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ABSTRACT
Increasing evidence has confirmed the existence of cancer stem cells (CSCs) in both hematological
malignancies and solid tumors. However, the origin of CSCs is still uncertain, and few agents have been
capable of eliminating CSCs till now. The aim of this study was to investigate whether bulk pancreatic
cancer cells could convert into CSCs under certain conditions and explore whether metformin and
curcumin can kill pancreatic CSCs. Aspc1, Bxpc3 and Panc1 pancreatic cancer cells were cultured in stem
cell culture medium (serum-free Dulbecco’s modified Eagle medium/Nutrient Mixture F-12 containing
basic fibroblast growth factor, epidermal growth factor, B27 and insulin) for 5 days and it was found that
all the pancreatic cancer cells aggregated into spheres and expressed pancreatic cancer stem cell surface
markers. Then characteristics of Panc1 sphere cells were analyzed and cytotoxicity assays were performed.
The results show that Panc1 sphere cells exhibited CSC characteristics and were more resistant to
conventional chemotherapy and more sensitive to metformin and curcumin than their parent cells. These
findings suggested that bulk pancreatic cancer cells could acquire CSC characteristics under certain
conditions, which may support the “yin-yang” model of CSCs (interconversion between bulk cancer cells
and CSCs). These results also showed that metformin and curcumin could be candidate drugs for
targeting pancreatic CSCs.
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Introduction

The cancer stem cell hypothesis proposes that cancer stem cells
(CSCs) comprise only a small proportion of tumor, have pow-
erful self-renewal capacity and tumor-initiating ability.1,2 CSCs
share similar cell surface markers and self-renewal pathways
with normal stem cells, have potent differentiation capacity
and are resistant to chemotherapy and radiation.1,2 Conven-
tional anticancer therapies kill the rapidly proliferating bulk
cancer cells but spare the relatively quiescent CSCs, resulting in
cancer recurrence.

CSCs were first identified in acute myeloid leukemia
(AML).3,4 Till now, CSCs have been isolated in most hema-
tological malignancies and solid tumors. Li et al. first iso-
lated pancreatic CSCs from primary pancreatic cancer cells
using the cell surface markers CD44, CD24 and ESA in
2007.5 These CD44+CD24+ESA+ pancreatic CSCs repre-
sented a small minority (only 0.2-0.8%) of the total tumor
cells but were 100 times more tumorigenic than bulk cancer
cells. Huang et al. identified pancreatic CSCs expressing
CD44 and CD24 in the Panc1 pancreatic cancer cell line, in
which only 2.1-3.5% of the cells were CD44+CD24+. Com-
pared with CD44-CD24- Panc1 pancreatic cancer cells,
CD44+CD24+ CSCs have a 20-fold higher tumorigenic

potential but a lower growth rate in vitro.6 In the Bxpc-3
and Panc03.27 pancreatic cancer cell lines, slowly cycling
cells exhibited chemotherapy resistance, an epithelial-to-
mesenchymal transition (EMT) fingerprint and increased
invasive potential and tumorigenic potential, indicating that
the slowly cycling pancreatic cancer cells were CSCs.7 Gav-
irhi et al. showed that Panc1 cells aggregated to form
spheres in serum-free Dulbecco’s modified Eagle medium/
Nutrient Mixture F-12(DMEM/F-12) containing B27, fungi-
zone, heparin, fibroblast growth factor(FGF) and epidermal
growth factor(EGF), and the sphere cells showed increased
tumor-initiating ability and aggressiveness, which are CSC
characteristics.8

Although the characteristics of CSCs have been studied
extensively in recent years, there is still some debate about the
CSC hypothesis and the origin of CSCs is still uncertain. Tumor
heterogeneity has been explained by 2 different models. One
model is the stochastic (or clonal evolution) model, which
states that most or all cancer cells have inherent tumorigenic
potential.9,10 The other model is the hierarchy model, in which
only a small subset of cells, i.e., CSCs, can initiate tumor forma-
tion.9,10 Some researchers have proposed a more dynamic
model, i.e., the yin-yang model of CSCs, in which cancer cells
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consist of varying growing or replicating populations (yang)
and slow growing or non-dividing populations (yin), and the 2
populations may interconvert.11 Many studies have shown that
CSCs can produce CSCs and bulk cancer cells, whereas bulk
cancer cells can only produce bulk cancer cells.12-15 These
results may support the hierarchy model. Other studies have
found that CSCs and bulk cancer cells can each generate the
other,16,17 which may support the stochastic (or clonal evolu-
tion) model.

Pancreatic cancer is a common malignant neoplasm and has
a poor prognosis, with a low overall 5-year survival rate of
6.7%.18 Currently, the available anticancer therapies for pancre-
atic cancer are still insufficient and the remaining CSCs cause
tumor recurrence after conventional chemotherapy and radio-
therapy. Recently, some compounds have been shown to
inhibit the self-renewal of CSCs in vitro and in vivo. Metfor-
min, a standard drug for the treatment of type 2 diabetes, can
selectively kill CD44high/CD24low breast CSCs,19 CD133+
pancreatic CSCs,20 CD44high/CD24high pancreatic CSCs,21

CD133+ colorectal CSCs,22 ovarian CSCs23 and human glio-
blastoma tumor-initiating cells.24 Curcumin, a food spice
derived from turmeric, can suppress the self-renewal of human
breast CSCs,25,26 colon CSCs,27 laryngeal carcinoma CSCs28

and rat C6 glioma SP cells.29 In this study, whether bulk pan-
creatic cancer cells could convert into CSCs under certain con-
ditions and whether metformin and curcumin can kill
pancreatic CSCs were investigated.

Results

Cell sphere formation

To investigate what percentage of pancreatic cancer cells
can form cell spheres, individual-cell suspensions of Aspc1,
Bxpc3 and Panc1 pancreatic cancer cells were plated in
ultra-low attachment plates in stem cell medium. It was
found unexpectedly that all of the Aspc1, Bxpc3 and Panc1
cells aggregated to form spheres within several hours in
serum-free DMEM/F-12 containing basic fibroblast growth
factor(bFGF), EGF, B27 and insulin (Figure 1A). After hav-
ing been cultured in the medium for 5 days, the cell spheres
were collected by centrifugation, and individual cells were
obtained by trypsin digestion. The number of cells in the
spheres had not increased.This mean the cells in the spheres
are dormant in the culture medium.

Cell immunofluorescence

Cell sphere formation ability is widely accepted as a charac-
teristic of CSCs. So we wonder whether these Aspc1, Bxpc3
and Panc1 sphere cells were CSCs. Firstly we detected the
cell surface markers by cell immunofluorescence. Adherent
Aspc1, Bxpc3 and Panc1 cells cultured in DMEM contain-
ing 10% fetal bovine serum (FBS) only weakly expressed
CD44 and did not express CD24, ESA, CD133 or nestin.
For sphere cells, we found that all the Aspc1, Bxpc3 and
Panc1 shpere cells expressed CD44, CD24, ESA, CD133 and
nestin after they had been cultured in serum-free DMEM/
F-12 containing bFGF, EGF, B27 and insulin for 5 days.
Then we had a dynamic observation and found that all of

the sphere cells did not expressed the stem cell markers
when they had been cultured in the medium for 24 hours
and 48 hours, all the sphere cells began to express the stem
cell markers after more than 72 hours, and strongly
expressed the markers after more than 96 hours (Figure 1B,
C and D). These results suggested that the cell surface
markers of the sphere cells gradually changed. The different
cell markers may mean different cell characteristics.

Flow cytometry analysis

Panc1 cells have been widely used in pancreatic cancer
research. Next, characteristics of Panc1 sphere cells (cul-
tured in serum-free DMEM/F-12 containing bFGF, EGF,
B27 and insulin for 5 days) and Panc1 adherent cells (cul-
tured in DMEM containing 10% FBS) were analyzed. Flow
cytometry analysis revealed that 0.05% § 0.021% (nD3) of
Panc1 adherent cells were CD44+, 0.18%§0.03% (nD3)
were CD24+ and 0.08%§0.01% (nD3) were ESA+
(Figure 2A), whereas 62.99% § 7.931% (nD3) of Panc1
sphere cells were CD44+, 6.58%§0.38% (nD3) were CD24+
and 12.88%§0.39% (nD3) were ESA+ (Figure 2B). The cell
immunofluorescence showed all the cells in the spheres
expressed CD44, CD24 and ESA, while the flow cytometry
analysis showed just a certain percentage of the sphere cells
expressed the markers. This result may due to the sensitivi-
ties and specificities of the 2 analyses are not the same.
Even so, the results of flow cytometry analysis showed that
there were more cells expressed pancreatic CSC markers in
Panc1 sphere cells than in adherent cells (P < 0.001, nD3).

Cell morphology and ultrastructure

HE staining revealed that Panc1 sphere cells had a circular
or fusiform shape with a smaller size and a high nucleus-
to-cytoplasm ratio compared with Panc1 adherent cells,
which had a polygonal or triangular shape (Figure 2C). As
determined by transmission electron microscopy (TEM)
analysis, Panc1 sphere cells exhibited larger nuclei and
fewer cytoplasmic organelles than Panc1 adherent cells
(Figure 2D). These results showed that the morphology;
structure and ultrastructure of the sphere cells are similar
to normal stem cells.

Cell cycle

Cell cycle analysis showed that the number of Panc1 sphere
cells in the G0/G1 phase was significantly higher than for
Panc1 adherent cells (91.19 § 0.66% vs. 60.35 § 1.37%, P <

0.001, nD3), while the number of Panc1 sphere cells in the
S phase was significantly lower than for Panc1 adherent cells
(3.98 § 0.52% vs. 28.86 § 1.01%, P < 0.001, nD3) (Figure 2E).
This result showed that most of the sphere cells are in resting
state while the adherent cells are not.

Cell growth curve

Individual cells of both Panc1 sphere cell and adherent cell
were all cultured in DMEM containing 10% FBS and cell
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proliferation was observed. The result showed that when the
sphere cells were cultured in medium containing serum they
began to proliferate and the growth is significantly slower than
that of the adherent cells (Figure 2F).

Cell spontaneous migration

Suspensions of Panc1 cell spheres (Panc1 cell spheres in
DMEM/F-12 containing bFGF, EGF, B27 and insulin) were
transferred into 96-well plates and serum was added to the
medium. 8 hours later, the spheres had adhered to the bot-
tom. 24 hours later, many cells from the edges of the
spheres had migrated out of the spheres spontaneously
(Figure 3A) and then gradually spreaded in the whole bot-
tom of the plate. This result was an accidental discovery in
our research and meant that the Panc1 sphere cells had an
ability of spontaneous migration like normal stem cells. In
Panc1 adherent cells spontaneous migration had never been
observed.

Hoechst 33342 efflux

After individual cells were incubated with Hoechst 33342
(2.5 mg/ml) for 30 min at 37�C, the fluorescent staining in
Panc1 sphere cells was significantly weaker than in Panc1
adherent cells observed under a fluorescence microscope
(Figure 3B). This result suggested the sphere cells can pump
out Hoechst 33342 like normal stem cells and CSCs.

mRNA levels of Gli1, Notch1, ß-catenin and Oct4

To investigate the activity of self -renewal pathways and the
stem cell gene expression in the cells, we detected the
mRNA levels of Gli1, Notch1, ß-catenin, which play impor-
tant roles in Hedgehog, Notch and Wnt/ß-catenin path-
ways, and Oct4, one of the most important stem cell gene.
The mRNA levels of Gli1, Notch1, ß-catenin and Oct4 in
Panc1 sphere cells were 6.9-fold, 2.2-fold, 2.1-fold and 1.8-
fold higher, respectively, than in Panc1 adherent cells.
These results suggested that the activity of the self -renewal

Figure 1. (A). All of the Aspc1, Bxpc3 and Panc1 cells formed spheres in serum-free DMEM/F-12 containing bFGF, EGF, B27 and insulin. (B, C and D). The sphere cells of
Aspc1, Bxpc3 and Panc1 strongly expressed CD44, CD24, ESA, CD133 and nestin after they had been cultured for more than 96 hours in serum-free DMEM/F-12 containing
bFGF, EGF, B27 and insulin.
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pathways and the Oct4 gene expression in Panc1 sphere
cells were higher than in Panc1 adherent cells.

Ki67, ABCG2(ATP-binding cassette superfamily G member
2), BCL2 and ß-catenin expression
Ki67, ABCG2, BCL2 and ß-catenin expression in Panc1 sphere
cells and adherent cells were detected by cell immunohis-
tochemistry. After we found that the proliferation rate of Panc1
sphere cells was significantly lower than Panc1 adherent cells,
we detect the expression of the proliferation-associated Ki-67

antigen and found that compared with Panc1 adherent cells,
fewer Panc1 sphere cells were Ki67-positive (Figure 3C). we
also found that the levels of ABCG2 and BCL2 expression were
higher in Panc1 sphere cells than in Panc1 adherent cells
(Figure 3D and E). ABCG2, an ATP-binding cassette (ABC)
efflux transporter, is one of the putative biomarkers of CSCs.
BCL2 protein acts as a key regulator in cell apoptosis pathway
and antiapoptosis is one of the characteristics of CSCs. The
high expression of ABCG2 and BCL2 in Panc1 sphere cells
meant that the cells may be resistant to chemotherapies. ß-cate-
nin plays an important role in Wnt/ß-catenin pathway and the

Figure 2. (A). Flow cytometry analysis of CD44+CD24+ESA+ cells in Panc1 adherent cells. (B). Flow cytometry analysis of CD44+CD24+ESA+ cells in Panc1 sphere cells.
(C). Cell morphology. After HE staining, Panc1 adherent cells had a polygonal or triangular shape, whereas Panc1 sphere cells had a circular or fusiform shape with a
smaller size and a high nucleus-to-cytoplasm ratio. (D). TEM analysis. Panc1 sphere cells exhibited larger nuclei and fewer cytoplasmic organelles than Panc1 adherent
cells. (E). Cell cycle. Cell cycle analysis showed that the number of Panc1 sphere cells in the G0/G1 phase was significantly higher than that of adherent Panc1 cells (91.19
§ 0.66% vs. 60.35 § 1.37%, P < 0.001, nD3). (F). Cell proliferation. The proliferation rate of Panc1 sphere cells was significantly lower than that of Panc1 adherent cells.
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localization of ß-catenin in the nucleus and cytoplasm means
the activation of the self-renewal pathway. In realtime PCR,
we found the mRNA level of ß-catenin in Panc1 sphere
cells was higher than in Panc1 adherent cells. In cell immuno-
histochemistry, it was shown that ß-catenin was localized to
the cell membrane of adherent Panc1 cells, whereas it was
localized to the cytoplasm and nucleus of Panc1 sphere cells
(Figure 3F). This result also meant that the activity of Wnt/
ß-catenin pathway in Panc1 sphere cells was higher than in
Panc1 adherent cells.

Tumor-initiating ability

Eight weeks after the intraperitoneal injection of 1£106 Panc1
sphere cells, 2 of the 6 non-obese diabetic/severe combined
immunodeficiency disease(NOD/SCID) mice presented with
ascites. White tumor nodules around the pancreas appeared in
one of the 2 mice with ascites (Figure 4A and B). Tumor nod-
ules around the pancreas meant that these Panc1 sphere cells
had a homing ability like normal stem cell. In the group receiv-
ing Panc1 adherent cell intraperitoneal injections, no tumors or
ascites appeared in any of the 6 mice.

Chemoresistance

After individual Panc1 adherent cells and sphere cells were
plated in 96-well plates and cultured in DMEM containing 10%

FBS for 24 hours, 5-fluorouracil(5-FU) and gemcitabine were
added into the medium. Results of cytotoxic effects showed
that in the presence of 5-FU (20,100 mg/ml) or gemcitabine
(20,100mg/ml) for 5 days, cell viability was significantly higher
in Panc1 sphere cells than in adherent cells (Figure 4C). This
result meant that Panc1 sphere cells were more resistant to che-
motherapy drugs than Panc1 adherent cells.

Cytotoxic effects of metformin and curcumin

After individual Panc1 adherent cells and sphere cells were
plated in 96-well plates and cultured in DMEM containing 10%
FBS for 24 hours, metformin and curcumin were added into
the medium. Cell growth of Panc1 adherent cells and sphere
cells can all be inhibited by metformin and curcumin. Exposure
to metformin（20, 100 mmol/l）or curcumin（5, 20mmol/l）
for 5 days, cell viability was significantly lower in Panc1 sphere
cells than in adherent cells. The most obvious difference is to
low concentration of metformin.The inhibitaion of Panc1
adherent cell growth was mild while cell viability of Panc1
sphere cells was less than 50% in expourse to 20 mmol/l met-
formin (Figure 4D).

Discussion

In the present study, whether bulk pancreatic cancer cells could
convert into CSCs under certain conditions and whether

Figure 3. (A). Spontaneous migration. After serum was added into the medium, Panc1 cell spheres in DMEM/F-12 containing bFGF, EGF, B27 and insulin adhered to the
bottom in 96-well plates and many cells from the edges of the spheres migrated out of the spheres spontaneously and then gradually spreaded in the whole bottom of
the plate. (B). Exclusion of Hoechst 33342. After incubation with Hoechst 33342 (2.5 mg/ml), the fluorescent staining of Panc1 sphere cells was significantly weaker than
that of Panc1adherent cells. (C). Almost all of the Panc1 adherent cells were Ki67 positive, whereas few Panc1 sphere cells were Ki67 positive. (D, E and F). Expression lev-
els of ABCG2, BCL2 and ß-catenin were much higher in Panc1 sphere cells than in Panc1 adherent cells. ß-catenin was localized to the cell membrane of adherent cells,
whereas it was localized to the cytoplasm and nucleus of sphere cells.
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metformin and curcumin could kill pancreatic CSCs were
investigated. Aspc1, Bxpc3 and Panc1 pancreatic cancer cells
all formed cell spheres when they were cultured in serum-free
DMEM/F-12 containing EGF, bFGF, B27 and insulin. Dynamic
observation of the cell surface markers in 5 days showed that all
the sphere cells expressed the stem cell surface markers CD24,
CD44, ESA, CD133 and nestin form the third day after they
had been cultured in the medium and the expression level of
the stem cell markers increased in the next 2 days. Because
Panc1 cells have been widely used in pancreatic cancer
research, further studies on Panc1 sphere cells (having been
cultured in serum-free DMEM/F-12 containing bFGF, EGF,
B27 and insulin for 5 days) and adherent cells were performed
in our study. Flow cytometry analysis showed that there were
more cells expressed markers CD24, CD44 and ESA in Panc1
sphere cells than in adherent cells.This result was not consistent
with the cell immunofluorescence, which showed all the cells in
the spheres expressed CD44, CD24 and ESA, may due to the
sensitivities and specificities of the 2 analyses are not the same.
After having been cultured in the medium for 5 days, the
sphere cells had CSC characteristics, such as normal stem cell
morphology and structure (small size, high nucleus-to-cyto-
plasm ratio and few organelles) and increased activity of the
Hedgehog, Notch and Wnt/ß-catenin self-renewal pathways
(this increased activity was indicated by the upregulation of
Gli1, Notch1 and ß-catenin, which play important roles in

these signaling pathways and the localization of ß-catenin to
the nucleus and cytoplasm). Furthermore, the sphere cells had
increased mRNA level of stem cell gene Oct4, increased expres-
sion of the anti-apoptotic protein BCL2 and the multi-drug
resistance transporter ABCG2, ability to exclude Hoechst
33342 dyeresistance and resistance to 5-FU and gemcitabine.
These results also supported that the sphere cells had acquired
CSC characteristics even though the cell spheres were not gen-
erated by single cells.

Moreover, we found that after the spheres had attached
to culture plates in medium containing serum, Panc1 cells
in the spheres can migrate to the distant area spontane-
ously. In vivo, after Panc1 sphere cells were intraperitone-
ally injected into NOD/SCID mice, metastatic tumor
nodules developed around the pancreas. These results dem-
onstrated that the sphere cells were similar to normal stem
cells with regard to spontaneous migration and homing. In
Panc1 adherent cells, the ability of spontaneous migration
and homing ability had never been shown.We cannot
explain our finding that the Panc1 sphere cells, despite hav-
ing so many stem cell characteristics, did not exhibit
increased proliferation in vitro. In study of Huang et al.
compared with CD44-CD24- Panc1 pancreatic cancer cells,
CD44+CD24+ CSCs have a 20-fold higher tumorigenic
potential but a lower growth rate in vitro.6 This result is
similar to ours.

Figure 4. (A). Tumor in peritoneal cavity. Eight weeks after the intraperitoneal injection of 1000,000 individual Panc1 sphere cells, tumor nodules around the pancreas
appeared in one of the 6 NOD/SCID mice. (B). HE staining of tumor and the pancreas. (C). Chemoresistance. Exposure to 5-FU (20,100 mg / ml) or gemcitabine (20,100mg
/ ml) for 5 days, cell viability was significantly higher in Panc1 sphere cells than in adherent cells. (D). Cytotoxic effects of metformin and curcumin. Cell growth of Panc1
adherent cells and sphere cells can all be inhibited by metformin and curcumin. Exposure to metformin（20, 100 mmol/l）or curcumin（5, 20mmol/l）for 5 days, cell
viability was significantly lower in Panc1 sphere cells than in adherent cells.
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Cell sphere formation in vitro is widely accepted as one of
the characteristics of CSCs. In most previous studies, only
CSCs can form cell spheres in serum-free medium, whereas
non-CSCs can not. In our study, all of the pancreatic cancer
cells (including CSCs and bulk cancer cells) aggregated to form
spheres when single cells were cultured in serum-free DMEM/
F-12 containing EGF, bFGF, B27 and insulin and the cells in
the spheres gradually acquired CSC characteristics. In study of
Gavirhi et al., Panc1 cells also aggregated to form spheres in
serum-free DMEM/F-12 containing B27, fungizone, heparin,
EGF and FGF, and the sphere cells showed stem cell functional-
ities.8 This result is similar to ours. How the pancreatic cancer
cells acquired CSC characteristics in the serum-free DMEM/F-
12 medium containing EGF, bFGF, B27 and insulin? It may be
that the self–renewal pathways of the bulk cancer cells were
activated by bFGF or EGF, which are members of cell signaling
pathways. It is also possible that the bulk cancer cells de-differ-
entiated spontaneously when they were in serum-free medium
(i.e., a condition without differentiating factors) or that CSCs
induced the de-differentiation of non-CSCs in the same sphere
by cell signaling transduction between the neighboring cells. In
general, normal stem cells can differentiate into somatic cells,
but not vice versa; however, under certain conditions, somatic
cells can de-differentiate into stem cells. Fu et al. showed that
normal human skin cells de-differentiated into stem cells in the
presence of EGF.30-32 Chaffer et al. also demonstrated that
CD44lo basal-like human mammary epithelial cells and the
transformed epithelial cells could all spontaneously de-differen-
tiated into CD44hi stem cells and CD44hi CSCs respectively,
and the convertion of transformed epithelial cells to CSCs was
more efficiently than the untransformed cells.33 The conversion
of bulk cancer cells into CSCs may be simpler due to the geno-
mic instability of cancer cells. Gao’s study shows that the
enrichment of CSCs may result either from an increased sym-
metric self-renewal division rate of CSCs or a reprogramming
of non-CSCs to a stem cell state.34 Hu et al. and Faurobert et al.
also propose the plasticity of tumor cells.35,36 All these mean
that non CSCs can convert into CSCs. Our results also indicate
that tumor cell characteristics is microenvironment-dependent
and bulk cancer cells can convert to CSCs under certain condi-
tions, which are consistent with the yin-yang model of CSCs.11

The study of Klevebring et al. suggests that there may be
a dynamic conversion between breast cancer CSCs and non
CSCs in vivo for similar frequencies of most somatic muta-
tions are shared between the 2 group of cells.37 Zhou
et al.’s study demonstrates that dormant tumor cells in
ovarian cancer exhibit CSC characteristics and cisplatin
enhances these characteristics.38 Kleffel et al. Propose that
CSCs and dormant cells in cancer, which are resistant to
chemotherapy and radiotherapy and are responsible for
tumor recurrence, may be the one and same.39 All these
support that CSCs may be just cancer cells in dormant stage
while not a special group of cancer cells. In the present
study, Panc1 sphere cells had a lower growth rate in vitro
than adherent cells, as well as fewer Ki67-positive cells,
indicating that the Panc1 sphere cells were relatively quies-
cent. Additionally, the cell number in the Panc1 cell spheres
had not increased after 5 days of culture, and most of the
cells in Panc1 spheres were in the G0/G1 phase, indicating

that the Panc1 sphere cells with CSC characteristics might
be dormant cancer cells. So, the results of our study also
support the view that CSCs might be just cancer cells in a
resting state.

Conventional anticancer therapies kill rapidly proliferating
bulk cancer cells while sparing the relatively quiescent CSCs. In
the present study, Panc1 sphere cells were more resistant to 5-
FU and gemcitabine than their corresponding adherent cells. It
has been shown that metformin and curcumin can suppress
the self-renewal of CSCs in several cancer cells. So whether
metformin and curcumin can kill the Panc1 sphere cells was
investigated in this study. We found that cell growth of Panc1
adherent cells and sphere cells can all be inhibited by metfor-
min and curcumin. Panc1 sphere cells were more sensitive to
the 2 compounds than Panc1 adherent cells. The most obvious
difference was in low concentration of metformin. In exposure
to 20 mmol/l metformin , the cell growth inhibitaion was mild
in Panc1 adherent cells while obvious cytotoxicity was shown
in Panc1 sphere cells. For the Panc1 sphere cells have CSC
characteristics, these results mean that metformin and curcu-
min may be candidate drugs for targeting pancreatic CSCs. It
has been shown that metformin kills CSCs by activate AMPK
and inactivate mTOR20,21 and curcumin targets CSCs by
down-regulation of STAT3–NFkB signaling.26,27

Further studies on the molecular mechanisms by which met-
formin and curcumin kill pancreatic CSCs are required.

Conclusion

At present, the origin of CSCs is still uncertain. In most
previous studies, CSCs can generate bulk cancer cells and
not vice versa. In the present study, Panc1 pancreatic can-
cer cells aggregated into spheres in serum-free DMEM/F-12
containing bFGF, EGF, B27 and insulin. After having been
cultured in the medium for 5 days, the sphere cells exhib-
ited CSC characteristics, indicating that bulk pancreatic can-
cer cells could convert into CSCs under such condition.
This result suggestes that the pancreatic cancer cells are
CSCs or bulk cancer cells is determined by their microenvi-
ronment. Under some conditions, the pancreatic cancer
cells are bulk cancer cells, while under other conditions,
they are CSCs. Therefore, only conventional chemotherapy
and radiotherapy combined with anti-CSC agents will be
able to eradicate all cancer cells. Metformin and curcumin
may be candidate drugs for targeting pancreatic CSCs.

Table 1. Primers of Gli1, Notch1, b-catenin, Oct4 and b-actin.

Gene Primer Sequence Size(bp)

Gli1 Forward 50 TGGGCAACATGAGTGTCTTACTG 30 93
Reverse 50 TGTGATGGATGAGATTCCCTACT 30

Notch1 Forward 50 CCTGCCCGTTCTTGAAATGT 30 186
Reverse 50 GCATCTTCTTCGGAACCTGG 30

b-catenin Forward 50 AAATAAGCAGGTGGATCTATTTCAT 3 116
Reverse 50 ACTGGTAAACTGTCCAAAACAAGGT 30

Oct4 Forward 50 AAGGGCAAGCGATCAAGCA 30 97
Reverse 50 GGGCCAGAGGAAAGGACACT 30

b-actin Forward 50CCTCTCCCAAGTCCACACAG 30 130
Reverse 50GGGCACGAAGGCTCATCATT 30
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Materials and methods

Cell culture

Aspc1, Bxpc3 and Panc1 adherent cells were cultured in
DMEM containing 10% fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA, USA), 1% penicillin and streptomycin (Invitro-
gen, Carlsbad, CA, USA) in a humidified incubator under 5%
CO2 at 37�C.

Cell sphere formation assay

Individual-cell suspensions of Aspc1, Bxpc3 and Panc1 cells
were plated (100,000 cells/well) in 6-well ultra-low attachment
plates in serum-free Dulbecco’s modified Eagle medium/Nutri-
ent Mixture F-12 (DMEM/F-12) (Invitrogen, Carlsbad, CA,
USA) containing 20 mg/l basic fibroblast growth factor (bFGF),
20 mg/l epidermal growth factor (EGF), B27 (1:50) (Invitrogen,
Carlsbad, CA, USA), 4 mg/l insulin (China Novo Nordisk,
Beijing, China), 1% penicillin and streptomycin (Invitrogen,
Carlsbad, CA, USA) in a humidified incubator under 5% CO2 at
37�C. In the following analysis, sphere cells were cultured in the
medium for 5 days except for cell immunofluorescence.

Cell immunofluorescence assay

Aspc1, Bxpc3 and Panc1 adherent cells and sphere cells (sphere
cells had been cultured in serum-free DMEM/F-12 containing
bFGF, EGF, B27 and insulin for 24 hours, 48 hours,
72 hours,96 hours or 120 hours ) were plated onto coverslips
and cultured in DMEM containing 10% FBS for 12 hours, then
washed with PBS, fixed with 95% ethanolacetone, blocked in
PBS containing 1% bovine serum albumin (BSA) (Invitrogen,
Carlsbad, CA, USA) and incubated with the primary antibodies
(1:100 dilution) overnight at 4�C. The cells on the coverslips
were then washed with PBS and incubated with a fluorescent
secondary antibody (1:800 dilution) at room temperature in
the dark for 1 hour. After being washed with PBS, the coverslips
were examined under a fluorescence microscope(IX71, Olym-
pus, Japan). The antibodies included the following: primary
antibodies to CD44, CD24, ESA, CD133 and nestin (Abcam,
Cambridge, MA, USA) and secondary antibodies labeled with
FITC, fluorescein DyLight 549 and DyLight 649 (Jackson
Immunoresearch, West Grove, PA).

Flow cytometry analysis

Individual Panc1 adherent cells and sphere cells were resus-
pended in PBS and stained with the directly conjugated mono-
clonal antibodies FITC anti-human CD44 antibody (1:50)
(Biolegend, San Diego, CA,USA) ,PE/Cy7 anti-human CD24
antibody (1:50) (Biolegend, San Diego, CA,USA) or PE anti-
human ESA antibody (1:50) (Biolegend, San Diego, CA,USA)
for 20 min at 4�C. Then the cells were washed with PBS for
three times. Flow cytometry analysis was performed on a BD
FACS-Aria II device (BD Biosciences, San Jose, CA, USA).

Cell morphology and transmission electron microscopy
(TEM) analysis

Cell morphology of Panc1 adherent cells and sphere cells was
visualized using hematoxylin and eosin (HE) staining. Cells

were fixed in 2.5% glutaraldehyde and postfixed in 2% osmium
tetroxide. The samples were dehydrated in a graded ethanol
series and embedded in Epon.Ultrathin sections were con-
trasted with uranyl acetate and lead citrate, and then examined
by a Hitachi-800 transmission electron microscope (Hitachi
High-Technologies Co, Japan).

Cell cycle assay

Individual-cell suspensions of Panc1 adherent cells and sphere
cells were harvested and washed with PBS, fixed in cold (4�C)
70% ethanol, incubated with 50 mg/ml RNase (Invitrogen,
Carlsbad, CA, USA) and 60 mg/ml propidium iodide (Sigma-
Aldrich Co. St. Louis, MO, USA) and analyzed by flow cytome-
try to evaluate the cell cycle. The final data were averaged from
3 independent experiments.

Cell growth curve assay

Individual cell suspensions of Panc1 adherent cells and sphere
cells were plated in 96-well plates (5,000 individual cells/well)
and cultured in DMEM containing 10% FBS. Cellular prolifera-
tion was assayed for 5 consecutive days. The Cell Counting Kit-
8 (CCK-8)(Dojindo, Kumamoto, Japan) solution was used
according to the manufacturer’s instructions. Briefly, 100 ml of
fresh medium containing 10 ml of the CCK-8 solution was
added to each well and incubated at 37�C for 1 h. The optical
density was measured at 450 nm by a microplate reader. Cell
growth curves were generated from the average optical density
values of the 3 independent experiments.

Cell spontaneous migration assay

The suspensions of Panc1 cell spheres in DMEM/F-12 contain-
ing bFGF, EGF, B27 and insulin were transferred into 96-well
plates and serum was added to the medium. 8 hours and
24 hours later, the sphere cells were observed with a light
microscopy to detect spontaneous migration.

Hoechst 33342 efflux assay

Individual Panc1 adherent cells and sphere cells were re-sus-
pended in PBS and incubated with Hoechst 33342 (Sigma-
Aldrich Co. St. Louis, MO, USA) at a final concentration of
2.5 mg/ml for 30 min at 37�C. After three washes in PBS, the
cell suspensions were plated onto coverslips and observed
under a fluorescence microscope.

Real-time quantitative reverse transcription PCR assay

Total RNA of Panc1 adherent cells and sphere cells was
extracted using RNAiso reagent according to the manufac-
turer’s protocol (Takara Bio, Otsu, Shiga Japan). ß-Actin ampli-
fication was used as an internal control for the normalization of
gene expression. After the RNA was reverse transcribed to
cDNA, real-time polymerase chain reaction (PCR) amplifica-
tion with the primers listed in Table 1 was performed using the
following cycling conditions: 50�C for 2 min, 95�C for 10 min
and 40 cycles of denaturation at 95�C for 15 s and of annealing
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and extension at 60�C for 1 min, 95�C for 15 s, 60�C for 15 s
and 95�C for 15 s. PCRs were performed on Applied Biosys-
tems 7900HT Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA).

Cell immunohistochemistry

Individual Panc1 adherent cells and sphere cells were cultured in
DMEM containing 10% FBS and grown on coverslips for
12 hours, washed with PBS, fixed with 95% ethanolacetone,
blocked in PBS containing 1% BSA and incubated with the pri-
mary antibodies (1:100 dilution) overnight at 4�C. After incuba-
tion with a biotinylated secondary antibody at room temperature
for 1 hour, the horseradish peroxidase-labeled avidin-biotin com-
plex (ABC-HRP) method was performed with the Elite ABC kits
(Vector Laboratories, Burlingame, CA, USA) according to the
manufacturer’s instructions. The primary antibodies included the
following: mouse anti-human Ki67, mouse anti-human BCL2,
mouse anti-human ß-catenin (DOKA, Denmark) and mouse
anti-human ABCG2 (R&D Systems, Minneapolis, MN, USA).

Tumorigenicity assay

1£106 individual Panc1 cells and sphere cells were injected intra-
peritoneally into 6 5-week-old male NOD/SCIDmice respectively.
Eight weeks later, 6 animals in each group were euthanized, and
tumor formation in abdominal cavity was observed.

Histopathologic examination

Samples of tumor and pancreas were fixed in formalin and
embedded in paraffin. After sections of the tissue having been
stained with HE, microscopic examination was performed.

Chemoresistance and cytotoxic effects of metformin and
curcumin
Individual Panc1 adherent cells and sphere cells were plated in
96-well plates (5,000 cells/well, in triplicate) in 200 ml of
DMEM containing 10% FBS. The cells were cultured for
24 hours and then incubated with 5-FU (20 or 100 mg/ml)
(Alexis, Lausanne, CH), gemcitabine (20 or 100 mg/ml) (Alexis,
Lausanne, CH), metformin (20 or 100 mmol/l) ((Sigma-
Aldrich Co. St. Louis, MO, USA) or curcumin (5 or 20 mmol/l)
(Sigma-Aldrich Co. St. Louis, MO, USA). After incubation for
5 days, the viability of the cells was assayed using CCK-8
according to the manufacturer’s instructions, and final values
were averaged from 3 independent experiments.

Statistical analysis

For the analysis, t-tests were used, and P � 0.05 was considered
statistically significant. Statistical analysis was performed using
the SPSS version 13.0.
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