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Abstract
Pancreatic cancer is one of the most aggressive and 
lethal malignancies. Despite remarkable progress in 
understanding pancreatic carcinogenesis at the molec-
ular level, as well as progress in new therapeutic ap-
proaches, pancreatic cancer remains a disease with a 
dismal prognosis. Among the mechanisms responsible 
for drug resistance, the most relevant are changes in 
individual genes or signaling pathways and the pres-
ence of highly resistant cancer stem cells (CSCs). In 

pancreatic cancer, CSCs represent 0.2%-0.8% of pan-
creatic cancer cells and are considered to be respon-
sible for tumor growth, invasion, metastasis and recur-
rence. CSCs have been extensively studied as of late 
to identify specific surface markers to ensure reliable 
sorting and for signaling pathways identified to play a 
pivotal role in CSC self-renewal. Involvement of CSCs 
in pancreatic cancer pathogenesis has also highlighted 
these cells as the preferential targets for therapy. The 
present review is an update of the results in two main 
fields of research in pancreatic cancer, pathogenesis 
and therapy, focused on the narrow perspective of 
CSCs.
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Core tip: Pancreatic cancer is one of the most aggres-
sive and lethal malignancies, despite remarkable prog-
ress in understanding pancreatic carcinogenesis and 
new therapeutic approaches. The presence of highly 
resistant cancer stem cells (CSCs) and the changes 
in their signaling pathways lead to drug resistance in 
pancreatic cancer. CSCs are considered responsible for 
tumor growth, invasion, metastasis and recurrence. 
CSC involvement in pancreatic cancer pathogenesis 
has also highlighted them as preferential targets for 
therapy. This review is an update of the results in two 
main fields of research in pancreatic cancer, pathogen-
esis and therapy, focused on the narrow perspective of 
CSCs.
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INTRODUCTION
Pancreatic cancer is one of  the most aggressive and lethal 
malignancies. Despite remarkable progress in under-
standing pancreatic carcinogenesis at the molecular level 
as the identification of  new therapeutic approaches, 
pancreatic cancer remains a disease with a dismal prog-
nosis; the five-year survival rate is approximately 5%[1]. 
Although several histological subtypes of  pancreatic 
cancer have been described, the most common form is 
pancreatic ductal adenocarcinoma. According to data 
published by the International Agency for Research on 
Cancer, pancreatic cancer death is the eighth or ninth 
most frequent cause of  cancer death worldwide and is 
the fourth or fifth most common cause of  cancer death 
in developed countries[2,3].

The main risk factors for pancreatic cancer include 
increasing age, smoking[4], chronic pancreatitis, diabe-
tes mellitus, metabolic syndrome, low levels of  serum 
vitamin D, family history of  pancreatic cancer and rare 
inherited genetic conditions such as Peutz-Jeghers syn-
drome, familial melanoma and hereditary pancreatitis[5]. 
Age is a significant risk factor; the median age at diag-
nosis is 72 years. Pancreatic tumors are rarely diagnosed 
before the age of  50, and such cases are very likely to 
be associated with underlying predisposing genetic dis-
orders. Approximately 5%-10% of  pancreatic cancer 
patients report a family history of  pancreatic cancer. The 
genes responsible for a minority of  the familial cluster-
ing of  pancreatic cancer have been identified, including 
STK11, CDKN2A, PRSS1, BRCA2 and PALB2[1,6].

The high mortality rate of  pancreatic cancer is due 
to difficulty in early diagnosis[7,8] and its notorious resis-
tance to chemotherapy and radiation[9]. Lack of  clinical 
symptoms in early stages leads to delay in tumor detec-
tion; thus, approximately 80% of  patients with pancre-
atic cancer have metastatic disease at the moment of  
diagnosis[10]. Existing systemic therapies for advanced 
disease are far from effective, and the median survival 
for patients with metastatic disease remains 6 mo. Sur-
gery offers a better prognosis of  a cure, but even those 
patients who undergo resection and receive adjuvant 
therapy have a median survival of  12-22 mo and a 5-year 
survival of  20%-25%[2,11].

Chemoresistance is a critical issue in pancreatic can-
cer. Among mechanisms responsible for drug resistance, 
the most relevant are changes in individual genes or sig-
naling pathways, the influence exerted by tumor micro-
environment (desmoplastic reaction) and the presence 
of  highly resistant cancer stem cells (CSCs)[9]. The no-
tion of  CSCs has gained prominence, and several identi-
fied molecules and signaling pathways are relevant for 

the diagnosis and therapy of  cancer. The paradigm of  
cancer-initiating stem cells has initially been developed 
with respect to blood cancers, where chronic conditions 
such as myeloproliferative neoplasms are due to muta-
tions acquired in hematopoietic stem cells[12].

CANCER STEM CELLS IN PANCREATIC 
CANCER PATHOGENESIS
Cancer stem cells involvement in tumorigenesis
Pancreatic cancer (especially pancreatic ductal adeno-
carcinoma) is an aggressive malignancy, with one of  the 
worst prognoses among solid tumors. Pancreatic cancer 
is typically diagnosed in late stages, when most patients 
are inoperable and when curable treatment is not avail-
able. Current therapies (radio- and chemotherapy) may 
improve prognosis and reduce tumor size but cannot 
target all pancreatic cancer cells[13,14].

Cancer stem cells, identified in a large number of  hu-
man malignancies, represent 0.2%-0.8% of  pancreatic 
cancer cells and are considered responsible for tumor 
growth, invasion, metastasis and recurrence[15]. Cur-
rently, there are two models that explain tumor develop-
ment[16-18]. The stochastic model states that every cancer 
cell has the ability to initiate and promote tumoral 
growth. The other model, the “cancer stem cell hypoth-
esis”, proposes that tumor evolution is based on stem 
cells with a ‘deregulated’ self-renewal pathway. A recent 
and rapidly growing body of  research shows solid evi-
dence in support of  the cancer stem cell model against 
the stochastic model[19,20]. The American Association for 
Cancer Research defines CSCs as cells within a tumor 
that have the capacity to generate the heterogeneous 
cancer cell lineages found in the tumor and that pos-
sesses the capacity to self-renew. CSCs also share other 
several important attributes: active telomerase expres-
sion, drug resistance to harming agents, the activation 
of  antiapoptotic pathways, the ability to migrate and to 
metastasize and increased membrane transporter activity. 
To date, CSCs have been isolated and characterized only 
from a relatively small number of  tumor types: breast, 
brain, pancreas, colon, blood and head and neck[21,22]. 
Several studies argue that cancer stem cells cannot be 
eradicated by current therapy and thus are responsible 
for tumor relapse and metastasis[23]. Many studies have 
demonstrated that multiple critical genes, including 
K-ras, p53 and p16, and key signaling kinases, such as 
PI-3K, mTOR, NF-κB, epidermal growth factor recep-
tor (EGFR) and SHH, play important roles in pancreatic 
tumorigenesis[24].

Pancreatic cancer stem cells markers
Several pancreatic cancer stem cell (PCSC) subpopula-
tions have been isolated using flow cytometry and com-
binations of  positive and/or negative membrane surface 
markers[25-29]. Historically, research on stem cells and 
cancer stem cells from the hematopoietic system began 
long before studies in other tissues. As a result, several 
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markers identified in hematopoietic malignancies, such 
as cluster of  differentiation (CDs), were also proposed 
as potential PCSCs markers. Li et al[30] were the first to 
identify a population of  PCSCs using CD44, CD24 and 
ESA as separation markers. The cell fraction with the 
CD44+/CD24+/ESA+ phenotype exhibits several im-
portant cancer stem cell characteristics, including a minor 
population of  cells (between 0.2% and 0.8%) that has 
the potential to form tumors in half  of  the mice used 
for transplantation. In vitro studies lend further support 
to arguments for the use of  CD44 and CD24 as cancer 
stem cell markers. CD44+/CD24- cells isolated from 
PANC-1, a pancreatic adenocarcinoma cell line, exhibit 
a much higher tumorigenic potential than cellular sub-
populations not expressing the markers[31]. Prominin-1 
or CD133 is another important marker used for isolating 
PCSCs. Hermann et al[32] demonstrated that CD133+ 
cells form more tumors than CD133- populations. An-
other important finding of  the study is that cells positive 
for CD133 and for CXCR4 exhibit a higher metastatic 
potential than other populations from the same tumors, 
supporting the observation that CXCR4 may be involved 
in tumor invasion and metastasis. A recent study pro-
vided further evidence for the role of  CXCR4 in pancre-
atic cancer, demonstrating that human pancreatic ductal 
adenocarcinomas contain a side population of  cells with 
CSC properties and high expression levels of  CXCR4 
and ABCB1[33]. Moreover, these genes correlate with 
poor patient survival rates. c-Met is a hepatocyte tyrosine 
kinase growth factor upregulated by CD44[34]. C-Met was 
also shown to be a PCSC marker[35,36]. Interestingly, cells 
expressing c-Met have the same tumor-forming potential 
as CD44+/CD24+/ESA+. Furthermore, CD133+/
c-Met-high are less tumorigenic than CD44+/c-Met-
high[35]. Aldehyde dehydrogenase 1 is another marker ex-
pressed by cancer stem cells. Studies report that ALDH1 
can identify PCSCs and protect the tumor pancreatic 
cells from programmed cell death induced by radiothera-
py[35,37]. Other studies demonstrate that pancreatic cancer 
stem cells are characterized by genetic and epigenetic 
alterations associated with carcinogenesis and can form 
xenograft tumors in immunodeficient mice[38,39].

Limitations of  the current methods for isolating can-
cer stem cells from pancreatic cancer include the lack of  
specific PCSC markers and the needed to understand the 
molecular mechanisms that regulate the specific biologi-
cal properties of  PCSCs.

Another important line of  research focuses on bio-
markers that regulate PCSC properties and behavior[40]. 
Thus, nestin can modulate important characteristics of  
PCSCs, such as invasion or metastasis, and may repre-
sent a viable target for anticancer therapy. A recent study 
Lu et al[41] reported that Oct 4 and Nanog play important 
roles in pancreatic cancer by regulating PCSC behav-
ior and suggested that these molecules may represent 
prognosis markers. Both CD44+/CD24+/ESA+ and 
pancreatic tumor CD133+ subpopulations are charac-
terized by the overexpression of  Nanog, Oct4, Notch1, 

MDR1 and ABCG2 and are capable of  metastasizing 
to distant sites, such as the liver[33,42]. Moreover, inhibit-
ing their expression impairs PCSC characteristics. Other 
reports demonstrate that markers such as DCLK1 can 
discriminate between normal and tumoral stem cells 
and that knockdown of  DCLK1 decreases molecular 
pathways that control pancreatic tumorigenesis. Another 
important regulator of  stem-like characteristics in PC-
SCs is SOX2, which controls cellular proliferation and 
differentiation[43]. C-kit with KRAS were also proven to 
modulate the progression of  pancreatic adenocarcinoma, 
supporting the assumption that the use of  drugs that 
downregulate the activity of  these markers can improve 
the prognostic of  the disease[44].

One of  the main causes of  high mortality in this pa-
thology is the resistance to chemotherapy, which is also 
believed to be mediated by cancer stem cells within the 
tumor mass[45,46]. In 2013, Lu et al[41] demonstrated that 
in the pancreatic cancer cell line PANC-1, the highly ex-
pressed stem cell markers Oct4 and Nanog are associated 
with chemoresistance, proliferation, migration, invasion, 
and tumorigenesis in vitro and in vivo. This study also indi-
cated the potential use of  these two transcription factors 
as prognostic markers and targeted therapies in pancre-
atic cancer. Another study in a murine model reported 
that the ALDH+ and CD44+CD24+ cell populations 
are resistant to treatment with gemcitabine, one of  the 
main chemotherapeutic agents[47].

Shah et al[48] has developed a gemcitabine-resistant 
cell line that exhibits higher expression of  the pancreatic 
CSC markers CD44, CD24, and c-Met, which are also 
associated with epithelial-mesenchymal transition (EMT).

Aldehyde dehydrogenase (ALDH), considered to be 
a marker for cancer stem cells, is a detoxification enzyme 
with increased activity in many cancer types where its 
presence has been associated with decreased survival[49]. 
An in vitro study revealed that ALDH expression is cor-
related with the invasiveness of  pancreatic cancer cell 
lines and that patients with ALDH-positive tumors have 
poor prognosis[49].

It is unclear what the initial molecular events under-
lying the conversion of  tissue stem cells to cancer stem 
cells in pancreatic cancer; some studies suggest that 
appearance of  c-kit and KRAS mutations might be the 
primary events in the initial stages of  this disease and 
have proposed c-kit as a potential therapeutic target[44]. 
Almost all pancreatic cancers are characterized by acti-
vating mutations in KRAS and the loss of  p16INK4A, 
but these cancers are also characterized by mutations in 
the tumor suppressors SMAD4 and p53. More studies 
suggest the involvement of  these genetic alterations in 
the development of  cancer stem cell properties and sur-
face marker profiles.

Another theory suggests that EMT is responsible for 
the appearance of  cells with stem cell-like properties that 
are characterized by the activation of  many pathways 
involved in EMT[27]. EMT is a crucial process for tumor 
progression, involving the transformation of  epithelial 
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characteristics into mesenchymal characteristics, which 
subsequently allow cancer cells to disseminate from the 
tumor mass[50].

Signaling pathways involved in pancreatic cancer stem 
cells
Several signaling pathways are altered in CSCs and EMT-
like cells in pancreatic cancer: Hedgehog, Notch, Wnt, 
AKT and NF-κB (Figure 1). Hedgehog, Notch and Wnt 
have been shown to be of  particular importance in pan-
creatic cancer stem cells, due to their role in pancreatic 

embryonic development and differentiation[51]. These sig-
naling pathways play important roles in the self-renewal 
of  CSCs, tumor growth, invasion, metastasis and resis-
tance to therapy[27]. MiRNAs were recently considered to 
play a role in the regulation of  CSCs[15].

Notch signaling is involved in cell proliferation, sur-
vival, apoptosis and the differentiation of  pancreatic 
cells and can promote EMT by controlling some tran-
scription factors and growth factors like Snail, Slug, and 
TGF-β. Some of  the Notch target genes are Akt, cyclin 
D1, c-myc, COX-2 (cyclooxygenase-2), ERK (extracel-
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lular signal-regulated kinase), MMP-9 (matrix metallo-
proteinase-9), mTOR (mammalian target of  rapamycin), 
NF-κB ( nuclear factor-kappa B), VEGF (vascular en-
dothelial growth factor), p21cip1, p27kip1, and p53, all 
involved in the development and progression of  human 
cancer. Gemcitabine-resistant pancreatic cancer cells ex-
hibit overexpression of  Notch-2 and Jagged-1, whereas 
Notch1, a key downstream mediator of  KRAS, is re-
sponsible for pancreatic sphere formation[15,28,52]. Many 
studies found that pancreatic cancer stem cells resistance 
to chemotherapy is linked to activated Notch signaling, 
but the exact mechanism remains unclear[9,53]. There is 
more evidence detailing that the Notch signaling path-
way is essential in supporting the ability of  KRAS to 
transform normal cells into tumor stem cells. In this 
regard, in pancreatic cancer treatment, Notch signaling 
inhibition can be more attractive, as long as there are no 
data arguing that Notch signaling has a critical role in 
normal adult pancreas homeostasis[54].

Hedgehog signaling is another self-renewal pathway 
allowing normal stem cells to become independent of  
control signals; as a result of  mutations in this signaling, 
transformed cells can use Hedgehog for tumor initia-
tion, progression and metastasis. In vivo studies revealed 
that compared with normal pancreatic epithelial cells, 
CD44+CD24+ESA+ pancreatic cancer stem cells ex-
hibit up-regulation of  Shh transcripts, the ligand of  
Hedgehog signaling[55]. Moreover, 70% of  pancreatic 
cancer tissue exhibits overexpression of  Shh, suggest-
ing that Hedgehog signaling may be involved in pancre-
atic carcinogenesis[15]. Studies in the pancreatic cancer 
cell line PANC-1 demonstrated that the inhibition of  
Hedgehog signaling by SMO suppression can reverse 
EMT, induce apoptosis via PI3K/AKT inhibition and 
inhibit the invasion of  pancreatic cancer cells[56]. More-
over, a combination of  focal irradiation with Hedgehog 
signaling inhibition reduces lymph node metastasis in an 
orthotopic animal model[57].

Wnt/β-catenin signaling is involved in cell prolif-
eration, migration, apoptosis, differentiation, and stem 
cell self-renewal in several types of  cancers[58]. Wnt/
β-catenin signaling pathway dysregulation is also asso-
ciated with chemoresistance in pancreatic cancer, and 
recent studies suggest that nuclear β-catenin is essential 
for EMT[50,59]. In vitro and in vivo studies suggest that 
activated β-catenin may decrease the differentiation of  
epidermal stem cells, increase self-renewal capacity and 
promote epithelial cancers in transgenic mice[60].

In 2013, Sun et al[38] reported that one of  the most 
activated signaling pathways in pancreatic cancer stem 
cells is NF-κB, whose inhibition leads to loss of  stem cell 
properties. This study also indicated that aberrant epigen-
etic processes, like CpG promoter methylation, can be 
involved in carcinogenesis mediated by cancer stem cells.

Cancer stem cells from epithelial tissues were identified 
for the first time in breast cancer in 2003, when Al-Hajj et 
al[61] reported that a distinct population CD44+CD24-/
low ESA+ develops tumors in immunodeficient mice. 

In pancreatic cancer, the presence of  cancer stem cells 
was reported in 2007 by Shah et al[48] who showed that 
CD44+CD24+ESA+ cells exhibit high tumorigenic po-
tential.

MicroRNAs in pancreatic adenocarcinoma
As often found in many cancers, expression of  miRNAs 
appears to be dysregulated in pancreatic cancer. The 
miRNA complement of  cancer cells appears different 
than that in normal tissue.

MiRNAs are potent regulators of  cell function via 
their role as translational regulators for the synthesis of  
key proteins. Most often, several miRNAs exhibit differ-
ent expression profiles in cancer cells.

MiR-21, miR-155 and miR-17-5p appear upregulated 
in tumoral cells, and these miRs are often called oncogen-
ic miRNAs[62,63]. Similarly, a series of  miRNAs, referred 
to as tumor suppressor miRs miR-34, miR-15a, miR-16-1 
and let-7), are downregulated in cancers[64,65].

Key cell differentiation programs during develop-
ment are controlled by the members of  the let-7 and 
miR-200 families. In cancer, the loss of  let-7 leads to dis-
ease progression and de-differentiation. The same let-7 
family appears as a regulator of  EMT and of  stem cell 
maintenance. The EMT process is regulated by miRNA-
dependent mechanisms. In human pancreatic cancer, 
DCLK1 regulates EMT by a mechanism dependent on 
miR-200a[66,67].

According to Haselmann et al[65], the inhibition of  the 
maturation of  let-7 by nuclear TRAILR2 in pancreatic 
cancer cell lines increases their proliferation. This result 
is consistent with high levels of  nuclear TRAIL2 in tis-
sue samples from poor outcome patients.

The population of  BxPC-3-LN cells (lymph node 
metastatic pancreatic cells) contains a 5-fold increased 
population of  CD133+/CXCR4+ cells (stem cell-
like cells) compared with the parental (non-metastatic) 
BxPC-3 cells. Remarkably, a different miRNA pattern is 
exhibited in CSC-like cells compared with the non-CSC-
like cells: up-regulated miR-572, miR-206, miR-449a, 
miR-489 and miR184 were observed in conjunction with 
downregulated let-7g-3p, let-7i-3p, let-7a-3p, miR-107, 
miR-128 and miR-141-5p[68].

The miR-200 family members have been identified 
as key regulators of  cell maintenance and EMT. Tumor 
progression may represent progressive de-differentiation 
(EMT) towards a cell type having a stem cell-like pheno-
type. This process appears to be regulated by miRNA-
dependent mechanisms. DCLK1 (a putative marker for 
pancreatic and intestinal cancer stem cells) regulates 
EMT in human pancreatic cancer cells via a miR-200a-
dependent mechanism[69]; DCLK1 also acts as a regula-
tor of  let-7a in pancreatic and colorectal cancer cells, 
supporting the concept that these miRNAs may be novel 
and relevant targets in solid tumor cancers[63,70]. Sureban 
et al[23] demonstrated that DCLK1 inhibition results in 
the up-regulation of  miRNAs that negatively regulate 
some key angiogenic and pluripotency factors. In AsPC1 
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tumor xenografts, the downregulation of  c-MYC and 
KRAS via let-7a was observed in a mechanism similar to 
that demonstrated in pancreatic cancer cells.

The repression of  two tumor-suppressor miRs, miR-143 
and miR-145, is reported in pancreatic cancer as well in 
other cancers[71]; moreover, experimental restoration of  
miR 143/145 levels using nano-vector delivery was dem-
onstrated to inhibit pancreatic cancer cell growth[72]. The 
miR-143/145 cluster cooperates and inhibits the expres-
sion of  KRAS2 and RREB1, its downstream effector[71]. 
MiR-145 was demonstrated to inhibit cell proliferation 
in lung adenocarcinoma by targeting EGFR. In many 
cancers, including pancreatic cancer, EGFR is upregu-
lated[73], whereas inhibition of  EGF signaling inhibits 
cancer initiation and progression[74]. Furthermore, a sup-
pressive effect of  EGFR on miR-143 and miR-145 was 
demonstrated in models of  colon cancer[75]. These find-
ings are indicators of  a negative feedback loop between 
EGFR and miR-143/145, which is similar to KRAS/
RREB1-miR-143/145.

The major role of  VEGF signaling via its receptors, 
VEGFR1 and VEGFR2, was demonstrated in tumor 
vascular growth, angiogenesis, and metastasis, and up-
regulated angiogenic factors in various cancers (colorec-
tal, breast, renal, liver, and ovarian) have been correlated 
with poor prognosis. PDAC exhibits endothelial cell 
proliferation, a mechanisms that increases angiogenesis. 
Inhibition of  VEGF-A, VEGFR1 and VEGFR2 result-
ed in the inhibition of  tumor growth and angiogenesis 
in mouse models of  PDAC. Studies and computational 
analysis outlined a putative binding site for miR-200 
(miR-200a, b and c) in the 3’ UTR of  VEGFR1 and 
VEGFR2[76].

More studies suggest that stem cells convert to can-
cer stem cells by the deregulation of  miRNA expres-
sion, which affect several signaling pathways involved in 
proliferation, apoptosis, and more importantly, renewal 
and differentiation of  stem cells[77,78]. Nanog and Sox2, 
important regulators of  stem cell pluripotency, and the 
CD44 stem cell surface marker are examples of  these 
miRNAs targets[79].

Using microarray analysis, Jung et al[70] demonstrated 
that pancreatic cancer stem cells exhibit differential ex-
pression of  miR-99a, miR-100, miR-125b, miR-192, and 
miR-429 compared with controls. An in vitro study con-
ducted on the human pancreatic cancer cell lines AsPC-1, 
AsPC-1-GTR, MiaPaCa-2, and MiaPaCa-2-GTR re-
vealed re-expression of  miRNAs (let-7a, let-7b, miR-26a, 
miR-101, miR-200b, and miR-200c) that are normally lost 
in pancreatic cancer and especially in pancreatic spheres 
can revert or destroy CSCs[80]. Another study reports the 
loss of  miR-34 in CD44+CD133+ MiaPaCa2 pancreatic 
cancer cells, whereas miR-34 restoration led to the inhibi-
tion of  a side cell population of  tumor cell sphere growth 
and of  tumor formation[64].

Wellner et al[71] demonstrated that miR-200c, miR-203 
and miR-183 activity can lead to the downregulation of  
stem cell factors, founding a regulatory feedback loop 
between miRNAs and CSC in pancreatic cancer.

In this regard, an understanding of  miRNAs altera-
tions can lead to the development of  better strategies in 
the treatment of  pancreatic cancer patients by the elimi-
nation of  CSCs.

The identification of  dysregulated miR expression 
and the existence of  regulatory loops between miRs and 
protein regulators of  key processes (such as cell growth, 
angiogenesis, differentiation) suggest the need and poten-
tial effectiveness of  strategies aiming to restore the “nor-
mal phenotype” expression pattern of  miRs for cancer 
treatment. Various approaches have been developed and 
investigated, such as the delivery of  tumor suppressor 
miRs[81,82], the suppression of  expression or action of  
oncomirs[83,84], targeting the expression of  key regulators 
(such as DCLK1, AMPKα1)[23,85] leading to miR modula-
tion or the simultaneous modulation of  multiple miRs, 
suggesting that using miRs as therapeutic agents or ad-
dressing miRNAs as targets represents a potential solu-
tion for the therapy of  critical cancers.

CANCER STEM CELLS AS THERAPEUTIC 
TARGETS IN PANCREATIC CANCER
In pancreatic cancer, surgery is usually accompanied by 
other complementary treatments such as multi-chemo-
therapy regimens and radiotherapy. Despite clear progress 
in the detection and treatment of  cancer, current strategies 
fail to completely remove the tumor and prevent recur-
rence and metastasis. Existing therapies are toxic and non-
specific, being directed towards both normal cells and 
tumor cells. Most chemotherapeutic regimens are based 
on gemcitabine but provide a modest improvement in 
median survival. The response rate was increased by us-
ing more than two chemotherapeutic agents[86]. Therapy 
failure for highly malignant tumors has been explained, 
at least partially, by the chemo-[87,88] and radioresistant[89] 
nature of  CSCs. Furthermore, studies have demonstrat-
ed that gemcitabine regimens, by targeting differentiated 
cancer cells, lead to a relative enrichment of  cancer stem 
cells[47].

The resistance of  CSCs has been explained by sev-
eral mechanisms: (1) expression of  multidrug resistance-
linked genes, largely ATP-binding cassette (ABC) drug 
transporters[90]; (2) activation of  Wnt/β-catenin signal-
ing[91]; and (3) activation of  Hedgehog pathway[92]. Hence, 
a series of  strategies preferentially target CSCs.

Signaling pathway targeting: Monoclonal antibodies and 
small molecule kinase inhibitors
TGFβ-related inhibition abrogated the self-renewal capac-
ity of  CSCs and in vivo tumorigenicity and reversed the 
resistance of  orthotopically engrafted cancer stem cells 
to gemcitabine. The study demonstrated that the tumor 
response is, however, limited by the stromal hindering of  
drug delivery. The addition of  a stroma-targeting hedge-
hog pathway inhibitor enhanced the delivery of  the 
Nodal/Activin inhibitor and translated into long-term, 
progression-free survival[93].
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The Hedgehog signaling pathway is usually targeted in 
experimental designs as an adjuvant to classic chemo-
therapy. The combined blockade of  sonic hedgehog and 
mTOR signaling together with gemcitabine is capable of  
eliminating pancreatic CSCs[94]. Inhibition of  Smooth-
ened combined with gemcitabine prolonged survival in 
mice transplanted with pancreatic tumors. Importantly, 
however, only in mice treated with triple therapy (with 
mTOR inhibitor rapamycin added) were cancer stem 
cells virtually completely abrogated, and the authors re-
ported long-term disease stabilization or regression and 
subsequent long-term survival[95].

Targeting stemness genes (Sox2, Oct4 and c-Myc) through a 
complex decoy oligonucleotide designed to simultane-
ously target all three genes was shown to suppresse CSC 
properties and phenotypes and minimized the tumori-
genic capability of  the SP cells and the resistance to che-
motherapy[42].

Several studies have targeted the Notch pathway using 
selective γ-secretase inhibitors. In pancreatic cancer xe-
nografts, PF-03084014, a selective γ-secretase inhibitor, 
alone and in combination with gemcitabine, inhibited 
the cleavage of  the nuclear Notch 1 intracellular domain 
and Notch targets Hes-1 and Hey-1 and induced tumor 
regression in 3 of  4 subcutaneously implanted xenograft 
models. The authors argue that the observed effects are 
due to PF-03084014 targeting putative aggressvive can-
cer stem cells[54]. Another potent and selective γ-secretase 
inhibitor, MRK-003, also led to the downregulation of  
the nuclear Notch1 intracellular domain, the inhibition 
of  anchorage-independent growth, and a reduction in 
the number of  cells capable of  extensive self-renewal. 
Pretreatment of  a pancreatic adenocarcinoma cell line 
with MRK-003 significantly inhibited the subsequent en-
graftment in immunocompromised mice, and the mixed 
regimen MRK-003 and gemcitabine in engrafted mice 
reduced tumor cell proliferation and induced both apop-
tosis and intratumoral necrosis[96].

Due to their involvement in cell proliferation, recep-
tor tyrosin-kinases are frequently dysregulated in cancers 
and have been recently therapeutically targeted by small 
molecule inhibitors. There are reports of  pancreatic can-
cer trials testing both kinase inhibitors and monoclonal 
antibodies. Sunitinib targets multiple receptor tyrosine 
kinases, including stem cell factor receptor (c-KIT) and 
has been shown to possess antitumor efficacy in in vivo. 
The combination of  gemcitabine with sunitinib could 
not surpass the effects of  single-agent sunitinib[97]. Cabo-
zantinib, a small kinase inhibitor that targets c-Met and 
VEGFR2, inhibited viability and spheroid formation and 
induced apoptosis in pancreatic malignant cells with mi-
nor effects in non-malignant cells. In primary, CSC-en-
riched spheroidal cultures, cabozantinib downregulated 
the CSC markers SOX2, c-Met and CD133 and induced 
apoptosis[98].

Tumor-necrosis factor family members have also been 
targeted as possible anticancer therapies through mono-
clonal antibodies. A combination of  tigatuzumab, a fully 

humanized death receptor 5 agonist monoclonal anti-
body, with gemcitabine proved to be more efficacious 
in killing both CSCs and adenocarcinoma cells. The 
combination therapy produced a remarkable reduction 
in pancreatic CSCs, tumor remissions, and significant 
improvements in the time to tumor progression[99].

Cell cycle regulators represent another class of  mol-
ecules with the potential to be used as targets in antican-
cer therapies. Thus, inhibiting checkpoint kinase 1 (Chk1), 
together with gemcitabine was shown to decrease the ca-
pacity of  PCSCs to initiate tumors. Another interesting 
finding was that DNA damage mediated by Chk1 was 
lower in non-stem cells than in stem cells[100].

Immunotherapy
Given the failure of  cytotoxic therapies, new therapy 
approaches are under investigation. Vaccination therapy 
aims to increase the patient’s immune response against 
tumor cells by targeting cancer markers with the aid of  
specialized antigen-presenting cells such as dendritic 
cells. Currently, there is a number of  vaccines for human 
pancreatic cancer in clinical trials including the follow-
ing: (1) whole-cell vaccines; (2) combined dendritic cells 
with antigen to present to patient leukocytes; (3) peptide 
and DNA vaccines, iv) Ras peptide vaccine; (4) vaccine 
against common cancer mutations targetable by CD4/8 
T cells; (5) telomerase peptide vaccine; (6) CEA and Mu-
cin 1; and (7) survivin-targeted vaccine[101].

Furthermore, boosting the immune response with 
additional treatment with dendritic cells (LANEX-DC®) 
was shown to be highly effective and to extend the me-
dian survival times up to 8.9 mo[102].

A rather recent and innovative approach in immu-
notherapy is personalized peptide vaccination (PPV), in 
which HLA-matched peptides are selected and admin-
istered, based on the pre-existing host immunity before 
vaccination[103]. PPV is now under investigation for pan-
creatic adenocarcinoma, and a phase Ⅱ study for 41 che-
motherapy-resistant advanced pancreatic cancer patients 
has been reported. Vaccine antigens were selected and 
administered based on the pre-existing IgG responses 
to 31 different pooled peptides, and no vaccine-related 
severe adverse events were observed[104].

Other active agents
Salinomycin is a antiprotozoal agent that was recently 
proven to preferentially kill breast CSCs[105] and was later 
investigated in other types of  malignancies (reviewed 
in[106]). In an in vitro model of  pancreatic adenocarci-
noma, salinomycin inhibited the growth of  CSCs, and in 
vivo xenografting studies demonstrated that salinomycin 
combined with gemcitabine could eliminate the engraft-
ment of  human pancreatic cancer more effectively than 
the individual agents[107]. The mechanisms proposed for 
the anti-tumor activity of  salinomycin include the fol-
lowing: (1) inhibition of  Wnt/β-catenin signaling[108]; 
(2) induction of  apoptosis and autophagy via AMPK 
activation[108]; (3) increased DNA breakage and phos-
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phorylated levels of  p53 and H2AX[109]; and (4) cell cycle 
arrest and apoptosis via downregulation or inactivation 
of  cell cycle-associated oncogenes, such as Stat3, cyclin 
D1, and Skp2[110]. Adamantyl-substituted retinoid-related 
molecules (ARRs) inhibit growth and induce apopto-
sis in the pancreatic stem-like cell population, possibly 
through decreased IGF-1R and β-catenin expression[111].

Isothiocyanate sulforaphane (SF) was used as sen-
sitizer of  pancreatic CSCs to TRAIL (tumor necrosis 
factor-related apoptosis inducing ligand)-induced apop-
tosis by quercetin and sorafenib. Combination of  SF 
with a cytotoxic drug efficiently induced apoptosis along 
with the inhibition of  self-renewing potential, ALDH1 
activity, clonogenicity, xenograft growth and relapse of  
GEM-treated tumor cells in nude mice[112].

 The flavonoid Quercetin enhances TRAIL-mediated 
apoptosis, acts as a chemosensitizer for the ABC pump-
proteins and can enhance the effects of  sulforaphane in 
inhibiting pancreatic CSC characteristics[113].

Delivery of cytotoxic drugs by specific targeting of stem 
cell markers
Targeted therapeutic delivery is a way to ensure that 
drugs reach the designated target at the highest concen-
tration within safety limits. Targeted delivery relies on 
nanoparticles [small metallic or non-metallic molecules, 
(such as polymeric, carbonic, sillica-for a detalied review 
please see[114])]. Most nanoparticles accumulate in tu-
mors due to their intense and leaky neovascularization, 
but some can be retained in the tumors with the use of  
cancer-specific antigens[115]. In the same manner that 
nanoparticles are targeted for the bulk tumor, nanopar-
ticles can be targeted for CSCs by CD-133, for example. 
To increase delivery into the cytosol and prevent early 
lysosomal degradation, Bostad et al[116] have employed 
photochemical internalization (PCI), a minimally inva-
sive method for light-controlled, specific delivery of  
membrane-impermeable macromolecules to increase the 
cytotoxic effect of  an immunotoxin targeting CD133-
expressing cancer cells of  colon (WiDr and HCT116) 
and pancreas (BxPC-3) origin.

CONCLUSION
Pancreatic cancer remains one of  the major causes of  
cancer death with low survival rates due to the metas-
tasis of  early-stage tumors and the lack of  any effective 
treatment. Discoveries made in recent years clearly dem-
onstrate that stem cells and EMT-type cells are involved 
in pancreatic cancer and are responsible for chemore-
sistance and the metastatic potential of  this tumor type. 
The emergence of  cancer stem cells is based on genetic 
alterations and modifications in signaling pathways that 
result in the transformation of  normal stem cells, pro-
genitors or differentiated cells. Currently, cancer stem cell 
inhibitors in combination with conventional therapy are 
being tested in clinical trials and could provide an innova-
tive approach for the treatment of  pancreatic cancer.
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