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Abstract Pancreatic cancer remains one of the most
difficult malignancies to treat. Significant developments in
our understanding of pancreatic cancer biology have
occurred over the past decade. One of the key advances has
been the formulation of the cancer stem cell model of
tumor growth and subsequent experimental proof of pan-
creatic cancer stem cell existence. Cancer stem cells con-
tribute to pancreatic tumor growth and progression and are
at least partially responsible for the relative resistance of
the tumor to systemic chemotherapy and radiation. Sig-
nificant questions remain about how the mutational profile
of the tumor, the tumor microenvironment, and normal
pancreatic developmental pathways contribute to pancre-
atic cancer stem cell biology. Answers to these questions
will likely yield new therapeutic approaches for this deadly
disease.
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Introduction

Pancreatic ductal adenocarcinoma (PDA) remains one of
the deadliest malignancies in the world. Approximately
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250,000 people are diagnosed with the disease worldwide
each year and about the same number die from it. These
statistics have not significantly changed over the past
several decades. It is diagnosed late in its progression
because of its ability to grow and metastasize without any
significant symptoms. Surgical resection is the only known
curative therapy. Unfortunately more than 80% of patients
presenting to the clinic are ineligible for such a procedure.
The successfully resected patient population still only has
an aggregate 20% 5-year survival rate with the best adju-
vant systemic therapy. This is partly due to the significant
chemotherapy and radiation resistance of the tumor.

One of the key concepts of tumor biology that has begun
to gain wide acceptance in the past decade is the presence
of cancer stem cells in many malignancies. Cancer stem
cells (CSCs) are functionally analogous to somatic stem
cells present in adult tissues. They have the ability to
undergo symmetric and asymmetric cell division and
thereby can self-renew as well as give rise to “differenti-
ated” tumor cell progeny that forms the bulk of the tumor
(reviewed in [1]). CSCs have also been found to be resis-
tant to chemotherapy and radiation and are considered to be
responsible for the lack of tumor response to these thera-
pies or for tumor recurrence after completion of adjuvant
therapy.

In this review, we will discuss the two main models of
tumor growth, the clonal evolution and the cancer stem cell
model. We review how CSCs have been defined and ana-
lyzed and how the two models of cancer progression can
potentially be combined to form a more unified view of
tumor biology. We also discuss how the presence of CSCs
relates to the therapeutic resistance of pancreatic cancer
and discuss some of the underlying molecular mechanisms
for this resistance such as the epithelial-mesenchymal
transition (EMT). We also survey the early efforts at
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targeting pancreatic CSCs as part of a comprehensive
strategy to treat this dismal disease.

Models of tumor cell heterogeneity

Experimental observations of functional heterogeneity in
tumor cells have been known for decades. Variations have
been observed in cell population growth rates, ability to
form new tumors, ability to metastasize, and resistance to
systemic chemoradiotherapy [2]. Understanding the ability
of distinct cell populations within tumors to support long-
term tumor growth and formation of new tumors is key as
we attempt to define if all tumor cells or only specific
subpopulations should be targeted with our therapies. An
influential review in 2001 described the clonal evolution
and cancer stem cell models of tumor development as
alternatives, which could explain the observed functional
heterogeneity within tumor cell populations [1]. The clonal
evolution model posited that most tumor cells are capable
of supporting tumor growth, given the right environment.
The cancer stem cell model predicted that although genetic
diversity existed within the tumor, only a defined subpop-
ulation of tumor cells with a distinct phenotype would
reproducibly support tumor growth and have the ability to
form new tumors. Subsequent work in hematological
malignancies and solid tumors has led to further refine-
ments of these two main models [2].

The key question of whether functionally distinct cells
are phenotypically distinguishable from the bulk tumor was
first approached in models of acute myeloid leukemia
(AML). Seminal work by Dick et al. [3] identified a
CD34+/CD38— subpopulation of human AML cells that
was capable of long-term reconstitution and formation of
several subtypes of AML in immunocompromised SCID
mice. Follow-up work further suggested that in fact prim-
itive human hematopoietic stem cells or progenitor cells
were the target of leukemic transformation [4].

Support for the cancer stem cell model in solid malig-
nancies did not appear until 2003, when Michael Clarke
et al. [5] defined the CD44+/CD24— subpopulation of
human breast cancer cells as the tumor-initiating cells
using the NOD/SCID xenograft model. Multiple sub-
sequent publications rapidly began to define similar subsets
of CSCs in other solid malignancies including brain [6, 7],
colon [8-10], and head and neck cancers [11].

First experimental observations of pancreatic CSCs
were published in 2007 by our group [12] followed by a
report by Heeschen et al. [13]. Our work utilized 10 pri-
mary human pancreatic cancer xenografts to define the
CD44+/CD244-/ESA+ subpopulation of tumor cells as the
CSCs. Dr. Heeschen’s group focused on the CD1334 stem
cell marker and defined the CD133+ subpopulation as the
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CSCs from 11 primary human cancer samples and pan-
creatic cancer cell lines. Analysis of phenotypic overlap
between these two cell subsets revealed 10—-40% of
CD44+/CD24+/ESA+ cells were also CD133+ [13].
Analysis of the CD133+4 CSCs also led to the isolation of a
CXCR4-expressing subpopulation, which was solely
responsible for metastatic dissemination in an orthotopic
injection mouse model of PDA. This suggested that CSCs
are not only responsible for primary tumor growth, but may
also drive subsequent metastatic spread.

Additional markers that may enrich for pancreatic CSCs
have since been defined. Aldehyde dehydrogenase
(ALDHI1AT1) has been used as a marker of CSCs in other
malignancies. Recent work has demonstrated that ALDH-+
cells, as tested by the ALDEFLUOR assay, are also enri-
ched for pancreatic tumor-initiating cells [14, 15]. We have
also recently defined a key role for c-Met, the hepatocyte
growth factor (HGF) receptor, in pancreatic CSC biology
[16]. An interesting observation remains that there is often
only a partial overlap between the cell subpopulations as
defined by the different marker combinations. In fact one
of the confounding factors in the cancer stem cell field has
been the use of disparate marker profiles by various groups.
It is currently unclear if the partially overlapping subpop-
ulations of cells represent distinct functional subsets of
pancreatic CSCs or if the lack of overlap is simply due to
different sorting techniques and staining methods used by
the individual laboratories. Standardization of protocols
and reagents and publication of full analysis and gating
strategies will help to minimize technical reasons for the
variability seen between different publications [17].
Functional validation in xenograft assays should serve as
the gold standard to verify that true tumorigenic cells have
been isolated, as in vitro analyses using established cell
lines do not necessarily identify cancer stem cells [18].

Cancer stem cells and the genetic heterogeneity
of tumors

Fearon and Vogelstein [19] published a genetic progression
model of colorectal tumorigenesis. The direct implication
of the study was that accumulation of genetic mutations in
an irreversible fashion accompanies the progression of
normal tissue through dysplasia to frank carcinoma.
Detailed pathological analysis of human pancreatic cancer
samples has revealed similar histologic progression from
normal pancreas through pancreatic intraepithelial neo-
plasia (PanINs) to full-blown PDA [20]. Along with the
histological changes, detailed genetic analyses estab-
lished a specific temporal accumulation of specific genetic
mutations most commonly seen in pancreatic cancers. Kras
mutations are seen in more than 95% of pancreatic cancers
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and can be isolated from the lowest stage PanINs, whereas
mutations or loss of the tumor suppressor genes p16/Ink4a,
p53, and DPC4/Smad4 occurs later during the neoplastic
progression. As genome sequencing technologies have
drastically improved, more comprehensive analysis of
individual pancreatic cancer genomes has been per-
formed. This has revealed a significant heterogeneity
between individual human tumors in terms of the full
mutational complement and also identified an average of
64 mutations per tumor in a set of 24 primary human
PDAs [21]. Despite the genetic heterogeneity of the
tumors studied, the authors were able to identify common
pathways affected by the genomic changes, which will
require further biological validation in the future. Recent
detailed analysis of different anatomical regions within
the primary tumors and associated metastases demon-
strated that metastatic lesions could be genetically traced
to different subclones arising in distinct areas of the pri-
mary tumor [22, 23]. The overall implication from these
genomic studies is that multiple genetic subclones are
constantly evolving and competing in parallel within the
primary tumor and that different subclones may inde-
pendently give rise to metastatic lesions.

It is important to attempt to reconcile the genetic evi-
dence supporting the clonal evolution model with the
experimental studies of cancer stem cells. Recent work has
begun to describe the genetic profiles of cancer stem cells
in two distinct models of acute lymphocytic leukemia
(ALL). Using copy number alteration analysis through
single nucleotide polymorphism (SNP) arrays, Dick et al.
[24] demonstrated genetically diverse leukemia-initiating
cells in BCR-ABL1-driven ALL. Leukemic stem cells
from the dominant genetic clone often also formed the
dominant clone in recipient mice. However, in certain
instances the minor subclone CSCs outcompeted the ori-
ginal clone and gave rise to a new dominant clone in the
recipient animals. This increased aggressiveness was
associated with specific genetic changes in the neoplastic
cells such as the loss of CDKN2. This data suggests that
genetic subclones may define different populations of
CSCs with varying biologic aggressiveness. Greaves et al.
[25] made similar observations about the leukemia-initi-
ating cells in ETV6-RUNX1-driven ALL using multi-epi-
tope, high-resolution fluorescence in situ hybridization
analysis. This work reveals the same underlying genetic
heterogeneity in CSCs that is seen in the bulk tumors. We
currently do not understand how the genetic diversity of
primary PDA correlates with the presence of pancreatic
CSCs and how this relates to the biological aggressiveness
of the various subclones of the tumor. This question will be
exceedingly difficult to answer in primary human tumors,
but use of animal models of pancreatic cancer may shed
light upon this issue.

Genetically engineered mouse models of cancer have
also been used to isolate and study CSCs. For example,
multiple murine models of breast cancer exist based on
overexpression of Wnt-1, neu, or loss of p53. CSC sub-
populations have now been described in all three of these
models [26-28]. It is interesting to note that the one study
that analyzed the models concurrently was unable to find a
common cell surface phenotype for the CSC subpopulation
for all three models, although some overlap was noted on
the basis of CD61/f3 integrin expression [27]. A recent
study utilizing three genetically distinct mouse models of
lung adenocarcinoma also demonstrated that tumors of
different genetic backgrounds contained CSCs with dis-
parate cell surface marker phenotypes [29]. Over the past
decade new mouse models of pancreatic cancer have been
described that recapitulate the pathology of the human
disease [30-32]. These models rely on the introduction of
the mutated Kras allele in the presence or absence of
mutations in other tumor suppressors normally found in
human PDA. It will be interesting to delineate the CSC
populations in the tumors arising in these mice and to
elucidate the relationship between specific genomic alter-
ations and the functionality of CSCs. It is also noteworthy
that in many instances, the CSC markers from murine
models do not necessarily correspond to the markers
determined from primary human tumor studies, highlight-
ing potentially important differences between human
biology and the corresponding genetically engineered
mouse model systems.

One of the key assumptions underlying the cancer stem
cell model is that the CSCs exist at the top of a develop-
mental hierarchy and populate the tumor with descendant
CSCs and more “differentiated” tumor cells via asym-
metrical cell division. Another assumption implicit in the
cancer stem cell model has been that no conversion occurs
from the non-stem cancer cells to a cancer stem cell state.
However, recent evidence has begun to point to the exis-
tence of significant functional plasticity in the stem and
non-stem cancer cell populations. For example, signals
from the tumor microenvironment, including HGF, can
drive the conversion of colon cancer cells into a cancer
stem cell state through enhancement of f-catenin signaling
[33]. Two recent papers highlight the ability of normal
breast epithelial cells and “differentiated” breast cancer
cells to spontaneously transition into more stem-like states
with enhanced ability to recapitulate breast gland devel-
opment and enhanced tumorigenicity [34, 35]. Recent work
in breast cancer cell lines has also led to the development
of a model of stochastic transitions between the breast
luminal, basal, and stem-like cells [36]. The mechanisms
underlying the spontaneous conversion of non-stem cells to
cancer stem cells are mostly unknown, but in breast cancer
cells, IL-6 signaling seems to play a role [35]. These results
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agree with a recent paper highlighting the role of IL-6/
JAK2/STAT3 signaling in the maintenance of CD444-/
CD24— cancer stem cells in human breast carcinomas [37].
Of note, the IL-6/STAT3 signaling axis has been directly
implicated in both human and murine PDA initiation and
progression [38, 39]. It is unclear if IL-6 signaling con-
tributes to pancreatic CSC biology and this forms an
excellent question to address experimentally in the future.
The other implication of the studies above is that the ori-
ginal model of cellular functional hierarchy based on nor-
mal stem cell biology may not necessarily apply in the case
of CSCs [34-36]. Here the additional plasticity of the
tumor subpopulations allows for potential interconversion
between stem and non-stem cell states, which may be
regulated by multiple factors including the tumor
microenvironment.

It will be important to reconcile the genetic evidence for
the clonal selection model with the evidence of functional
heterogeneity supporting the cancer stem cell model. At
this point the evidence in some cancer types seems to
suggest a model where multiple genetic subclones contain
varying proportions of CSCs with distinct genetic back-
grounds (Fig. 1). This can potentially explain the presence
of dominant and minor clones and why cancers often
relapse after systemic therapy. As cancer stem cells have
been shown to be more resistant to chemoradiation than the
rest of the tumor cell population, this selective pressure
would automatically select the genetic clones that contain a
higher proportion of cancer stem cells and thereby have
higher potential for reconstituting tumor growth once the
therapeutic regimen is finished. It will be necessary to
better delineate the relationship of the genetic background
of the tumor to the frequency and functionality of the
cancer stem cell subpopulation in human PDA to design
better therapeutic approaches in the future.

Developmental pathway dysregulation in PDA

Experimental work over the past decade has begun to
delineate the contribution of reactivated developmental
signaling pathways in pancreatic cancer initiation and
progression [40]. For example, we have begun to appre-
ciate that the neoplastic pancreas upregulates Hedgehog
signaling proteins and that these are crucial to pancreatic
cancer progression [41, 42]. Hedgehog ligands activate
intracellular signaling by binding to the canonical cell
surface receptor patched (Ptch) in the primary cilium. Ptch
then moves out of the primary cilium allowing smoothened
(Smo) to enter the structure and activate the Gli family of
transcription factors, which play a key role in carcino-
genesis and stem cell modulation [43]. The adult pancreas
does not normally express Hedgehog ligands. In contrast,

@ Springer

Tumor

Genetic clone 2

Fig. 1 Cancer stem cells within genetic subclones of a pancreatic
tumor. Recent data suggest a common model of tumorigenesis with
facets of clonal selection and cancer stem cell biology. The pancreatic
tumor is composed of distinct genetic clones, each of which contains
its own population of cancer stem cells that drive the clone’s
proliferation. The cancer stem cells maintain the capacity for self-
renewal and for generation of non-stem cell progeny by asymmetric
division. A possibility for generation of cancer stem cells from bulk
tumor cells is not excluded given recent evidence from multiple breast
cancer models (see text)

the neoplastic epithelium secretes the Hedgehog ligands,
which subsequently activate the canonical signaling path-
way in tumor stromal cells [44-46]. Recent work using
genetically engineered mouse models has shown that dis-
ruption of the Hedgehog signaling pathway leads to
increased vascularity of the tumors and allows for better
chemotherapeutic delivery to the neoplastic tissues [47].
Hedgehog signaling has also been shown to be involved
in pancreatic CSC function. In our original work, we
demonstrated that the CD44+-/CD24+/ESA+ CSC popu-
lation has marked upregulation of expression of Sonic
hedgehog (Shh) [12]. On the basis of this data, one might
hypothesize that the CSC population is responsible for
driving the neoplastic stroma generation. In a separate
study, blocking of Shh signaling with cyclopamine led to a
decrease in the proportion of CD133+ CSCs found in
pancreatic cancer cell lines, decrease in the metastatic
potential of tumor cells, and in conjunction with gemcita-
bine and rapamycin led to a decrease in overall in vivo
tumorigenicity [48]. This data intimately implicates Hh
signaling in the biology of pancreatic cancer and multiple
clinical trials utilizing Hh inhibitors are now underway to
test their efficacy in treating pancreatic cancer. It still
remains unclear if Hh signaling directly supports CSC
survival or indirectly stimulates signals from the tumor
microenvironment that support the cancer stem cell niche.
Whnt/ff-catenin signaling is intimately involved in many
developmental and neoplastic processes. Expression of
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f-catenin increases progressively in PanINs and PDA and
its localization changes from the classical membranous
distribution to increased cytoplasmic and nuclear locali-
zation with tumor progression [49]. Upregulation of
p-catenin and the downstream transcription factor Tcf4
was observed in transgenic murine models of PDA and
multiple Wnt ligands and signaling components were
expressed in pancreatic cancer cell lines [S0]. We have also
shown previously that overexpression of ataxia-telangiec-
tasia group D (ATDC, also known as TRIM29), which is
found in the majority of human PDA, leads to the stabil-
ization of ff-catenin protein levels by Disheveled-mediated
inhibition of glycogen synthase kinase-3f (GSK-3f),
which normally phosphorylates f-catenin leading to its
degradation [51]. Stabilization of f-catenin and corre-
sponding increased intracellular protein levels correlate
with increased proliferation of pancreatic cancer cells.
Direct involvement of f-catenin signaling in pancreatic
CSC biology has not been formally demonstrated yet, but
evidence from other malignancies suggests that this path-
way may play a key role in CSC biology. Disruption of
p-catenin led to a significant decrease of CD34+ skin
CSCs in murine models of squamous cell carcinoma, which
correlated with established tumor regression [52]. f-Cate-
nin signaling also plays a key role in colon cancer and in
hematopoietic stem cell biology [53]. Medema et al. [33]
demonstrated that myofibroblasts secreting HGF induce
f-catenin signaling in adjacent colon cancer cells and
thereby promote their in vitro clonogenicity and in vivo
tumorigenicity. These findings are interesting in the light of
our recent work highlighting the role of c-Met, the HGF
receptor, in pancreatic CSC biology [16]. It will be
important to delineate more precisely how Wnt/f-catenin
signaling contributes to the function of pancreatic CSCs.

Cancer stem cells, EMT, and therapeutic resistance

Multiple studies from diverse systems have now demon-
strated that standard chemotherapy and radiation often
select for the underlying CSC subsets in the treated tumors.
Rich et al. [54] analyzed the responses of glioma CD133+
stem cells to radiotherapy and determined that the CSCs
were more resistant to irradiation by more efficient
upregulation of the DNA damage response. Work utilizing
colon CSCs demonstrated they are preferentially resistant
to standard chemotherapy in an IL-4-dependent manner
[55]. Analysis of the CD44+/ESA+ colon CSC subset
revealed it to be enriched in tumors after chemotherapy.
Inhibition of ALDHI1AI, an enzymatic marker of stem
cells in many systems, resensitized the colon CSCs to
chemotherapy [56]. In breast cancers, standard chemo-
therapy regimens increased the proportion of CD44-4-/

CD24— breast CSCs in matched breast cancer biopsies
before and after chemotherapy [57]. In this system, addi-
tion of lapatinib, a Her2/neu inhibitor, led to an abrogation
of this CSC frequency increase. These results suggest that
standard systemic therapy often either selects for or indu-
ces the formation of CSCs and that targeted molecular
therapy may allow us to target this resistant subpopulation
of cancer cells.

A key functional transition that appears to play a role in
cancer stem cell therapeutic resistance is the epithelial—
mesenchymal transition (EMT). Weinberg et al. [58]
demonstrated that inducing EMT in breast cancer cells also
forces the cells to transition into the CD44-+/CD24— breast
CSC state. Recent gene expression profiling analysis of
human and murine pancreatic cancer cell samples revealed
three distinct tumor types: classical epithelial, quasimes-
enchymal, and endocrine-like type [59]. Presence of the
quasimesenchymal signature correlated with poor patient
prognosis and differential sensitivity to EGF-based ther-
apy. The quasimesenchymal signature included significant
downregulation of E-cadherin and upregulation of Twistl,
a transcription factor important for EMT. In other pub-
lished experiments, siRNA-based inhibition of Zebl,
another EMT transcription factor, in Panc-1 cells led to a
decrease of primary xenograft tumor size, number of
metastases, and tumorsphere-forming ability [60]. Poorly
differentiated human cancers also express high levels of
Zebl. Further analysis revealed that Zebl inhibits the
expression of the miRNA-200 cluster and thereby promotes
EMT and stemness in pancreatic cancer cells. Direct
inhibition of Zebl led to reversion to an epithelial pheno-
type and increased sensitivity to gemcitabine and cisplatin
[60, 61]. In a study by Shah et al. [62] generation of
gemcitabine-resistant subclones of established pancreatic
cancer cell lines resulted in the loss of E-cadherin and
higher levels of nuclear ff-catenin and Twist. Gemcitabine
resistance correlated with an increased proportion of
CD44+/CD24+/ESA+ cells in the cell lines. Together,
this data implicates both the EMT and cancer stem cell
phenotypes in the chemoresistance seen in pancreatic
cancer. How the process of EMT relates to the generation
and maintenance of the CSC phenotype in PDA remains
unclear. Novel therapeutic approaches may potentially be
designed that interfere with the maintenance of both of
these states to effectively treat pancreatic cancer in the
future.

Therapeutic targeting of cancer stem cells
Early forays into CSC-targeted therapies have been made.

One particular pathway that may serve as a good thera-
peutic target is the PI3K/Akt/mTOR pathway. This
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signaling pathway has been previously implicated in the
maintenance of breast, prostate, and leukemic stem cells
[63-65]. Additionally, perivascular medulloblastoma stem
cells exhibit resistance to radiation therapy and require Akt
activity for their survival [66]. Rapamycin targets the
mTOR pathway and has been demonstrated to have effi-
cacy against pancreatic and leukemic stem cells [48, 64].
Leukemic stem cells require mTOR for survival unlike
normal hematopoietic stem cells and rapamycin therapy
leads to leukemic stem cell depletion [64, 67]. Rapamycin
therapy of human pancreatic cancer xenografts leads to
pancreatic CSC depletion and this becomes even more
pronounced when it is combined with gemcitabine and
cyclopamine, a Smoothened inhibitor that abrogates
Hedgehog signaling [48]. These early results support the
idea that specific targeted therapies preferentially affecting
the CSC population may be found.

We have recently discovered that expression of c-Met,
the HGF receptor, identifies pancreatic CSCs along with
high levels of CD44 [16]. In our work, we also demon-
strated that using XL.184, a c-Met inhibitor, led to depletion
of the pancreatic CSCs and decreased tumorsphere-forming
capacity and in vivo tumorigenicity of the treated cells.
c-Met inhibition was synergistic with standard gemcitabine
chemotherapy in our preclinical primary human PDA
orthotopic xenograft models [16]. These approaches reveal
the possibility of development of CSC-targeted therapies
that can potentially be used alongside standard chemo-
therapeutic regimens to specifically eliminate the CSC
subpopulations and further reduce tumor recurrence. One
caveat to this approach is the emerging data about tumor
cell functional plasticity discussed earlier in this review. It
will be important to verify that the chemotherapies do not
eradicate existing CSCs that could then simply be replaced
from a surviving pool of bulk cancer cells. It is likely that
the most efficacious therapeutic strategies in the future will
combine targeting of both the CSC and non-stem cell
compartments to achieve the fullest effect.

Conclusions

Pancreatic cancer remains an extremely difficult clinical
problem. Despite this we have begun to make headway in
the past decade in our understanding of the underlying
biology, which has resulted in the development of new
therapeutic approaches currently being tested in clinical
trials. Our insight into the genetic basis of PDA initiation
and progression has allowed us for the first time to develop
animal models of the disease which closely recapitulate the
human pathological process. The parallel emergence of
the cancer stem cell field over the past 20 years has led to
the isolation of these functionally important cells in
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primary human pancreatic tumors. We should strive to
combine these newly developed tools and insights to better
delineate how the underlying genetic diversity of the pan-
creatic tumor leads to functional cell heterogeneity cul-
minating in the generation and maintenance of pancreatic
CSCs. This information should yield new therapeutic
approaches for this disease.

Studies have begun to define the contribution of dysreg-
ulated developmental pathways to pancreatic tumor initiation
and growth. These basic biological studies have now led to
preclinical testing of Hedgehog, Wnt, and Notch inhibitors in
genetically engineered mouse models and primary human
tumor xenograft models of PDA. Based on the promising
results in these preclinical models, multiple clinical trials are
now taking place utilizing these agents as single therapy or in
combination with standard chemotherapy. It is not yet com-
pletely clear how these pathways interact together in the
tumor microenvironment and tumor epithelium to drive the
process of tumorigenesis through cancer stem cell generation
and maintenance. It is conceivable that delineating these
mechanisms will allow us to better tailor the multi-agent
chemotherapy that is needed to treat pancreatic cancer.

The key aspect of cancer stem cell biology that is
therapeutically relevant is CSC resistance to current sys-
temic therapy. We still have very little understanding of the
underlying molecular mechanisms of this resistance. On
the basis of the preliminary studies with rapamycin and
XL184, the c-Met inhibitor, it is possible that clinically
relevant molecularly targeted therapy against pancreatic
cancer stem cells can exist. How these therapies break the
resistance mechanisms seen in previous work remains an
important question for further study. We remain hopeful
that meaningful clinical improvement for our patients will
result from these future experiments.
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