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The emerging concept of generating cancer stem cells from
epithelial-mesenchymal transition has attracted great interest;
however, the factors andmolecularmechanisms that govern this
putative tumor-initiating process remain largely elusive. We
report here that miR-200a not only regulates epithelial-mesen-
chymal transition but also stem-like transition in nasopharyn-
geal carcinoma cells. We first showed that stable knockdown of
miR-200a promotes the transition of epithelium-like CNE-1
cells to the mesenchymal phenotype. More importantly, it also
induced several stem cell-like traits, including CD133� side
population, sphere formation capacity, in vivo tumorigenicity in
nude mice, and stem cell marker expression. Consistently, sta-
ble overexpression of miR-200a switched mesenchyme-like
C666-1 cells to the epithelial state, accompanied by a significant
reduction of stem-like cell features. Furthermore, in vitrodiffer-
entiation of the C666-1 tumor sphere resulted in diminished
stem-like cell population and miR-200a induction. To investi-
gate themolecularmechanism,we demonstrated thatmiR-200a
controls epithelial-mesenchymal transition by targeting ZEB2,
although it regulates the stem-like transition differentially and
specifically by �-catenin signaling. Our findings reveal for the
first time the function of miR-200a in shifting nasopharyngeal
carcinoma cell states via a reversible process coined as epitheli-
al-mesenchymal to stem-like transition throughdifferential and
specific mechanisms.

Epithelial-mesenchymal transition (EMT)3 is a crucial devel-
opmental program in which immotile epithelial cells acquire
mesenchymal traits. Activation of EMT triggers tumor cell
invasion and dissemination and is thus considered as the initi-
ating step of cancer metastasis (1, 2). Recently, several studies

have demonstrated that EMT is associated with cells with stem
cell properties. For example, induction of EMT by potent EMT
inducers, such as Twist, Snail, andTGF�1, in humanmammary
epithelial cells produces CD44�CD24�/low breast cancer stem
cells (CSCs) (3, 4). Similarly, breast CSCs can also be generated
from CD8 T cell-induced EMT in epithelial breast cancer cells
(5). These phenomena have been suggested to be mediated by
the aberrant activation of Ras/MAPKsignaling and suppression
of stemness-inhibiting miR-203 by ZEB1 (4, 6).
MicroRNAs (miRNAs) are known to regulate tumor pro-

gression by suppressing target gene expression (7–9). Ample
studies have implicated the important role of miRNAs in regu-
lating EMT (10, 11). In particular, the miR-200 family has been
documented to induce mesenchymal-epithelial transition
(MET) by direct targeting of E-cadherin transcriptional repres-
sors ZEB1 and ZEB2 (also know as SIP1) in murine mammary
carcinoma cells (12),MadinDarby canine kidney epithelial cells
(13), human bladder (14), prostate (15), and several other can-
cer cell lines (16, 17). Notably, the expressions of miR-200b-
200a-429 and miR-200c-141 clusters, presumably encoded in
form of polycistronic transcripts, are reciprocally repressed by
their downstream targets ZEB1 and ZEB2 (18, 19). Among all
five members of the miR-200 family, we are particularly inter-
ested in miR-200a, which has been identified as a prognostic
marker for advanced ovarian (20) and cervical cancers (21).
Here, we investigated the function and mechanism of miR-

200a on EMT-associated CSC generation in nasopharyngeal
carcinoma (NPC). NPC is a head and neck tumor originating in
the nasopharynx. With a distinct ethnic predilection, this
malignancy is particularly common in Southeast Asia and
Northern Africa. NPC patients tend to present at an advanced
stage of disease, as the primary tumor is often located in a silent
area. Moreover, NPC exhibits high invasive and metastatic
potential, and therefore the prognosis of patients with meta-
static NPC is poor (22). In addition, both epithelium-like
CNE-1 andmesenchyme-like C666-1NPC cell lines were avail-
able for this study. Using these two cell lines, we have recently
reported that miR-200a differentially inhibits NPC cell growth
via �-catenin signaling, and it suppresses NPC cell migration
and invasion by ZEB2 down-regulation (23). In this study, we
focused on investigating the potential role and mechanisms of
miR-200a on EMT and in particular the generation of stem-like
cells.
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By loss-of-function studies, we first demonstrated that sup-
pression of miR-200a promotes the transition of epithelium-
like CNE-1 cells to mesenchymal phenotype. Importantly, we
found that it also induces stem cell-like traits, including the
CD133� side population, sphere formation ability, and in vivo
tumorigenicity. Consistently, overexpression of miR-200a not
only promoted the transition of mesenchyme-like C666-1 cells
to the epithelial state but also caused significant reduction of
stem-like cell features. Finally, we showed that miR-200a con-
trols EMT by targeting ZEB2 and regulates stemness transition
differentially and specifically via �-catenin signaling. Results
from our study suggest for the first time the effect and mecha-
nism of miR-200a on shifting NPC cells through a reversible
process coined as epithelial-mesenchymal to stem-like transi-
tion (EMST) and the potential associations with cell migration
and proliferation. This knowledge will shed light on the origin
and characteristics of CSCs and open up new avenues for devel-
oping novel cancer therapeutic strategies aimed at targeting
EMT and CSCs.

EXPERIMENTAL PROCEDURES

Establishment of NPC Cell Lines Stably Lacking or Overex-
pressing miR-200a—CNE-1 and C666-1 NPC cell lines were
obtained and cultured as described previously (23). One day
before transfection, cells were seeded onto 24-well plates at 60%
confluence. CNE-1 and C666-1 cells were, respectively, trans-
fected with anti-miR-200a construct (miRZip-200a; System
Biosciences, Mountain View, CA) and pLL3.7-miR-200a pre-
cursor plasmid using FuGENEHD transfection reagent (Roche
Diagnostics) in the absence of antibiotics. After 48 h, cells were
subcultured to 10% confluence in medium containing 1 �g/ml
(for CNE-1 cells) or 5 �g/ml (for C666-1 cells) of puromycin
(Sigma). When all cells in the nontransfected control culture
were killed, antibiotic-resistant cells were pooled and passaged
in medium containing a half-concentration of puromycin as in
the first round of selection. For re-expression of CTNNB1,
C666-1-pLL3.7-miR-200a cells (5 � 104) were transfected with
pCI-neo-�-catenin WT plasmid (Addgene, Cambridge, MA).
Cells were selected in medium containing 500 �g/ml (for first
round) or 300 �g/ml (for second round) of G418 antibiotic
(Sigma).
RNA Extraction, Quantitative RealTime PCR and Semi-

quantitative Reverse Transcription-PCR (RT-PCR)—Total
RNA was extracted from stable NPC cell lines, tumor spheres,
or tumor tissues with the use of TRIzol reagent (Invitrogen).
miR-200a, CTNNB1, ZEB2, Oct-4 (24), and aldehyde dehydro-
genase 1 (ALDH1) (25) mRNA expressions were detected by
quantitative real time PCR or semi-quantitative RT-PCR
according to our previously described protocols (23, 26).
Immunoblotting—For the detection of epithelial and mesen-

chymalmarker expressions, stableNPCcells were harvested for
immunoblotting analysis according to our previously described
protocol (26). Rabbit E-cadherin (1:400 dilution), mouse
vimentin (1:300 dilution), and rabbit fibronectin (1:300 dilu-
tion) antibodies were products of Boster Biological Technology
(Wuhan, China).Mouse�-cateninmonoclonal antibody (1:400
dilution) and rabbit ZEB2polyclonal antibodies (1:500 dilution)

were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA).
Flow Cytometry—Established CNE-1 and C666-1 stable cell

lines (1 � 106) were detached by treatment with 0.25% trypsin/
EDTA (Invitrogen) and washed once with phosphate-buffered
saline. The cells were then resuspended in 100 �l of Staining
Buffer (eBioscience, San Diego) containing 1% fetal bovine
serum (FBS; Invitrogen) and place on ice for 20 min to block Fc
receptors. After incubating with primary phycoerythrin anti-
humanCD133 orAlexa Fluor 488 anti-humanOct-4 antibodies
(eBioscience) for another 45 min on ice in the dark, the cells
were washed twice with 1 ml of ice-cold Staining Buffer and
centrifuged (400� g) for 5min at 4 °C. Cells resuspended in 0.5
ml of 2% formaldehyde fixation buffer were analyzed using a
FACSCalibur flow cytometer and CellQuest software (BD Bio-
sciences). All flow cytometry results were obtained from two
independent experiments performed in triplicate.
Sphere Formation Assay—Single cells (1 � 103) were plated

onto a 24-well ultra-low attachment plate (Corning Glass) in
serum-free DMEM/F-12, supplemented with 10 ng/ml basic
fibroblast growth factor, 20 ng/ml epidermal growth factor, and
0.4% bovine serum albumin and B-27 supplement (1:50 dilu-
tion; Invitrogen). After 14 days of culture, the number of tumor
spheres formed (diameter �40 �m) was counted under an
inverted microscope.
Sphere Differentiation Assay—C666-1 cells were subjected to

sphere formation assay as described above. After 14 days of
sphere formation culture, spheres were harvested using 40-�m
cell strainers (BD Biosciences), seeded onto 6-well cell culture
plates, and cultured inRPMI 1640medium (Invitrogen) supple-
mented with 10% FBS in the absence of the aforementioned
growth factors. Sphere adherence and differentiation could be
observed after culturing in serum-containing medium for 24 h.
At 36 and 72 h post-seeding, the differentiated cells (1 � 106)
were collected for flow cytometry analysis of CD133 or Oct-4-
positive cell population. Total RNA was also isolated from the
differentiated cells for the detection of miR-200a, CTNNB1,
and ZEB2 expressions by real time quantitative PCR. Both
sphere formation assay and sphere differentiation assay were
performed twice in triplicate with consistent results.
Transient siRNA Transfection—Transient transfection of

C666-1 cells with control siRNA (siControl) or siRNAs target-
ing CTNNB1 and ZEB2 mRNAs (siCTTNB1 and siZEB2) was
performed as described previously (23). The siCTTNB1 and
siZEB2 were synthesized by GenePharma Co. (Shanghai,
China) in accordance with the sequences reported previously
(13, 27). The effects of siCTTNB1 and siZEB2 were confirmed
by three independent transfection experiments.
Tumor Xenografts in Nude Mice—Female BALB/c athymic

mice (nu/nu, 5–8 weeks old) were purchased from Charles
River Laboratories (Wilmington, MA), housed under aseptic
conditions, and cared for in accordance with the guidelines of
the Laboratory Animal Unit of the University of Hong Kong.
Following our previous protocol (28), NPC tumor xenografts
were established by subcutaneous injection of stable CNE-1-
miRZip-200a cells (5 � 106), C666-1-pLL3.7-miR-200a cells
(1� 106), or respective control cells into the back flanks ofmice
(n � 6 mice per group). Tumor size was measured every 3 days
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for 15 days with the use of a caliper. The tumor volume (V) was
calculated according to the formula V � ab2/2, where a and b
are major and minor axes of the tumor foci, respectively. This
animal study was approved by the Department of Health of the
Government ofHongKong andby theCommittee on theUse of
Live Animals in Teaching and Research of the University of
Hong Kong.
Immunohistochemistry (IHC)—Tissue sections were depar-

affinized in xylene and rehydrated in graded alcohols and dis-
tilled water. Slides were processed for antigen retrieval by a
standard microwave heating technique. Specimens were incu-
bated with anti-�-catenin or anti-ZEB2 antibodies (1:50 dilu-
tion). The immunoreactions were visualized with diaminoben-
zidine as a chromogen and counterstained with hematoxylin.
The slides werewashed in tapwater, dehydrated in alcohol, and
mounted.
Statistical Analysis—Experimental data were presented as

mean � S.D. All statistical analyses were performed using a
two-tailed Student’s t test (SPSS 12.0; SPSS Inc., Chicago, IL).
Differences were considered to be statistically significant at
p � 0.05.

RESULTS

Stable Knockdown of miR-200a Promotes Epithelial-Mesen-
chymal to Stem-like Transition in NPC Cells—Morphologi-
cally, CNE-1 cells highly expressingmiR-200a are tightly bound
cells with epithelial phenotype. We first tested the ability of
miR-200a to regulate EMT in CNE-1 cells. To this end, we
established CNE-1 cells stably suppressing miR-200a (CNE-1-

miRZip-200a). The down-regula-
tion of miR-200a was confirmed by
quantitative real time PCR (Fig. 1A).
Dramatic morphological change,
which is indicative of EMT, was
observed in CNE-1-miRZip-200a
cells (Fig. 1B, upper panel). We fur-
ther examined the expressions of
epithelial (E-cadherin) and mesen-
chymal (vimentin and fibronectin)
markers. As anticipated, reduced
E-cadherin expression and induc-
tion of vimentin and fibronectin
were detected in CNE-1-miRZip-
200a cells (Fig. 1, C and D), indicat-
ing that stable knockdown of miR-
200a induces EMT in CNE-1 cells.
To test the hypothesis that miR-

200a knockdown could further
affect NPC stem cell population,
CNE-1-miRZip-200a cells were
assayed for the presence of the
CD133marker, a conserved cell sur-
face molecule that has been associ-
ated with cancer stem-like cells in
various human cancers, including
brain, colon, liver, lung, pancreatic,
prostate, skin, thyroid, and head and
neck cancers (29–31). Flow cytom-

etry analysis indicated that the CD133� cell population was
significantly enriched in CNE-1-miRZip-200a cells (Fig. 2A).
To affirm the stemness of theCD133� stem-like population, we
investigated the self-renewal potential of CNE-1-miRZip-200a
cells by sphere formation assay. With miR-200a suppression,
CNE-1-miRZip-200a cells generated 3-fold more spheres than
CNE-1-miRZip-control cells (Fig. 2B, 2.27 � 0.35% versus
0.77� 0.15%, p� 0.05). In addition, we also assessed the in vivo
tumorigenicity of CNE-1-miRZip-200a cells in subcutaneous
xenograft nude mouse model. At day 15 post-injection, the
mean volume of tumors generated from CNE-1-miRZip-200a
cells was significantly larger than that originated from CNE-1-
miRZip-control cells (Fig. 2C). IHC staining in NPC xenografts
revealed that the staining intensities of �-catenin and ZEB2,
both of which are known targets of miR-200a (23, 32), were
remarkably higher in tumor tissues derived from CNE-1-miR-
Zip-200a cells (Fig. 2D). The increase in �-catenin and ZEB2
protein levels in CNE-1-miRZip-200a tumor tissues was also
confirmed by Western blotting analysis (Fig. 2E). We further
ascertained the induction of stem-like cell traits by detection of
two undifferentiated stem cell markers Oct-4 (33) and ALDH1
(34, 35). In both tumor spheres and tumor tissues originated
from CNE-1-miRZip-200a cells, Oct-4 and ALDH1 expres-
sions were up-regulated (Fig. 2F), suggesting that the increase
in sphere number and tumor size by miR-200a knockdown is
due, at least in part, to the acquisition of stem-like cell traits.
These data reveal that reduced expression ofmiR-200a not only
triggers EMT but also, in turn, transits CNE-1 cells to the stem-
like state. Therefore, we propose a term epithelial-mesenchy-

FIGURE 1. Effect of miR-200a on EMT in NPC cells. A, quantitative real time PCR analysis of miR-200a expres-
sion in CNE-1 cells lacking miR-200a (CNE-1-miRZip-200a) and C666-1 cells overexpressing miR-200a (C666-1-
pLL3.7-miR-200a). B, morphological changes in established NPC stable cell lines. C, Western blotting analysis of
epithelial (E-cadherin) and mesenchymal (vimentin and fibronectin) markers. GAPDH was shown as an internal
control. D, GAPDH-normalized protein levels of EMT markers relative to their respective controls. *, p � 0.05, as
compared with respective controls.
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mal to stem-like transition (EMST) to describe this combined
reprogramming process.
Overexpression of miR-200a Switches Mesenchyme-like

C666-1Cells to Epithelial State, Accompanied by the Significant
Reduction of Stem-like Cell Features—C666-1 cells that have a
low level of miR-200a are spindle-shaped similar to mesenchy-
mal cells (Fig. 1B, lower left panel). To test the reversible nature
of EMST and the role of miR-200a in regulating EMST, we
established stable C666-1 cells overexpressing miR-200a
(C666-1-pLL3.7-miR200a) (Fig. 1A). In contrast to C666-1-
pLL3.7-control cells, C666-1-pLL3.7-miR-200a cells were pres-
ent with an epithelium-like phenotype (Fig. 1B, lower right
panel). Consistently, the stimulated E-cadherin, but suppressed

vimentin and fibronectin expressions, support that miR-200a-
overexpressing C666-1 cells had undergone an MET (Fig. 1, C
and D).
The stable miR-200a expression also diminished several

stem-like traits in C666-1-pLL3.7-miR-200a cells, including
significantly decreased CD133� cell population (Fig. 3A) and
the reduced ability to form tumor spheres than C666-1-pLL3.7
control cells (Fig. 3B, 1.57 � 0.35% versus 3.73 � 0.41%, p �
0.05). Moreover, in subcutaneous nude mice xenografts, C666-
1-pLL3.7-miR-200a cells produced tumors with smaller sizes
(Fig. 3C) and lower �-catenin and ZEB2 protein expressions
(Fig. 3, D and E). The expressions of Oct-4 and ALDH1 stem
cell markers were also decreased in tumor spheres and tumor

FIGURE 2. Induction of stem-like cell phenotypes by stable knockdown of miR-200a in CNE-1 cells. A, flow cytometry analysis of CD133� cell distribution
in CNE-1-miRZip-control and CNE-1-miRZip-200a cells (1 � 106 cells per sample). The numbers represented the mean percentage of CD133� cells from
triplicate data. PE, phycoerythrin. B, representative images of tumor spheres generated after 14 days of single cell cultures. The bar graph indicated the number
of spheres with diameter of at least 40 �m per 1 � 103 single cell seeded. C, subcutaneous NPC tumor in nude mouse (n � 6) at 15 day post-injection of
CNE-1-miRZip-control and CNE-1-miRZip-200a cells (5 � 106 cells). The graph indicated the tumor volume measured every 3 days for 15 days. D, IHC staining;
E, Western blotting analysis of �-catenin and ZEB2 protein expressions in tumor tissues. F, quantitative PCR analysis of Oct-4 and ALDH1 mRNA expressions in
tumor spheres (left) and tumor tissues (right). *, p � 0.05, as compared with CNE-1-miRZip-control group.
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tissues derived from C666-1-pLL3.7-miR-200a cells (Fig. 3F).
These results suggest that miR-200a is capable of reversing
EMST in favor of the epithelial state.
Spheric C666-1 Cell Differentiation Results in Reduced Stem-

like Cell Population and miR-200a Induction—To determine
whether the tumor spheres are enriched with stem-like cells
that are capable of redifferentiating into parental phenotypes,
we analyzed the in vitro differentiation of a sphere derived from
miR-200a-lowC666-1 cells.When culturing in serum-contain-
ing medium in the absence of growth factors, C666-1 spheres
adhered to the plate and eventually acquired a typical differen-
tiatedmorphological feature after 72 h (Fig. 4A). By flow cytom-
etry analysis, we found that the CD133� cell population was
gradually decreasing over the course of sphere differentiation
(Fig. 4B). This result was seconded by the decrease of an addi-

tional Oct-4 stem cell marker (Fig. 4B), confirming a reduction
of stem-like population upon differentiation.
To further investigate the association betweenmiR-200a and

NPC stem-like properties, we alsomonitored the expressions of
miR-200a and its direct downstream targets at different time
points of differentiation. At 36 and 72 h post-differentiation,
miR-200a expression was significantly increased, accompanied
by the down-regulation of its targets CTNNB1 and ZEB1 dur-
ing spheric cell differentiation (Fig. 4C). These results strongly
support that miR-200a regulates the stem-like state.
miR-200a-mediated EMST Is Differentially Modulated by

ZEB2 and CTNNB1 Down-regulation—To understand how
miR-200a regulates the two-step process of EMST, we tested
the effects of silencing CTNNB1 and ZEB2 on EMT and stem-
like characteristics (CD133� cell population and sphere forma-

FIGURE 3. Loss of stem cell traits in C666-1 cells with stable miR-200a expression. Experiments were performed using C666-1-pLL3.7-miR-control and
C666-1-pLL3.7-miR-200a cells in the same way as described in Fig. 2. A, CD133� cell population. B, sphere formation assay. C, in vivo tumorigenicity and tumor
volume of C666-1-pLL3.7-miR-200a cells (1 � 106 cells; n � 6). D, IHC staining; E, Western blotting analysis of �-catenin and ZEB2 protein expressions in tumor
tissues. F, mRNA levels of Oct-4 and ALDH1 in tumor spheres (left) and xenograft tumor tissues (right). *, p � 0.05, as compared with C666-1-pLL3.7-miR-control
group.
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tion) in C666-1 cells. CTNNB1 and ZEB2 were successfully
knocked down at 48 h post-transfection of siCTNNB1 and
siZEB2, respectively (Fig. 5A). Interestingly, morphological
change from mesenchymal to epithelial phenotype was
observed in siZEB2-transfected but not in siCTNNB1-trans-
fected C666-1 cells (Fig. 5B). This change was concurrent with
E-cadherin induction and vimentin suppression (Fig. 5C), sug-
gesting that miR-200a regulates MET by targeting ZEB2 rather
than CTNNB1. Concerning the effects of miR-200a on stem-
like traits, we demonstrated in C666-1 cells that the CD133�

cell population and the number of tumor spheres were solely
significantly reduced by CTTNB1 but not ZEB2 down-regula-
tion (Fig. 5, D and E). These results reveal that during EMST,

miR-200a specifically controls EMT
and stem-like properties via ZEB2
and CTNNB1, respectively.
Re-expression of CTNNB1 Re-

stores Stem-like Cell Phenotypes in
miR-200a-overexpressing Cells—To
corroborate the role of CTNNB1 in
miR-200a-regulated stem-like tran-
sition, we also rescued miR-200a-
targeted CTNNB1 suppression in
C666-1-pLL3.7-miR-200a cells by
transfection of a plasmid carrying
the wild-type CTNNB1 gene (pCI-
neo-�-cateninWT). The re-expres-
sion of CTNNB1 was validated by
semi-quantitative RT-PCR (Fig.
6A). The CD133� cell population
and sphere generation ability were
partially, if not totally, restored
upon CTNNB1 re-expression (Fig.
6, B and C). In addition, inoculation
of C666-1-pLL3.7-miR-200a cells
with CTNNB1 re-expression gener-
ated tumors with larger volume in
vivo (Fig. 6D). Such re-expression of
CTNNB1 in tumor tissues was
clearly detected (Fig. 6E). The resto-
ration of stem-like cell phenotypes
was also evident by the up-regula-
tion of Oct-4 and ALDH1 markers
in tumor spheres and tumor tissues
(Fig. 6F), confirming that miR-200a
regulates stem-like phenotypes by
targeting CTNNB1.

DISCUSSION

In this study, we demonstrated
for the first time that miR-200a not
only controls EMT, but also medi-
ates the acquisition of stem-like cell
phenotypes in NPC cells. We found
that epithelium-like CNE-1 cells
stably lacking miR-200a underwent
an EMT and exhibited an increased
CD133� cell population whose

stem-like properties are well supported by the enhanced
sphere-forming capacity, in vivo tumorigenicity, and stem cell
marker expression. Reversely, stable overexpression of miR-
200a reduced stem-like cell population and concurrently pro-
moted MET in mesenchyme-like C666-1 cells, suggesting that
these cell state transitions are reversible. To extend our current
concept about EMT, we propose the new term epithelial-mes-
enchymal to stem-like transition (EMST) to describe such
putative transition of cells between epithelial, mesenchymal,
and stem cell states.
CSCs, also known as tumor-initiating cells, are rare subpopu-

lation of cells within a tumor that possess the capacity for self-
renewal and differentiation into heterogeneous lineages of can-

FIGURE 4. In vitro differentiation of C666-1 spheres. A, microscopic observation of C666-1 cells cultured as
nonadherent undifferentiated spheres and adherent cells under differentiation conditions for 36 and 72 h. B,
flow cytometry analysis of CD133� (upper) and Oct-4-positive (lower) cell populations in C666-1 spheres and
sphere-derived adherent progeny at 36 and 72 h. C, quantitative real time PCR analysis of miR-200a, CTNNB1,
and ZEB2 expressions. mRNA levels in sphere were normalized as 1. PE, phycoerythrin.
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cer cells (36). These CSCs have been isolated from leukemia
(37), brain (38), breast (39), colon (40), liver (41), lung (42),
pancreatic (43), and prostate cancers (44), as well as from thy-
roid carcinoma (31) and NPC cell lines (45). Given the fact that
differentiated tumor cells lacking self-renewal capability are in
principle unable to establish macroscopic metastases at distant
sites, it has been proposed that themigrating CSCs are required
for the metastatic spread of tumors (46).

With this mentioned, our discovery of miR-200a-mediated
EMST has important implications in the context of cancer
metastasis. Based onour presented data,wehypothesize that, in
primary tumor, down-regulation of miR-200a could activate
the EMT program to promote tumor cell invasion. Further-
more, migrating CSCs would also be generated via EMST for
dissemination through the circulatory system. By doing so,
CSCs capable of self-renewal could initiate metastatic colonies

FIGURE 5. Differential regulation of EMST by ZEB and CTTNB1 down-regulation in C666-1 cells. A, RT-PCR and Western blotting (WB) analysis of CTNNB1
and ZEB2 levels in siControl-, siCTNNB1-, and siZEB2-transfected C666-1 cells at 48 h post-transfection. GAPDH was shown as an internal control. B, phase
contrast images of C666-1 cells after transient knockdown of CTNNB1 and ZEB2. C, Western blot analysis of epithelial (E-cadherin) and mesenchymal (vimentin)
markers. D, flow cytometry analysis of CD133� cell population; E, sphere formation assay in siControl-, siCTNNB1-, and siZEB2-transfected C666-1 cells. *, p �
0.05, as compared with siControl group.
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FIGURE 6. Restoration of stem-like traits by re-expression of CTNNB1. A, RT-PCR and Western blotting (WB) analysis showing CTNNB1 re-expression in
C666-1-pLL3.7-miR-200a cells transfected with wild-type �-catenin plasmid (pCI-neo-beta-catenin WT). B, CD133� cell distribution, C, tumor sphere formation;
D, in vivo tumorigenicity and tumor volume of C666-1-pLL3.7-miR-200a cells expressing pCI-neo-control or pCI-neo-�-catenin WT. E, WB confirmation of
CTNNB1 re-expression in xenograft NPC tissues. F, Oct-4 and ALDH1 mRNA levels in tumor spheres (left) and xenograft tumor tissues (right). *, p � 0.05, as
compared with pCI-neo-control group.
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in distant organs, where some of theCSCsmight redifferentiate
into the epithelial state via reverse EMST and some might
maintain stemness for supporting the continuous growth of
tumor (Fig. 7).
Regarding the molecular mechanisms underlying miR-200a-

mediated EMST, we specifically identified ZEB2 and CTNNB1
as the effectors of miR-200a during EMT and stem-like cell
generation, respectively. ZEB2 is amember of theZfh1 family of
two-handed zinc finger/homeodomain proteins. It interacts
with activated SMADs and represses E-cadherin transcription
by direct binding to paired E-box sites of the proximal E-cad-
herin promoter (47). Because the 3�-untranslated region of
ZEB2 has target sites for all five miR-200 family members, it is
not surprising that miR-200a also targets ZEB2 for EMT regu-
lation. On the other hand, CTNNB1 encodes �-catenin, which
is a key mediator of canonical Wnt/�-catenin cascade impor-
tant for NPC progression. Activation of this signaling is
required for maintaining the stemness of CSCs in tumors (48–
50).We also showed an association of stem-like transition with
NPC cell growth and EMT with NPC cell migration and inva-
sion. Our results are in line with the essential role of Wnt/�-
catenin pathway and suggest the requirement of cell growth in
sustaining CSC phenotypes.
We manifested that miR-200a, as a single factor, could regu-

late EMT and stem-like cell population in NPC cells, highlight-
ing the potency of miRNAs in generating CSCs via EMST.
Indeed, an increasing number of genes have been shown to
orchestrate EMT during embryogenesis and tumor progres-
sion. Among these EMT regulators are, to name a few, cyto-
kines (TGF-�), growth factors (FGF, EGF, HGF, and PDGF),
transcription factors (Twist, Snail1, Snail2, ZEB1, and ZEB2),
miRNAs (miR-200 family and miR-205), and members of the
BMP, Wnt, and Notch signaling pathways (51). Our results
raise the possibility that these genes are also involved in EMT-
induced CSC generation. Revisiting their effects on EMSTmay
reveal novel mechanisms for CSC generation. Furthermore, in
addition to metastasis, CSCs can also account for the recur-
rence of cancers after chemotherapy. Thus, developing strate-
gies aimed at targeting miR-200a or other EMST regulators
offer great therapeutic opportunities for eradicating cancer at
its root.

Apart from cytokine 19 that has been associated with CSC-
like side population cells in a poorly differentiated CNE-2 cell
line (45), report onNPCCSCmarker is lacking. In our study, we
could barely detect the presence or any significant change in
cytokine 19 (data not shown). This could be due to the very
small population of side population cells in CNE-1 (0.7%) and
C666-1 (0.1%), as compared with CNE-2 (2.6%) cells. In addi-
tion, different culture conditions may also contribute to our
failure to detect cytokine 19 expression. Therefore, we used
CD133 as a NPC CSC marker because in our study CD133
expression is associated with other CSC characteristics, includ-
ing tumor sphere formation, in vivo tumorigenicity in nude
mice xenografts, and Oct-4 and ALDH1 stem cell marker
expression.
Our characterization of stem-like cell traits are largely based

on sphere formation and in vivo tumorigenicity assays, both of
which are subjected to the influence of cell growth. We and
others have previously reported the inhibitory effect of miR-
200a on NPC andmeningioma cell growth (23, 32). Taking this
into consideration, one might argue that the effects of miR-
200a on sphere formation and tumor volume are indeed due to
altered growth rate of NPC cells rather than their self-renewal
ability. To resolve this, we detected twowell characterized stem
cell markers in tumor spheres and tumor tissues whose expres-
sions are strongly associated with the sphere number and
tumor volume. These results clearly indicate that the self-re-
newal capability of putative stem-like cells is in action. As a
matter of fact, upon miR-200a manipulation, the number of
tumor spheres is changed by more than 3-fold, whereas the
change in NPC cell growth is less than 1-fold only (data not
shown). Therefore, the changes in sphere number and tumor
volume should be dominantly governed by the self-renewing
stem-like cells, with partial contribution fromNPC cell growth.
In conclusion, this is the first study demonstrating the regu-

lation of epithelial-mesenchymal to stem-like transition by
miR-200a in NPC, as well as the differential mechanisms by
which miR-200a modulates EMT and stem-like cell generation
through targeting ZEB2 and �-catenin signaling, respectively.
These results underscore the importance of miRNA in govern-
ing the stem-like properties of cancer cells. Developing miR-

FIGURE 7. Proposed model of the role of miR-200a in EMST.
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200a-based therapy may be beneficial for the clinical treatment
of cancers, including NPC.
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