or epigenetic types. So, if a
treatment project is effective to one type of
pancreatic cancer stem cells, it may be ineffective to another. Furthermore, the CSCs plasticity is an obstacle for targeted therapy, such as
interconversion between cancer stem and nonstem phenotypes, in this case, existing CSCs
are killed but newly produced CSC populations
through activators from the tumor microenvironment or EMT are regenerating cancer tissues. We propose that novel design of CSCstargeting agents should take into account the
exact controlling mechanisms of the formation
and maintenance of the equilibrium between
cancer stem cells and non-stem cells.
Conclusions
As evidenced in emerging studies, a subpopulation of cells that locate within a hierarchically
organized structure of a cancer and that are
functionally termed as CSCs is exclusively
responsible for the initiation, recurrence,
metastasis and resistance to current therapies
that fail to effectually target CSCs. This failure
causes a much shortened median survival period for patients, which is true with pancreatic
cancer. Present data has given a clue for developing therapeutics targeting CSCs by taking
advantage of their controlling signaling pathways and specific expression of certain surface
markers such as CD44, CD133 in human pancreatic cancer. Besides, mountains of genes
and molecules such as miRNA200 and
miRNA34 family members have been verified
to be interwound with the regulatory networks
of CSCs in pancreatic carcinoma and investigated as potential targets for helping eradicating CSCs.
Therefore, a bettered understanding of the
mechanisms involved in malignant behaviors
of CSCs brings with a great promise for future exploitation of new curative approaches to
life-threatening pancreatic adenocarcinoma,
although it is without a doubt that there are
challenges and difficulties still remaining to be
overcome. Now that basic concepts and char-
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acteristics, identification and isolation of pancreatic cancer stem cells have been extensively
and thoroughly investigated, new methods will
be springing up to serve this end with the
efforts of the whole world. All fundamental
researches funded by various organizations
should be designed to offer new and better
approaches to eradicate human pancreatic
cancer. We expect there will be a breakthrough
in therapeutic agents targeting not only the
existing CSCs but also the non-CSCs.
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