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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is the most representative form of pancreatic cancers. PDAC
solid tumours are constituted of heterogeneous populations of cells including cancer stem cells (CSCs), differentiated cancer cells, desmoplastic stroma and immune cells. The identification and consequent isolation of pancreatic
CSCs facilitated the generation of genetically engineered murine models. Nonetheless, the current models may
not be representative for the spontaneous tumour occurrence. In the present study, we show the generation of
a novel pancreatic iPSC-converted cancer stem cell lines (CSCcm) as a cutting-edge model for the study of PDAC.
The CSCcm lines were achieved only by the influence of pancreatic cancer cell lines conditioned medium and were
not subjected to any genetic manipulation. The xenografts tumours from CSCcm lines displayed histopathological
features of ADM, PanIN and PDAC lesions. Further molecular characterization from RNA-sequencing analysis highlighted primary culture cell lines (1st CSCcm) as potential candidates to represent the pancreatic CSCs and indicated
the establishment of the pancreatic cancer molecular pattern in their subsequent progenies 2nd CSCcm and 3rd
CSCcm. In addition, preliminary RNA-seq SNPs analysis showed that the distinct CSCcm lines did not harbour single
point mutations for the oncogene Kras codon 12 or 13. Therefore, PDAC-CSCcm model may provide new insights
about the actual occurrence of the pancreatic cancer leading to develop different approaches to target CSCs and
abrogate the progression of this fatidic disease.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is
one of the most highly desmoplastic tumours
which unfortunately due to its aggressiveness
and rapid dissemination together with the
strong resistance to the radiation therapy and
chemotherapy contributes to the dismal prognosis. Over the past decades the strategies to
find new diagnostic approaches at early stages
along with the effective treatments has not
improved significantly [1, 2]. Therefore, this
highlights the urgent need to find novel models
to study the origin as well as the progression of
the disease.

PDAC solid tumours are comprised of a wide
range of heterogeneous populations of cells
including cancer stem cells (CSCs), the actual
differentiated cancer cells together with desmoplastic stroma and immune cells which represent a high proportion of the tumour mass
[3]. CSCs are considered as cells that possess
stem cell properties and produce diverse lineages of cancer cells. Hence, CSCs have been
associated with the tumour initiation and progression, and have been reported to be involved
in tumour metastasis [4].
The isolation of pancreatic CSCs succeeded in
providing new insights regarding the chemore-
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sistance and the high metastatic ability in
PDAC. Since CSCs and non-CSCs share an
identical genetic background it is difficult to
find appropriate in vitro and in vivo systems
that allows to select reproducibly and exclusively enriched CSCs populations. Furthermore,
these new approaches include particular markers that are also found in differentiated adult
cells what makes questionable the identification of the CSCs [7]. Recent advances have
been developed in targeting CSCs and their
identification and isolation consequently facilitate the generation of new murine models [5,
6]. However, the current models are genetically
engineered and therefore may not be suitable
for a better understanding of the spontaneous
tumour occurrence.
As have been seen in regenerative medicine
field, iPSCs when exposed to appropriate environments are able to directly differentiate into
progenitor cells that lead to the latter matured
form of cells. Hence, the signals found in the
niche simultaneously regulate the differentiation as well as support the tissue homeostasis
preserving the self-renewal potential from a
minor but required stem cells number [8].
Based on this we previously hypothesized that
CSCs might be considered as progenitor cells
that are destined to differentiate into cancer
cells and that consequently if the cell fate
comes determined by the events and factors
present in the niche, the tumour microenvironment should exert the same effects when
healthy cells are exposed to it. Chen L and
Kasai T et al. demonstrated the impact of the
so-called cancerous niche when by exposing
Nanog iPSCs to a Lewis Lung carcinoma conditioned medium (LLCcm) a malignant tumour
was obtained exhibiting angiogenesis in vivo,
capacity of self-renewal and expressed markers associated to stem cell properties and
undifferentiated state such as Nanog, Rex1,
Eras, Esg1 and Cripto. In contrast, when control
Nanog iPSCs were implanted into Balb/c nude
mice formed typical teratomas displaying contained differentiated tissues without metastasis. Thus a new model of CSC-like cells generated exclusively under the influence of the
microenvironment was proposed [9].
In the present study, we show the generation of
a novel pancreatic iPSC-converted cancer stem
cell lines (CSCcm) together with the subsequent characterization of the tumours obtained
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as a result from the transplantation of the
CSCcm lines in vivo demonstrating that CSCcm
is a promising cutting-edge model for the study
of PDAC occurrence and progression.
Material and methods
Cell culture
Human pancreatic carcinoma cell lines PK-8
and KLM-1 (RIKEN cell Bank, Japan) were cultured in RPMI 1640 Sigma, 10% FBS and 100
U/mL Penicillin. Prior to use, CM was centrifuged at 1000 rpm for 5 min and filtered using
0.22 µm diameter pore filter (Millipore, Ireland).
Undifferentiated feeder-less Nanog iPSCs were
seeded at 5×105 cells/mL and maintained with
iPSCs medium (DMEM D5796 Sigma, 15% FBS,
2 mM L-Glutamine, 0.1 mM NEAA, 50 U/mL
Penicillin and 50 U/mL Streptomycin, 0.1 mM
2-mercaptoethanol), without LIF and in combination with the CM from PK-8 and KLM-1 cell
lines during 30 days. The medium was changed
every 24 h. Primary cultures from 1st CSCcm,
2nd CSCcm and 3rd CSCcm of PK8CM and KLM1CM mouse allografts were prepared as Chen L
and Kasai T et al. [9]. After 24 h cultures were
enriched with 1 mg/mL puromycin and medium
was replaced every 24 h. Cells were maintained
no longer than the 5th passage.
Sphere formation assay
CSCcm spheres were generated as previously
described [9].
Animal experiments
Balb/c-nu/nu, female, 4-week old were purchased from Charles River, Japan. For subcutaneous transplantation cells were suspended in
100 µl of HBSS buffer. Pancreatic orthotopic
transplantation was performed as described
by Bruns et al. 1999 [40] with the only variation in the number of implanted cells (105/20 µl
and 106/20 µl HBSS). The mice were housed
in accordance with the plan of animal experiments reviewed and approved by the ethics
committee for animal experiments of Okayama
University under the IDs OKU-2008211, OKU2009144, OKU-2010179 and OKU-2011-305.
Histologic analysis
Tumours were fixed in 4% PFA (WAKO, Japan),
embedded in paraffin-wax and sectioned for
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histologic examination at 5 µm. Sections were
stained with Hematoxylin (Sigma-Aldrich, MO;
0.5%) and Eosin Y (Sigma Aldrich, MO).
Immunohistochemistry (IHC)
Paraffin-embedded (FFPE) blocks were serially sectioned and IHC were performed using
Ellite anti-rabbit and anti-mouse ABC staining
Vectastain kit (Vector, MI). Primary antibodies
and dilutions Rabbit polyclonal CD133 1:100
(#NB120-16518, Novus Biologicals, USA), Rabbit monoclonal GFP 1:200 (#2956, Cell Signaing, MA), Mouse monoclonal MUC1 1:100
(#ab15481, Abcam, UK), Mouse monoclonal
MUC5aC 1:200 (#NCL-MUC-5AC, Novocastra,
Leica Biosystems Newcastle, UK), Mouse monoclonal PTF1a 1:100 (#sc-393011, Santa Cruz
Biotechnology INC., Europe).
RNA preparation and RT-qPCR
Total RNA was isolated by RNeasy Mini Kit
(QIAGEN, Germany) and treated with DNase
Amplification Grade (Invitrogen, CA). cDNA synthesis was performed using SuperScript III
First strand kit (Invitrogen, CA). RT-qPCR was
performed with Cycler 480 SYBR Green I Master mix (Roche, Switzerland). Primers used
were as following, CD24a 5’-TTCTGGCACTGCTCCTACC-3’ and 5’-GCGTTACTTGGATTTGGGGAA-3’, CD133 5’-CCTTGTGGTTCTTACGTTTGTTG-3’ and 5’-CGTTGACGACATTCTCAAGCTG-3’,
B-Catenin 5’-TCCCATCCACGCAGTTTGAC-3’ and
5’-TCCTCATCGTTTAGCAGTTTTGT-3’, PI3K 5’-TGGGACCTTTTTGGTACGAGA-3’ and 5’-AGCTAAAGACTCATTCCGGTAGT-3’, Akt 5’-GGCCCCTGACCAGACCTTA-3’ and 5’-GATAGCCCGCATCCACTCTTC-3’, Pdx1 5’-ATTCTTGAGGGCACGAGAGC-3’
and 5’-GGTCCGTATTGGAACGCTCA-3’, Foxa2
5’-TGGTCACTGGGGACAAGGGAA-3’ and 5-‘GCAACAACAGCAATAGAGAAC-3’, Hes1 5’-CGGCATTCCAAGCTAGAGAAGG-3’ and 5’-GGTAGGTCATGGCGTTGATCTG-3’, Kras 5’-CAAGAGCGCCTTGACGATACA-3’ and 5’-CCAAGAGACAGGTTTCTCCATC-3’, EpCAM 5’-CTGGCGTCTAAATGCTTGGC-3’
and 5’-CCTTGTCGGTTCTTCGGACTC-3’, Tg Klf4
5’-GCGAACTCACACAGGCGAGAAACC-3’ and 5’TTATCGTCGACCACTGTGCTGCTG-3’, Tg c-Myc 5’CAGAGGAGGAACGAGCTGAAGCGC-3’ and 5’-TTATCGTCGACCACTGTGCTGCTG-3’.
RNA-seq library construction and sequencing
Isolation of total RNA was performed using
QIAGEN RNeasy kit. RNA samples were pre-
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pared for sequencing using Illumina TruSeq
RNA Sample Preparation Kit and were sequenced in an Illumina HiSeq 2500. Sample preparation, RNA-sequencing and Bioinformatic
analysis were carried out by Fligen, INC. (Novogene, Nagoya Japan).
Results
iPSCs-converted CSCs (CSCcm) display CSCs
features
As described in the protocol established by
Chen L and Kasai T et al., to generate a model
of pancreatic CSCs, iPSCs were exposed to different conditioned medium (CM) from pancreatic carcinoma cell lines PK-8CM and KLM1CM, a process named as conversion (Figure
1A) [9]. Similarly to the established protocol,
iPSCs were maintained in feeder-less conditions and the Leukemia inhibitory factor (LIF)
which is essential for their viability was removed from the medium and thereby restricting
them to the effect exclusively of the conditioned medium. Whereas the iPSCs cultured
only with iPSCs media without LIF expired after
7 to 10 days (Figure 1B), the viability and proliferation of the cells maintained in presence of
conditioned medium was not affected. Nanog
iPSCs cells were generated by the retrovirusmediated introduction of the four factors Sox2,
Oct3/4, Klf4 and c-Myc into the Nanog-GFPIRES-Puror of mouse embryonic fibroblast [42],
therefore iPSCs could be monitored throughout
the conversion by the GFP expression as a validation of the stemness. The population of converted cells displayed a diverse pattern of differentiation harbour cells expressing strong to
moderate GFP and other differentiated cells
which the expression was null. Once the process was completed the cells were termed as
CSCcm PK8 and CSCcm KLM-1 and their stemlike properties were tested through sphere suspension assay (Figure 1B).
Since the CSCcm population was heterogeneous, in order to ensure a high frequency of cells
displaying CSC-like properties, 104, 105 and
106 cells from the two new pancreatic CSCcm
lines were subcutaneously transplanted into
immunocompromised Balb/c nude mice. After
30 days, CSCcm engrafted and generated tumours in 9 out of 9 mice for each cell line indicating experimental reproducibility and demonstrating their tumorigenic potential. Chen and
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Figure 1. Conversion. A. Representative scheme of the conversion procedure. B. Viability of iPSCs maintained in control medium without LIF was no longer than 10 days. iPSCs underwent differentiated with no remaining GFP positive
cells and eventually expired (upper panel). Stemness tracking during conversion by the presence of GFP protein.
Self-renewing potential was validated by sphere formation assay previously to the subcutaneous implantation (lower
panel). Original magnification 4× and 20×.

Kasai et al. previously shown that iPSCs cultured under control medium generated benign
teratoma. Consistently, the xenograft tumours
histology showed specific characteristics that
resembled the actual pancreatic ductal adenocarcinoma phenotype. Primary tumours were
rich in stroma and among the epithelial-like
structures pancreatic intraepithelial neoplastic
(PanIN) lesions were found together with mod2802

erate to poorly differentiated ductal structures
(Figure 2A). To further validate the PDAC-like
structures arose from CSCcm we explored the
expression of GFP protein in primary tumour.
GFP expressing cells were found all over the
tissue samples and although it was predominantly located by undifferentiated cells few
epithelial cells from ductal-like structures
remained positive for its expression (Figure
Am J Cancer Res 2016;6(12):2799-2815
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their up-regulation was
already observed in CSCcm and was similarly
detected or even enhanced in primary cultures
(1st CSCcm) (Figure 2C)
confirming their acquisition of CSCs features.
Primary cultures 1st CSCcm were enriched by
puromycin obtaining the
corresponding lineage
from the top of the cell
hierarchy system and
avoiding the intrusion
of cells from the host.
As compared to CSCcm
it was noteworthy that
1st CSCcm generated a
specific cell distribution
composed by well-defined colonies surrounded by myofibroblast-like
cells most likely PSCs
(pancreatic stellate cells). This particular feature of generating a
spontaneous self-supporting system for the
integrity and maintenance of the 1st CSCcm
population was not observed neither in iPSCs
control nor CSCcm cultures, therefore might
be considered as an indicative of their enhanced malignant transformation (Figure 2D).
Serial transplantation
leads to a more established PDAC phenotype
Figure 2. Malignant transformation and CSCs features. A. Histopathological features of 1st CSCcm primary tumours were evaluated by H&E staining. Specific PanIN
lesions are indicated with arrowheads. Original magnification 10× and 20×. B. Lineage tracing by GFP protein showed that it was predominantly expressed in undifferentiated cells, however was also partially found in ductal-like structures. Original
Magnification 10× and 20×. C. RT-qPCR analysis of CSCs markers CD133, CD24a
and EpCAM in converted cells CSCcm and primary cultures 1st CSCcm. D. Cell distribution of primary cultures (1st CSCcm) after puromycin enrichment.

2B). When the expression of specific CSC markers CD133, CD24a and EpCAM was evaluated,
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With the purpose to
assess whether CSCcm
display long-term tumorigenic potential we performed serial transplantation. Thus, cells from
1st CSCcm were transplanted into secondary
and subsequently into a tertiary nude mouse
(Figure 3A). Similarly to the primary culture the
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Figure 3. Tumorigenic Potential. A. Serial transplantation scheme and images from sequential excised tumours
obtained from subcutaneously transplanted CSCcm and 1st CSCcm primary cultures. Primary tumours and their
corresponding metastatic liver nodes generated from orthotopically implanted 2rd CSCcm cells are also shown. Experiments were equally performed for both PK8CM and KLM1CM lines. B. Micrographs from serial primary tumours
showing the histopathological adenocarcinoma-like morphology by H&E staining. Original magnification 4×.

Table 1. Primary CSCcm tumours from
PK8CM cell lines and KLM-1CM cell lines
obtained after the serial transplantation
Primary Tumours
1st CSCcm PK8
2nd CSCcm PK8
3rd CSCcm PK8
1st CSCcm KLM1
2nd CSCcm KLM1

3rd CSCcm KLM1

Time Volume
Metastasis
(days) (mm3)
30
2300
No
25
2600
No
20
3000
Liver
30
2500
No
28
2100
No

18

3000

Liver

cells from secondary culture (2nd CSCcm) as
well as tertiary cultures (3rd CSCcm) were enriched by puromycin. Thereby 1st CSCcm PK8
and 1st CSCcm KLM-1 were subcutaneously
transplanted giving rise tumours within a short
period of time of 25 days. Next, 2nd CSCcm
PK8 and 2nd CSCcm KLM-1 were subsequently
transplanted, however this time cells were
orthotopically transplanted into the pancreas
generating tumours within 15-20 days. Orthotopic tumours were remarkably bigger and specific liver metastasis was found (Table 1).
Interestingly, subcutaneously transplanted tumours displayed indistinguishable histopathological morphologies whereas orthotopic primary tumours were richer in stroma mostly
located in the inner mass and less epithelial
ductal-like structures were found at the edges
of the tumour. This may likely be due to difference in differentiation time whereby the myofibroblast-like phenotype is acquired earlier the
epithelial-like phenotype requires a longer period of time (Figure 3B).
When the liver metastatic nodes were examined a remarkable difference in the histopathological features was observed. Unlike primary
tumours, liver metastatic nodes displayed a
teratocarcinoma phenotype containing very
few structures corresponding to PDAC. To determine that CSCcm had the ability to metastasise we searched evidences of GFP protein. Its
expression was strongly localised in areas with
undifferentiated embryonic-like cells and no
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evidences were seen in more differentiated
regions (Figure 4A). This difference made us
question the integrity of CSCcm and whether a
possible reversion towards the iPSCs phenotype was occurring. Nonetheless, complementary lines of investigation by our group reported
tumours harbouring adenocarcinoma phenotype when transplantations were held into
mammary gland and confirmed the teratocarcinoma phenotype when transplanted directly
into the liver most likely because of the strong
endocrine potential that liver microenvironment owns (data not shown). Thus, determining
the major influence that the microenvironment
exerts on the CSCcm fate.
Given that the reprogramming of iPSCs was
performed with the proto-oncogenes Sox2,
Oct3/4, Klf4 and c-Myc, and that the implication specifically of c-Myc and Klf4 have been
linked to PDAC we explored the expression of
the transgenes in order to determine that there
was no residual activity (Figure 4B). Hence,
strongly supported that the malignant transformation arose by means of the intrinsically activated mechanisms of the cells.
Even though the resulting CSCcm populations
from the serial transplantation gave rise to
more aggressive phenotype, with regard to the
assessment of pancreatic CSC markers intriguingly a decreased expression was observed in
2nd CSCcm and 3rd CSCcm suggesting a possible establishment of the lineage that results
into more differentiated pancreatic cancer cells
(Figure 4C). This is later discussed by RNA-seq
DEG analysis that demonstrated an up-regulation of the pancreatic cancer cell hallmarks
(Figure 7C).
Characterization of CSCcm lines and primary
tumours by PDAC hallmarks
Bailey P. et al. (March 2016) presented a new
definition for 4 pancreatic cancer subtypes
based on an integrated genomic analysis.
Among these 4 different subtypes is found the
pancreatic progenitor class wherein the main
transcriptional networks are comprised by tran-
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Figure 4. Established PDAC phenotype. A. Comparison of the histopathological features between 3rd CSCcm primary
tumours and 3rd CSCcm liver nodes. 3rd CSCcm primary tumours displayed adenocarcinoma-like phenotype while a
clear teratocarcinoma structure was found in liver nodes. GFP protein expression was shown to be located in undifferentiated cells areas within the liver metastatic nodes. Original magnification 10×. B. Agarose gel images from RTqPCR products for the detection of Klf4 and cMyc transgenes. GAPDH was taken as a housekeeping control gene.
C. RT-qPCR analysis of the preferentially expressed CSCs markers in a panel of serial transplantation samples. D.
Pancreatic progenitor markers Pdx1, Foxa2 and Hes1 transcript levels and Kras mRNA expression levels were analysed through RT-qPCR analysis in a panel of all serial transplantation samples.

scription factors involved during the embryonic
pancreatic differentiation [10]. In order to ass2806

ess PDAC characteristics in the serial CSCcm
lines, we hypothesise that CSCcm populations
Am J Cancer Res 2016;6(12):2799-2815
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lations most likely due to the
uncontrollable fate of the lineage, the up-regulation was apparent for all pancreatic progenitor markers as well as it was for
Kras (Figure 4D). Likewise to the
described pancreatic progenitor
class, the adenocarcinoma markers MUC1 and MUC5aC were
co-expressed in all CSCcm tumours samples (Figure 5) specifically located at the membrane of epithelial ductal cells.
Interestingly few structures that
presented ductal ectasia displayed strong expression in the
infiltrating immune cells. Therefore these evidences infer in the
achievement of CSCcm lines to
recapitulate the PDAC phenotype.
A possible model for lineage
tracing ADM events
The acinoductal metaplasia (ADM) describes the process whereby the islet neogenesis is accompanied by the transdifferentiation of the normal exocrine tissue into ductal complexes. This
pancreatic metaplasia may turn
into a premalignant state by
means of progressive changes
in the ductal epithelium that
gives rise to PanIN lesions and
may eventually lead to the progression of PDAC [11, 12]. Thus,
proposed linear progression moFigure 5. PDAC hallmarks. The adenocarcinoma phenotype was evaluated through the co-expression of the apomucinous of MUC1 and MUC5aC
dels for PDAC where ductal cells
which were predominantly located in the membrane of ductal structures.
evolve into hyperplastic and laInfiltrating ductal immune cells also displayed high expression was also
ter into dysplastic epithelium
observed in mucinous ductal ectasia (MDE). Original magnification 10×.
resulting in an invasive carcinoma had to be reconsidered since
there are no formal evidences of
these sequential events. Instead, in vitro and
most likely may share similar molecular pattern as found in the pancreatic progenitor subgenetically engineered mouse models of PDAC
types. Within the main transcription factors
have shown that tumours can arise from acinar
described by Bailey P. et al., PDX1, FOXA2 and
cells [7].
HES1 were cited to be essentially expressed in
When orthotopically transplanted 3rd CSCcm
the progenitor subtype. Thus, their transcript
tumours were examined in detail large regilevels were examined along with the Kras
ons composed of highly desmoplastic stroma
which is well-known to be involved in PDAC.
could be seen surrounding clusters of cells that
Despite the variation found between the popu-
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Figure 6. Acino-ductal metaplasia. A. H&E staining of cluster cells areas with acinar morphology and ADM structures
found in 3rd CSCcm primary tumours. B. Images showing evidences of ADM transition originated from acinar structures (arrowheads) indicated as 1, acino-ductal interphase as 2 and final ductal-like acquired phenotype 3. C. Cell
clusters and few ductal cells were positive for the acinar marker Ptf1a. GFP was equally predominantly located in
cell clusters and few cells from ductal epithelial cells. D. RT-qPCR of the relative transcript levels for PI3K, AKT and
β-catenin (from left to right) in a panel of the samples obtained from serial transplantation. Micrographs original
magnification 10× and 20×.

resembled the acini morphology. Moreover,
multiple ducts were also found to co-localize
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with the acinar-like areas and few of them
showed evidences of ADM transition (Figure
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Figure 7. Molecular characterization. A. Venn diagram shows the differentially expressed genes (DEG) of the 5 possible combinations among the CSCcm PK8 lines (upper), and the combination of 1st CSCcm, 2nd CSCcm and 3rd
CSCcm versus the CSCcm (lower). B. Representative cluster analysis among the four CSCcm PK8 lines (right). The
colour range represents the log10 (FPKM+1) value from large (red) to small (blue). Main oncogenes and CSCs markers implicated in PDAC carcinogenesis were enlarged (left). C. Volcano plots for the differentially expressed genes
screening (DESeq) distributed in significantly up-regulated genes (red), donw-regulated (green) and not differentially
expressed (blue). Threshold set as: |log2(FoldChange)| > 1 and qvalue < 0.005.

6A, 6B). With the purpose to determine the
acinar phenotype the presence of the protein
Ptf1a was assessed. The resulting Ptf1a expression was specifically located in the cell clusters demonstrating a primary level of acinar
differentiation. In addition, few PanIN lesions
together with well-differentiated ductal struc2809

tures were found nearby the acinar-like cells
and the intermediate stages of ADM. The expression of GFP was found to co-localized in the
Ptf1a positive cell clusters validating the acinar cells as the lineage of CSCcm (Figure 6C).
Supporting these evidences we detected the
overexpression of Akt which through the PI3K/
Am J Cancer Res 2016;6(12):2799-2815
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Akt pathway have been reported to be involved
in the acinar dedifferentiation along with the
accumulation of the β-catenin in the cytoplasm that has also been associated (Figure 6D)
[13-16]. Since it is important to elucidate whether the process of dedifferentiation plays
an important role in the appearance of early
events in pancreatic cancer our CSCcm model
may be suitable for lineage tracing how acinar
cells undergo into dedifferentiation losing its
mature features and discern whether eventually develop a malignant transformation.
Molecular characterization confirms the acquisition of CSC features and a subsequent established PDAC pattern
To further validate the molecular nature of
the CSCcm from PK8CM lines a transcriptome
analysis by RNA-sequencing was performed.
The expression quantification of 35,276 total
described genes was estimated by Fragments
Per Kilobase Million (FPKM) [log10(FPKM+1) value] and members from the transcriptional pancreatic progenitor network Pdx1, Hes1, Foxa2,
Hnf1a, Hnf4a, Pax6, Nr5a2, Rbpj, Rbpgl, MafA
and MafB were found to be expressed together
with PDAC related hallmarks such as Kras,
Krt19, Col8a1, Col1a1, Cxcr4, Muc1, Muc5aC,
Mmp2 or Malat1 as well as the most representative pancreatic CSC markers CD133, CD24a,
EpCAM and CD44.
Analysis for the differentially expressed genes
(DEG) of single tumours were applied based on
the following comparisons: i) 1st CSCcm
(CSCcm8_1), 2nd CSCcm (CSCcm8_2) and 3rd
CSCcm (CSCcm8_3) to CSCcm (CSCcm8), ii) 1st
CSCcm to 2nd CSCcm and iii) 2nd CSCcm versus
3rd CSCcm. Venn diagrams indicated 1st CSCcm
to bear a particular transcriptome programme
among the 4 groups (Figure 7A). Thus, to gain
insights of the similar expression patterns DEG
data were arranged in a cluster analysis using the log10(FPKM+1) value which revealed
CSCcm and 3rd CSCcm to be closer in expression whereas the 2nd CSCcm slightly differed
and finally corroborated 1st CSCcm as the most
differentially expressed group (Figure 6B). The
gene identification and their corresponding
localization within the heat map suggested
possible new roles for already described genes
in PDAC. Pdgfrb and Cdkn2a which are known
to participate in the development and progression of PDAC [17, 18] co-localise with the CSC
2810

markers EpCAM and CD44 which leads to question their level of implication in the acquisition
of the CSC-like genotype pattern (Figure 7B).
In order to elucidate potential candidates involved in the malignant transformation the distribution of differentially expressed genes (DESeq) was analysed for each of the aforementioned comparisons and represented in volcano plots |(log2 (FoldChange)| > 1&qvalue <
0.005) (Figure 7C). The transcript levels of
pancreatic CSC markers CD24a, EpCAM and
CD44 were remarkably enhanced in 1st CSCcm
whilst decreased in the subsequent generations. Instead, the popular hallmarks of PDAC
Kras, Krt19 and Myc were notably activated in
2nd CSCcm and persisted in 3rd CSCcm. Suggesting that the fate of the 1st CSCcm lineage
may probably be established. The activation
of Nr5a2 which its heterozygosity has been
recently proposed to likely contribute to the
occurrence of the PDAC [38], was sustained in
2nd CSCcm whereas in 1st CSCcm was dysregulated. Interestingly, the expression of GATA6
which have been found to be spontaneously
lost in mouse model of Kras(G12V)-driven
PDAC was not found in any of the groups [39].
On the other hand, the original converted cell
line CSCcm only differed from 2nd CSCcm in the
increased expression of Krt19 and the activation of PI3K in 3rd CSCcm. Since tumours from
all CSCcm lines were rich in desmoplastic stroma we sought for corresponding PSCs markers.
Col8a1, Col1a1 and Col1a2 including TIMPs
and Mmp2 which have been linked to tumour
progression and invasion [19-21] were observed in 1st CSCcm. In addition, family members
from CXC/CC chemokines Ccl2, Cxcl1 and Cxcl5
that are reported to favour the occurrence,
maintenance and progression of the tumour
[22] were also expressed in a correlated manner with PSCs markers. In overall, DESeq analysis consistently supported the gain of CSCs
features and the established PDAC molecular
pattern in the subsequent generations of CSCcm. Nonetheless a full transcriptome comparison between other RNA-seq datasets from
other tumour types would be required.
“Mutation or not mutation-that is the question”
There is a wide range of genetic abnormalities
in PDAC most of them derived from somatic single nucleotide variants (SNVs). In particular, the
activation of the point mutation in Kras codon
Am J Cancer Res 2016;6(12):2799-2815
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12 has an 85-90% of prevalence in PDAC
cases. Several mouse models have demonstrated that endogenous expression of oncogenic Kras G12D induces phenotypic changes
at molecular and cellular levels that eventually
recapitulate PDAC [7, 23-25].
The variants obtained from the screening of
repeated reads showed no evidences of single
point mutation in Kras codon 12 nor 13 for any
of the groups. In fact, the resulting variants
were found to be located in the 3’-UTR region of
the oncogene and were present in all CSCcm
lines. To discern whether the Kras variants had
any biological relevance in the malignant transformation of the CSCcm, and due to iPSCs have
a high SNPs variability, we decided to screen
the mouse strains sources from where the original fibroblast was obtained previously to the
iPSCs reprogramming [26]. Through the database platforms http://www.informatics.jax.org
and http://www.sanger.ac.uk, DBA mouse strains which are supposed to compose the 50%
of the fibroblast genome were found to harbour
the exact Kras SNPs as CSCcm lines. Likewise,
the presence of INDELs were not localised within the oncogene. Thereby, there were no evidences of correlation between the SNPs found
in Kras and the malignant transformation.
Discussion
PDAC also known as pancreatic ductal adenocarcinoma is the most representative form
of pancreatic cancer. PDAC is characterised
by heterogeneous population of tumour cells
structured in CSCs, differentiated cancer cells,
tumour-associated PSCs and immune cells [1,
4, 6]. Similarly to iPSCs, CSCs are considered
as cells bearing stem cell properties that give
rise to a diverse lineage of cancer cells. Driven
by this convergence between CSCs and iPSCs,
we opened a new avenue to generate new cell
lines endowed of CSCs properties and enable
to recapitulate the PDAC tumour phenotype.
Based on the observations that the xenograft
tumours generated from CSCcm lines recapitulate the ductal adenocarcinoma phenotype,
and that puromycin-enriched primary cultures
ensured to start over from the top of the hierarchy where CSCs are residing, we can postulate
that CSCcm indeed give rise heterogeneous
progenies composed by more differentiated
cancer cells and PSCs in a hierarchical manner.
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Nevertheless, it is important to note that our
results have pointed out 1st CSCcm lines as the
potential candidates to represent the pancreatic CSCs. Thus, even though the conditioned
medium from cancer cell lines provides an
appropriate microenvironment able to initiate a
malignant transformation, it is not until CSCcm
get in touch with an in vivo system that the
CSCs features become robust at the level of
transcriptome. Supporting this, clear experimental evidences were seen when enriched
primary cultures from 1st CSCcm generated
a particular cell distribution wherein specific
myofibroblast-like cells arose favouring the
maintenance and stability of the CSCcm colonies. Therefore, the intervention of the organisms is still essential. Certainly, this reliance on
in vivo systems is an unresolved matter that
must eventually be overcome. Recent studies
in the tumour microenvironment (TME) have
provided new insights about how the cancerous niche plays a significant role in disease
progression sustaining cell proliferation, activating invasion and metastasis [27]. It has
been appreciated for some time the influence
of the TME, but the precise function of each
constituent remains unknown. We expect that
future analysis on the components of the conditioned medium from cancer cell lines will help
to elucidate new mechanisms to optimize the
conversion of CSCcm and end up being independent of the murine organisms.
Important early steps in pancreatic tumour initiation and progression are the genome reprogramming and dedifferentiation. Thus, the acino-ductal metaplasia has a relevant implication in the development of the pancreatic cancer. We observed that CSCcm tumours also
generated ADM. In order to confirm the acinar
phenotype the expression protein Ptf1a was
sought in tumour samples and strong expression was found in the cell cluster structures.
The expression of Hes1 together with Ptf1a are
attributed to the characterization of centroacinar cells (CACs) which have been ascribed to
bear stem-like features [7, 28]. Since the RNAseq expression quantification analysis indicate Hes1 as one of the most highly expressed
genes, prompted us to question whether Ptf1a
positive cells found in CSCcm tumours are
either acinar or CACs. Further experiments will
be required in order to clarify the real identity of
the cells responsible for the ADM transition.
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Pdgfrb and Cdkn2a were found to be highly
expressed in 1st CSCcm and strongly decreased
in the rest of the groups. The overexpression of
Pdgfrb has been linked to a poor disease-free
survival promoting metastasis in a cell-autonomous manner in mutant p53 mice and glioma
stem cells have been reported to preferentially
express PDGFRb which its activation promotes
self-renewal and its depletion completely abrogated their tumorigenicity [17, 29]. Intriguingly,
CDKN2a acts as a tumour suppressor and is
usually aberrant in 95% of pancreatic cancer.
This alteration may be due to either an abnormal methylation or several reported germline
mutations which leads to its inactivation [18,
35]. When SNPs in Cdkn2a were screened in
CSCcm lines there were no evidences of single
point mutations, but a single INDEL C < CAA
located in the 3’-UTR region in Cdkn2a was present only in 1st CSCcm group. Nevertheless the
same INDEL was found in the murine genome
but neither relevant clinical nor functional information has been described so far. Thus, the
sudden enhanced expression of Pdgfrb may be
related to the CSCs phenotype of 1st CSCcm.
On the other hand, from the results obtained
for Cdkn2a we could not discern properly its
implication, although its sudden downregulation in 2nd CSCcm and maintained in 3rd CSCcm
may be linked to the establishment of the PDAC
phenotype.
As it has been previously aforementioned, the
frequency of single point mutations in Kras
occur at 85-90% in pancreatic cancer [25, 30,
31]. The activation of the oncogenic Kras together with its downstream effector Myc have
been implicated in self-renewal and tumour
plasticity events such as dedifferentiation [24].
In our study we demonstrated that the tumorigenicity of CSCcm and consequent recapitulation of PDAC phenotype is not given by variants
in the oncogene Kras since no formal evidences were found in SNPs analysis. However, this
premature idea should be developed in extended eQTLs analysis which will provide information at the level of genotype-gene relation in
addition to karyotype and genomic profiling
analysis that would enable clear discrimination.
MYC is generally overexpressed in PDAC. In
accordance to this DESeq analysis showed
increased expression of Myc in the 2nd CSCcm
generation, however it is important to note that
it was remarkably downregulated in 1st CSCcm.
Recent findings on genome-wide DNA methyla2812

tion profiling in pancreatic CSCs determine CpG
sites annotated to Myc to be more methylated
[5]. This may be correlated with the overexpression of Dnmt3a and Dntm3b observed in 1st
CSCcm and the subsequent downregulation in
2nd CSCcm. The predominant modification of
DNMTs is the catalysis of the DNA methylation
at 5-position cytosine. Dntm3a and Dnmt3b
function as de novo methyltransferases and
are highly expressed in embryonic cells and
down-regulated in adult tissues. They have also
been involved in self-renewal and maintenance
of colon cancer stem cells, and pancreatic cancer patients with higher levels have been significantly attributed to have an overall lower
survival [41]. Thereby, the activation of Kras
and Myc are required but not sufficient to
originate a PDAC tumour and their turnover
between 1st CSCcm and more differentiated
2nd CSCcm may be tightly related to epigenetic
alterations.
In the context of inflammation, the combination
of Kras and the activation of NFkB have been
reported to induce the conversion of non-stem
into stem cell properties of intestinal epithelial
cells (IEC) through the stabilization of β-catenin
[32]. Despite there are not strong evidences in
pancreatic cancer models that implicate NFkB
in PDAC progression [25], it was noteworthy
that in 2nd CSCcm the levels of NFkB arose as
Kras and Myc did. Experimental evidences are
required to evaluate whether the acquisition
of stem-like features may arise in a stochastic
way since our model is based on iPSCs, however this fact may involve NFkB pathway in the
prevalence of the CSCcm in pancreatic cancer
cells progeny. On the other hand, inflammatory cells constitute an important part of the
stromal tissue in pancreatic cancer and the
existence of a consistent feedback between
PSCs and CXC/CC chemokines family members makes to consider them as potential
candidates to be effectors in the occurrence
and progression of the tumour [19-22]. Hence,
these facts were corroborated with our DESeq
data which indeed showed that the PSCs
markers Col81a, Col1a1, Col1a2 were correlated with the expression of Ccl2, Cxcl1 and
Cxcl5 chemokines interestingly with the stimulation of the CSCs markers overexpression.
In addition, IL-33 is known to activate mast
cells and stimulate pro-inflammatory cytokine
production and has been found to be expressed in the nuclei of activated PSCs [36, 37].
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Intrapancreatic mast cells also express the
cytokine stem cell factor (SCF) which plays a
constitutively important role in proliferation
and survival of pluripotent progenitor cells together with its receptor proto-oncogene tyrosine-kinase KIT (cKIT) [33, 34]. Although pancreatic cancer cells express cKIT, its role in CSCs
still needs to be elucidated. Interestingly, in the
expression quantification analysis it appears
to be overexpressed and DESeq results highlighted a differential expression of cKit in 1st
CSCcm indicating that it could be a potential
target to abrogate the acquisition of CSCs properties. Thus, the aforementioned results notably remark the involvement of the inflammatory
system as the main effector for the acquisition
of the CSCs properties.
Pancreatic CSCcm is a feasible model for pancreatic CSCs which recapitulates PDAC phenotype. It is important to note that the conversion process has not been achieved under any
genetic manipulation and the present study
has demonstrated a preliminary analysis where
the expected single point mutations were not
found. Therefore, our model may provide new
insights about the actual occurrence of the
pancreatic cancer leading to develop different
approaches for the early detection and find
new effectors in order to target CSCs and abrogate the progression of this fatidic disease.
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