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Abstract

Background: Recurrence and distant metastasis are still the main factors leading to treatment failure for malignant
tumors including nasopharyngeal carcinoma (NPC). Therefore, elucidating the molecular mechanisms underlying
nasopharyngeal carcinoma metastasis is of great clinical significance for targeted gene therapy and prognostic
evaluation. PinX1, a tumor suppressor gene, was previously demonstrated to be a powerful tool for targeting
telomerase in order to resist malignant tumor proliferation and migration. The aim of this study was to explore the
mechanism through which PinX1 regulates epithelial-mesenchymal transition (EMT) and tumor metastasis in NPC
and investigate its clinical significance and biological role with respect to disease progression.

Methods: Cell Counting Kit-8 (CCK8), Transwell assays, Colony formation analysis and Xenograft tumorigenicity
assay were used to measure the nasopharyngeal CD133" cancer stem cell proliferation, migration, and invasion
abilities. Reverse transcription-quantitative polymerase chain reaction (RT-gPCR) and western blot assays were
conducted to investigate the underlying mechanism that PinX1 inhibits cell proliferation, migration, and invasion
via regulating EMT in nasopharyngeal CD133* CSCs.

Results: We found that the overexpression of PinX1 and P53 inhibited cell proliferation, migration, and invasion,
but that the inhibition of miR-200b blocked these effects, in nasopharyngeal CD133" cancer stem cells (CSCs).
Mechanistic investigations elucidated that PinX1 inhibits cell proliferation, migration, and invasion by regulating the
P53/miR-200b-mediated transcriptional suppression of Snail1, Twist1, and Zeb1, consequently inhibiting EMT in
nasopharyngeal CD133* CSCs.

Conclusions: Our findings indicate that PinX1 inhibits cell proliferation, migration, and invasion via P53/miR-200b-
regulated EMT in the malignant progression of human NPC, which might suggest novel clinical implications for
disease treatment.
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Background

Nasopharyngeal carcinoma (NPC) is a malignant tumor
of the head and neck, which is derived from epithelial
cells located in the nasopharynx, accompanied by early
distant metastasis and local invasion, and associated with
a high incidence in southern China [1]. Some theoretical
evidence demonstrates that the tumorigenesis of NPC is
associated with Epstein-Barr virus infection, tumor sup-
pressors, oncogenes, and environmental factors [2, 3].
Combined with chemotherapy technology, a comprehen-
sive treatment plan based on intensity-modulated radi-
ation therapy has achieved excellent local control of
nasopharyngeal carcinoma [4]. However, tumor invasion
and distant metastasis are still major challenges for suc-
cessful treatment. Further, the molecular mechanisms
underlying tumor invasion and metastasis in NPC need
to be completely clarified.

Increasing evidence has indicated that the process of
epithelial-mesenchymal transition (EMT), characterized
by loss of the epithelial marker E-cadherin and the gain
of mesenchymal markers vimentin and N-cadherin, plays
an important role in the development of tumor invasion
and metastasis for cells of various cancers including
NPC [5-7]. Through EMT, epithelial cells lose cell po-
larity and adhesiveness and thus transform into mesen-
chymal cells, which might induce a cancer stem cell
(CSC) phenotype in tumor cells [8], leading to invasive
and metastatic CSCs [9, 10]. For example, Zhang et al.
[11] demonstrated that leucine-rich repeat-containing G
protein-coupled receptor 5 (LGR5), a stem cell marker
for colon cancer and gastric cancer, can promote EMT
by activating the Wnt/beta-catenin pathway in glioma
stem cells. These findings suggest a vital link between
EMT and the stemness of tumor cells [11, 12]. EMT and
CSCs are key factors in cancer metastasis and invasion;
however, the mechanism connecting EMT to stemness
remains unclear. Therefore, it is imperative to investigate
the molecular mechanisms that drive EMT and tumor-
initiating capacity, which might have significant implica-
tions for the exploration of new therapeutic targets for
the treatment of epithelial malignancies and metastasis.

In our previous work [13], we investigated the role of
Pin2/telomeric repeat factor 1-interacting telomerase in-
hibitor 1 (PinX1) in nasopharyngeal CD133" CSCs and
found that its overexpression could inhibit proliferation,
migration, and invasion and induce apoptosis by signifi-
cantly downregulating c-Myc expression and upregulat-
ing TRF1, Madl, and P53 expression. However, the
underlying mechanisms through which PinX1 regulates
EMT and stemness in NPC have not been fully
elucidated.

MicroRNA-200b (miR-200b) has recently been found
to be highly involved in EMT, tumor metastasis, CSC
self-renewal, and differentiation [14—16]. For example,
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the overexpression of miR-200b was demonstrated to
significantly inhibit tumor cell growth and differentiation
by targeting GATA-4 to downregulate the expression of
CCNDL1 [16]. In addition, miR-200b has also been found
to suppress cell growth, migration, and invasion by tar-
geting Notchl in NPC [17]. Moreover, increased evi-
dence indicates that the tumor-suppressor P53 can
directly regulate miRNAs, which plays crucial roles in
tumor initiation, progression, and metastasis [18, 19].
Accordingly, we hypothesized that PinX1 might regulate
EMT and tumor metastasis in NPC through the func-
tions of miR-200b and P53.

Currently, few studies have explored the potential
mechanisms associated with the cooperation among
PinX1, miR-200b, and P53 during the regulation of EMT
and tumor metastasis in NPC. Therefore, we investigated
the effects of PinX1, miR-200b, and P53 on EMT in
nasopharyngeal CD133" CSCs, aiming to provide new
therapeutic targets to prevent distant metastasis and
NPC progression. In this study, we found that the over-
expression of PinX1 and P53 could inhibit nasopharyn-
geal CD133" CSC proliferation, migration, and invasion
but that the inhibition of miR-200b blocked these ef-
fects. Furthermore, we showed that PinX1 inhibits cell
proliferation, migration, and invasion by regulating the
P53/miR-200b-mediated transcriptional suppression of
Snaill, Twistll, and Zebl, ultimately inhibiting EMT to
repress the migration and invasion of these cells.

Materials and methods

Cell culture and transfection

Nasopharyngeal CD133" cancer stem cells (CSCs) and
CD133™ CSCs were sorted from the nasopharyngeal can-
cer cell line CNE2 (poorly differentiated nasopharyngeal
squamous cell carcinoma cell line; Beijing Concord Cell
Resource Center) using magnetic beads in our previous
work [13]. The cells were cultured in DMEM (HyClone,
USA) supplemented with 5% fetal calf serum (Gibco,
USA) in a humidified incubator with 5% CQO, at 37 °C.
The culture medium was replaced after 24 h, and cells
were passaged after 72 h. Third passages of nasopharyn-
geal CSCs at the logarithmic phase of growth were
divided into the following groups: CD133~ CSCs
(CD133~ CSCs without any transfection), blank (CD133"
CSCs without any transfection), negative control (NC,
CD133" CSCs transfected with empty vector), PinX1
overexpression (CD133" CSCs transfected with
pcDNA3.0-PinX1), P53 overexpression CD133" CSCs
transfected with pcDNA3.0-P53), miR-200b inhibitor
(CD133* CSCs transfected with miR-200b inhibitor),
PinX1 overexpression + P53 overexpression (CD133"
CSCs transfected with pcDNA3.0-PinX1 and pcDNA3.0-
P53) and PinX1 overexpression + miR-200b inhibitor
(CD133" CSCs transfected with pcDNA3.0-PinX1 and
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miR-200 inhibitor). The plasmids used were synthetized
by Shanghai Sangon Biological Engineering Technology
& Services Co., Ltd. (Shanghai, China). All plasmids
were transfected into cells according to the instructions
of Lipofectamine™ 2000 (Invitrogen, Carlsbad, California,
USA). After transfection for 48 h, the cells were har-
vested and used for subsequent studies. The miR-200b
inhibitor (5'-AGAGCUAGCACCAGUAUUA-3") was
designed and synthesized by Suzhou GenePharma Co.,
Ltd. (Suzhou, China).

CCK8 analysis

The proliferative capacity of nasopharyngeal CD133"
CSCs and the transfected CSCs was measured by Cell
Counting Kit-8 (CCK8, GlpBio, USA) analysis. Briefly,
after culture for 24, 48, and 72 h, the cells were seeded
on 96-well plates at 1x10* cells per well. CCK8 was
added to the plates and the plates were incubated for 2
h. The absorbance at 450 nm was determined using a
microplate reader. The experiment was repeated three
times to obtain the mean values. The time point was
regarded as the abscissa, the OD value as the ordinate,
and cell viability curves were plotted.

Migration and invasion assays

The migration and invasion of nasopharyngeal CD133"
CSCs and transfected CSCs were determined by Trans-
well assays. For migration analysis, Six hundred microli-
ters of DMEM supplemented with 10% fetal bovine
serum (FBS) was added to the lower chamber, while 2 x
10* cells in serum-free medium were added to the upper
chamber. The protocol for the invasion analysis was
similar to that of migration analysis, except that the
chambers were covered with Matrigel matrix (BD Biosci-
ences, USA). During incubation, the cells migrated and
invaded through the lower membrane. Cells on the
lower chambers were stained and fixed with 4% parafor-
maldehyde and 0.1% crystal violet, which was followed
by counting under an OLYMPUS CX41 upright micro-
scope. A minimum of four fields of vision were ran-
domly selected from each sample to calculate the mean
number of cells that had moved through the Matrigel as
the index of cell invasion ability.

Colony formation analysis

Nasopharyngeal CD133" CSCs and transfected CSCs
were plated in 6-well plates at 1 x 10* cells per well. The
cells were incubated with serum-free DMEM/F12
medium supplemented with HGF (20 ng/mL), bFGF (20
ng/mL), insulin (10 ng/mL), and B27 and cultured for
10 days in a 5% CO, humidified incubator at 37 °C. After
colony formation was observed, the medium was re-
moved. Cells were washed twice with PBS, fixed with 4%
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formaldehyde, and stained with 5% crystal violet. Col-
onies containing > 50 cells were used for counting.

Xenograft tumorigenicity assay in nude mice
Four-week-old female nude mice with body weight of
17 g were randomly numbered using earrings. A total
amount of 1 x 10* logarithmically growing CD133* CSCs
without any transfection or transfected with pcDNA3.0-
PinX1 and transfected with pcDNA3.0-PinX1 and miR-
200 inhibitor in 0.1 ml 1640 medium without FBS were
subcutaneously injected into the right side of the same
nude mice (N=5 each group), respectively, and tumor
size was measured once a week in the feeding environ-
ment. At 4 weeks after injection, nude mice were sacri-
ficed and tumor grafts were isolated. The size of tumor
grafts was measured using the eq. V = (a%*b)/2, where a
is the short side length of the tumor graft and b is long
side length of the tumor graft. Differences in volume of
tumor graft in CD133" CSCs and CD133" CSCs trans-
fected with pcDNA3.0-PinX1 and CD133" CSCs trans-
fected with pcDNA3.0-PinX1 and miR-200b inhibitor
injected sides were compared. The animals were pro-
vided by the Animal Laboratory of the Southern Medical
University. In vivo experiments were approved by the
Laboratory Animal Committee and conducted in ac-
cordance with the National Laboratory Animal Care and
Maintenance Guide.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was extracted from cultured cells with TRI-
zol reagent (Invitrogen) according to the manufacturer’s
instructions and was used as a template for reverse tran-
scription reactions into cDNA following the instructions
of the Bestar qPCR RT Kit (Applied Biosystems, Grand
Island, NY, USA). RT-qPCR was performed using the
Agilent Stratagene Mx3000 real-time qPCR Thermo-
cycle Instrument (Agilent Stratagene, CA, USA) with
c¢DNA as the template and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as the internal reference. The
PCR amplifications were performed using DBI Bestar®
SybrGreen qPCRmasterMix. The reaction conditions
were as follows: pre-degeneration at 95 °C for 2 min, and
40 cycles of denaturation at 94 °C for 30s, annealing at
58°C for 20s, and extension at 72°C for 20s, followed
by a final extension at 72°C for 10 min. The average
threshold cycle (Ct) values from three PCR assays were
determined and results were calculated based on the
2744t method and normalized to GAPDH levels.
Primers for PinX1, E-cadherin, Vimentin, Snaill, Twist1,
Zebl, and GAPDH were designed and synthesized by
Shanghai Sangon Biotechnology Co., Ltd. (Shanghai,
China) (Table 1).
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Table 1 The primer sequences for relative mRNA used in this

study

D Sequence (5-3") Product Length(bp)
PinX1 F CCAGAGGAGAACGAAACCACG 128
PinX1 R ACCTGCGTCTCAGAAATGTCA

E-cadherin F ACAGGGAGGATTTTGAGCAC 107
E-cadherin R GATCAGCAGAAGTGTCCCTG

Vimentin F AGTCCACTGAGTACCGGAGAC 98
Vimentin R CATTTCACGCATCTGGCGTTC

Snaill F ACTGCAACAAGGAATACCTCAG 242
Snaill R GCACTGGTACTTCTTGACATCTG

Twist] F GAGCAAGATTCAGACCCTCA 115
Twist] R CTCGTGAGCCACATAGCTG

Zebl F CAGCTTGATACCTGTGAATGGG 106
Zebl R TATCTGTGGTCGTGTGGGACT

GAPDH F TGTTCGTCATGGGTGTGAAC 154
GAPDH R ATGGCATGGACTGTGGTCAT

Western blot analysis

Total protein was extracted from 1x 10° cells using
the Radio-Immunoprecipitation Assay (RIPA) lysate
(Beyotime, Nanjing, China). Next, protein concentra-
tion was determined using a BCA Protein Assay Kit
(Beyotime). The pre-treated proteins were added to
the sampling wells (each well approximately 20 ug)
for protein isolation on a 10% separation gel (120V)
and 5% spacer gel (100V) for approximately 2h. The
protein samples were then transferred onto polyvinyli-
dene fluoride membranes (Millipore, USA) and
blocked with 5% non-fat milk for 1.5h. Next, the
membranes were washed and incubated with primary
antibodies including rabbit polyclonal anti-PinX1 (di-
lution, 1:1000), rabbit monoclonal anti-Zeb1 (dilution,
1:1000), rabbit monoclonal anti-Snaill (dilution, 1:
500), rabbit monoclonal anti-E-cadherin (dilution, 1:
3000), rabbit monoclonal anti-Vimentin (dilution, 1:
1500), rabbit polyclonal anti-Twistl (dilution, 1:2000)
and rabbit monoclonal anti-GAPDH (dilution, 1:
10000) at 4°C overnight. The membranes were then
washed and incubated with the horseradish peroxidase
(HRP)-labeled goat anti-rabbit immunoglobulin G
(IgG) secondary antibody (dilution, 1:20000, ab6721)
at 37°C for 4h. All aforementioned antibodies were
purchased from Abcam Inc. (Cambridge, MA, USA).
The target signals were visualized using an enhanced
chemiluminescence detection kit (ECL, Beyotime).
Densitometric analysis of the bands was carried out
using the Gel imaging analysis system. Next, the Gel
Doc XR imager system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) was used for imaging and Quan-
tity One (Bio-Rad version 4.6.2) was used for
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quantitative analysis. The gray value ratio of the tar-
get protein to the internal reference (GAPDH) was
regarded as the relative protein expression. Experi-
ments were repeated three times to obtain the mean
values.

Immunohistochemical staining

The paraffin-embedded tumor tissues prepared from
in vivo experiments were sectioned to a thickness of
4 um and mounted on polylysine-coated slides for im-
munohistochemistry assays to detect protein expression
levels of EMT factors. The indirect streptavidin-
peroxidase method kit (ZSGB-bio, Beijing, China) was
used according to the protocol provided by the manufac-
turer. Briefly, the sections were deparaffinized in xylene
and rehydrated in ethanol of gradient concentrations.
Antigen retrieval was performed by heating at 100 °C in
10 mM citrate buffer (Cwbio, Beijing, China) in a pres-
sure cooker for 20 min. The sections were treated with
3% H,0, for 25 min to quench endogenous peroxidase
activity, and with sheep serum for 30 min to block the
non-specific binding. Then, the sections were incubated
in a humidity chamber with the following antibodies
overnight at 4°C: anti-E-cadherin (Cat. No. 20874—1-
AP, 1:100, PTG, USA), anti-Vimentin (Cat. No. 22031—
1-AP, 1:100, PTG, USA). The biotinylated secondary
antibody, horseradish peroxidase streptavidin (Cat. No.
ab205718, 1:4000, Abcam, USA), and diaminobenzidine
(Cat. No. G1211, Servicebio, China) were used succes-
sively as the detection reagents. Finally, the sections
were counterstained with hematoxylin (Cat. No. G1004,
Servicebio, China) for 1 min. Negative controls without
primary antibody were used to exclude nonspecific
binding.

Statistical analysis

All data are shown as the mean + SEM. Graphpad Prism
6.0 (GraphPad, Inc., USA) was used for statistical
analysis. The statistical analysis methods included Stu-
dent’s t-test and Pearson’s correlation analysis.

Results

PinX1 is downregulated and EMT is promoted in
nasopharyngeal CD133" CSCs

The expression of PinX1, E-cadherin, Vimentin, Snaill,
Twistl, and Zebl in nasopharyngeal CD133" CSCs and
CD133" cells was determined by qRT-PCR and western
blot analysis. The mRNA levels of PinX1 and E-cadherin
were found to be decreased in nasopharyngeal CD133"
CSCs in comparison to those in CD133" cells, but the
mRNA levels of Vimentin, Snaill, Twistl, and Zebl were
elevated (all p <0.05; Fig. 1a). When compared to those
in CD133" nasopharyngeal CSCs, the CD133" CSCs
showed a decrease in the protein levels of PinX1 and E-
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cadherin and an increase in the protein levels of Vimen-
tin, Snaill, Twistl, and Zeb1 (all p < 0.05; Fig. 1b). These
results proved that PinX1 was poorly expressed while
EMT was highly promoted in nasopharyngeal CD133"
CSCs.

Overexpression of PinX1 suppresses EMT by inhibiting
EMT-related transcription factors in nasopharyngeal
CD133* CSCs

We first examined whether PinX1 could regulate EMT
in nasopharyngeal CD133" CSCs by transducing them
with pcDNA3.0-PinX1. The epithelial marker E-cadherin
and the mesenchymal marker Vimentin, related to the
EMT process, were detected using RT-qPCR and west-
ern blot analyses. E-cadherin was significantly upregu-
lated with PinX1 overexpression, whereas Vimentin
showed the opposite pattern, as compared to levels in
the blank and empty vector groups (all p < 0.05; Fig. 2a).

Similar results were found based on western blot assays
(all p <0.05; Fig. 2b). These results imply that the over-
expression of PinX1 might suppress EMT in nasopha-
ryngeal CD133" CSCs. In our previous work [13], the
overexpression of PinX1 was demonstrated to signifi-
cantly inhibit proliferation, migration, and invasion of
these cells, and therefore, PinX1 might inhibit NPC me-
tastasis by suppressing EMT in nasopharyngeal CD133"
CSCs.

To reveal the potential mechanism through which
PinX1 inhibits NPC aggressiveness, the relative mRNA
and protein levels of a series of EMT-related transcrip-
tion factors including Snaill, Twistl, and Zebl were fur-
ther analyzed by RT-qPCR and western blot assays. In
nasopharyngeal CD133" CSCs with stable PinX1 overex-
pression, the EMT-inducing transcription factors Snaill,
Twistl, and Zebl were significantly downregulated as
compared to levels in the blank and empty vector groups
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(all p<0.05; Fig. 2a). Similar results were found based
on western blot assays (all p<0.05; Fig. 2b). Snaill,
Twistl, and Zebl can efficiently inhibit the cell—cell ad-
hesion molecule E-cadherin, and this suppression is con-
sidered a hallmark of activated EMT. Thus, PinX1 might
inhibit Snaill, Twistl, and Zebl expression, leading to
the deregulation of E-cadherin, and inhibiting nasopha-
ryngeal CD133" CSC EMT. These results demonstrated
that PinX1 is involved in EMT and that its overexpres-
sion can inhibit this process in nasopharyngeal CD133"
CSCs.

Overexpression of P53 partially promotes the effects of
PinX1 overexpression on EMT, migration, and invasion in
nasopharyngeal CD133* CSCs

To further investigate the mechanisms underlying the
involvement of PinX1 in nasopharyngeal CD133" CSC
EMT, we next determined whether P53 expression could
affect this process and cell invasion. RT-qPCR and west-
ern blot assays showed that the overexpression of P53
downregulated Vimentin expression and upregulated E-
cadherin expression similar to that observed with PinX1
overexpression. The expression of EMT-related tran-
scription factors including Snaill, Twistl, and Zebl was
also significantly repressed with P53 overexpression
compared to that in the empty vector group. In addition,
pcDNA3.0-PinX1 and pcDNA3.0-P53 co-transfection
further inhibited Vimentin, Snaill, Twistl, and Zebl ex-
pression and promoted E-cadherin expression (Fig. 3a,
b). Moreover, the overexpression of P53 significantly
inhibited cell migration/invasion ability, and the co-
overexpression of P53 and PinX1 further suppressed cell
migration/invasion ability (Fig. 3c). Our previous work
demonstrated that the overexpression of PinX1 upregu-
lates P53 expression. Thus, PinX1 might upregulate P53

expression in nasopharyngeal CD133" CSCs to synergis-
tically inhibit EMT.

The inhibition of miR-200b blocks the effects of PinX1
overexpression on EMT, migration, and invasion in
nasopharyngeal CD133* CSCs

Further, we investigated whether miR-200b plays an im-
portant role in EMT and nasopharyngeal CD133* CSC
invasion ability. RT-qPCR and western blot analysis
showed that the overexpression of PinX1 significantly
downregulated Vimentin, Snaill, Twistl, and Zebl
expression and upregulated E-cadherin expression;
however, the co-transfection of pcDNA3.0-PinX1 and a
miR-200b inhibitor diminished the effects of PinX1 in
nasopharyngeal CD133" CSCs (Fig. 4a, b). Moreover,
PinX1 overexpression inhibited cell migration/invasion
ability; however, pcDNA3.0-PinX1 and miR-200b inhibi-
tor co-transfection prevented these effects in nasopha-
ryngeal CD133" CSCs (Fig. 4c). Thus, these results
confirmed that PinX1 suppresses EMT via a miR-200b-
dependent pathway.

Overexpression of P53 promotes nasopharyngeal CD133"
CSC proliferation and sphere formation ability in vitro but
miR-200b inhibition blocks the effects of PinX1
overexpression

Finally, the cell proliferation and in vitro sphere for-
mation ability of nasopharyngeal CD133" CSCs fol-
lowing transfection were determined via CCKS8 and
colony formation analyses. The relative viability of
nasopharyngeal CD133" CSCs following transfection
in each group is shown in Fig. 5a. No differences at
the 24-h time point were found among the groups
(»p>0.05). In contrast to that observed in the blank
and vector groups, the PinX1, P53, and PinX1 + P53
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groups exhibited inhibited cell viability at 48 and 72h
(all p<0.05). However, this did not differ significantly
among the blank, vector, and PinX1 + miR-200b in-
hibitor groups (p >0.05). To further elucidate the ef-
fects of PinX1 on tumor growth, colony formation
analyses were performed as shown in Fig. 5b. Com-
pared to those in the blank and vector groups, stem

cell spheres of different sizes and irregular shapes
were obviously reduced in PinX1, P53, and PinX1 +
P53 groups, while no significant differences were ob-
served in the PinX1+ miR-200b inhibitor group.
Altogether, the overexpression of PinX1 inhibits naso-
pharyngeal CD133" cancer stem cell proliferation by
activating the miR-200b and P53 pathway.
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Twist1,

The inhibition of miR-200b blocks the effects of PinX1
overexpression on nasopharyngeal CD133* CSCs
tumorigenesis and EMT in vivo

Furthermore, an in vivo tumour formation experiment
by subcutaneously injecting CD133" CSCs without any
transfection (Blank group), CD133" CSCs transfected
with pcDNA3.0-PinX1 (PinX1 group) and CD133* CSCs
transfected with pcDNA3.0-PinX1 and miR-200b inhibi-
tor (PinX1 + miR-200b inhibitor group) into nude mice
were conducted to confirm the effects concerning PinX1
and miR-200b axis (Fig. 6). After 28 days of implant-
ation, the mice injected with PinX1 overexpression cells
had smaller tumour burdens than blank group while no
significant differences were observed in the PinX1 +
miR-200b inhibitor group (Fig. 6a, b). And the growth
rate of tumor on mice injected with PinX1 overexpres-
sion cells was significantly lower than blank group while
no significant differences were observed in the PinX1 +
miR-200b inhibitor group (Fig. 6¢). In accord with in vi-
tro results, overexpression of PinX1 strongly suppressed
the protein and mRNA expression levels of epithelial

marker E-cadherin and promoted the expression of mes-
enchymal marker Vimentin that related to the EMT
process in vivo, while the effects could be reversed by
co-inhibition of miR-200b (Fig. 6d and e). These tu-
mours also exhibited an increase in E-cadherin expres-
sion and a reduction in Vimentin expression in
xenografts derived from PinX1 overexpression nasopha-
ryngeal CD133" CSCs, while the expression levels were
reversed by co-inhibition of miR-200b via immunohisto-
chemistry (Fig. 6f). These results showed PinX1 overex-
pression significantly inhibits tumorigenesis and EMT
in vivo while miR-200b inhibition blocks the effects, in-
dicating that miR-200b signal pathway played a vital role
on PinX1 regulating aggressive behaviors of nasopharyn-
geal CD133" CSCs.

Discussion

Although multimodal treatment for the local control of
NPC has achieved great advances, with an improved 5-
year survival rate (approximately 80%), local recurrence
and distant metastasis are still primarily responsible for
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locked the effects of PinX1 overexpression on cell proliferation and sphere

treatment failure and death associated with NPC [20].
Therefore, a better understanding of the underlying
mechanism of NPC metastasis is the key to explore
novel treatment strategies for patients with this disease.
CSCs, a group of “tumor-initiating cells” possessing the
capacity to initiate tumor growth, self-renewal proper-
ties, and multi-drug resistance, have been found to be
highly related to tumor occurrence, development, and
metastasis [21]. Over the years, increasing studies have
focused on understanding the biological properties and
mechanisms of CSC formation to develop novel strat-
egies to identify these stem-like cancer cells and to tar-
get them specifically [22-24]. EMT is considered an
important process that leads to tumor invasion and dis-
tant metastasis, and it has become an important bio-
logical characteristic of CSCs that confers new biological
behaviors such as chemotherapy resistance, anti-

radiation properties, recurrence, and distant metastasis
[25]. Guen et al. [26] demonstrated that EMT programs
promote basal mammary stem cell and tumor-initiating
cell stemness by inducing primary ciliogenesis and
Hedgehog signaling. Further, Nomura et al. [27] found
that the overexpression of CD133 can increase the
expression and secretion of IL1 beta (IL1B), which acti-
vates an autocrine signaling loop that upregulates NF-
kappa B signaling, EMT, and cellular invasion. These
results together indicate that EMT and CSCs are mutu-
ally interdependent and together confer specific
biological behaviors to the tumor.

In this study, we demonstrated that EMT participates
in NPC progression. The epithelial marker E-cadherin
was decreased, and the mesenchymal marker Vimentin
was increased in nasopharyngeal CD133" CSCs com-
pared to levels in nasopharyngeal CD133” CSCs. One
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important characteristic of EMT is the decrease in cad- series of EMT-related transcription factors including
herin expression and the increase in vimentin expres-  Snaill, Twistl, and Zebl were detected. Twistl is the
sion, which indicates that EMT was significantly most important regulator of EMT and is significantly as-
promoted in nasopharyngeal CD133" CSCs. To provide  sociated with expression of the mesenchymal markers fi-
a more comprehensive understanding of tumor EMT, a  bronectin and vimentin [28]. Zhu et al. [29] found that
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Twistll is involved in EMT in esophageal cancer and
cancer-associated fibroblasts and plays a vital role in
tumor growth in vivo. Another transcription factor that
is closely related to EMT is Snaill, a zinc finger tran-
scriptional repressor that can induce morphological and
molecular changes that are characteristic of EMT in
breast cancer cells [30]. In addition, Ota et al. [31] found
that Snail-induced EMT maintains the CSC-like pheno-
type, and enhances sphere formation capability, che-
moresistance, and invasive ability in head and neck
squamous cell carcinoma cells. Moreover, Zebl, a
powerful EMT-related transcription factor, significantly
mediates doxorubicin resistance and mesenchymal char-
acteristics in hepatocarcinoma cells [32]. Therefore, un-
derstanding the function of transcriptional factors such
as Snaill, Twistl, and Zebl is necessary to achieve a
more comprehensive understanding of tumor EMT. The
high expression of Snaill, Twistl, and Zebl in nasopha-
ryngeal CD133" CSCs indicated that EMT was pro-
moted via the upregulation of these markers.

Telomerase and its core component human telomerase
reverse transcriptase (WTERT) are crucial players in cancer
metastasis and stemness. El-Badawy et al. [33] investigated
the function of hTERT in EMT in CSCs and suggested
that targeting this marker might improve the elimination
of breast CSCs by coordinating with EMT through a feed-
back loop. Using gastric cancer as a model, Liu et al. [34]
also demonstrated that hTERT stimulates EMT and in-
duces cancer cell stemness, thereby promoting cancer me-
tastasis and recurrence. Therefore, targeting hTERT
might prevent cancer progression by inhibiting EMT and
CSCs. Our previous work demonstrated that the overex-
pression of PinX1 significantly decreases hTERT expres-
sion, inhibits proliferation, migration, and invasion, and
induces apoptosis in nasopharyngeal CD133" CSCs by
regulating TRFs and Madl/c-Myc/P53 pathways [13].
However, the ability of PinX1 to alter the biology of can-
cer cells needed to be further clarified. Specifically, we
found that EMT is significantly inhibited by PinX1 overex-
pression. Further, in this study, E-cadherin was found to
be upregulated and Vimentin, Snaill, Twistl, and Zebl
were downregulated when PinX1 expression was pro-
moted. Hence, the inhibitory effect on EMT was suggested
to be due to PinX1-mediated suppression of the expres-
sion of key transcriptional factors involved in this process.
In addition, the overexpression of PinX1 was found to di-
minish the migration and invasion of nasopharyngeal
CD133" CSCs. These results confirmed the role of PinX1
in suppressing tumor aggressiveness in NPC cell lines.

To further reveal the mechanisms underlying the
involvement of PinX1 in EMT in nasopharyngeal
CD133" CSCs, the probable related pathways were
determined. Since PinX1 was previously found to be
associated with P53 and MYC pathways [13], this
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study further clarified whether P53 is involved in
modulating these pathways and suppressing NPC ag-
gressiveness. The expression of E-cadherin was found
to be upregulated while the expression of Vimentin
and EMT-related transcription factors including
Snaill, Twistl, and Zebl, was significantly suppressed
upon P53 overexpression. Co-transfection with
pcDNA3.0-PinX1 and pcDNA3.0-P53 further inhibited
Vimentin, Snaill, Twistl, and Zebl expression and
promoted E-cadherin expression. In addition, the
overexpression of PinX1 significantly upregulates the
expression of P53 in nasopharyngeal CD133" CSCs
[13]. These results confirmed that P53 plays a crucial
role in PinX1-regulated EMT and tumor aggressive-
ness in NPC.

Furthermore, this study investigated the function of
miR-200b in PinX1-regulated EMT in nasopharyngeal
CD133" CSCs. MicroRNAs (miRNAs) are an import-
ant class of tumor suppressors or oncogenes that
function by regulating their target genes through
mRNA degradation, post-transcriptional repression, or
promoter activation [35, 36]. These molecules have
been recently reported to be closely associated with
tumor growth, metastasis, and angiogenesis via tran-
scription factor P53 pathways [37, 38]. Taewan Kim
et al. [39] reported that P53 suppresses EMT by
transactivating miR-200 family members and then
repressing the expression of ZEB1 and ZEB2. Here,
we found that the inhibition of miR-200b significantly
blocks the effects of PinX1 overexpression on EMT,
migration, and invasion in nasopharyngeal CD133"
CSCs. In addition, the proliferation and in vitro
sphere formation abilities of nasopharyngeal CD133*
CSCs were significantly recovered after inhibiting
miR-200b. These data together revealed that miR-
200b is a key target of PinX1 during the inhibition of
EMT.

P53-induced miRNAs played a key role in tumor
proliferation, metastasis, and angiogenesis by regulat-
ing EMT during the initiation and development of
cancer; for example, P53-induced miR-1249 might
suppress colorectal cancer (CRC) growth, metastasis,
and angiogenesis by targeting VEGFA and HMGA2,
in addition to regulating the Akt/mTOR pathway
and EMT processes [19]. In addition, Laudato et al.
[18] also found that P53-induced miR-30e-5p might
inhibit CRC invasion and metastasis by targeting
ITGA6 and ITGBI1. Here, we observed that the over-
expression of PinX1 and P53 inhibits cell prolifera-
tion, migration, and invasion, but that the inhibition
of miR-200b blocked these effects, in nasopharyngeal
CD133" CSCs. In addition, we found that PinX1 and
P53 inhibit EMT by suppressing Snaill/Twist11/Zebl
expression.
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Conclusions

In conclusion, we show here that PinX1 inhibits cell pro-
liferation, migration, and invasion by regulating the P53/
miR-200b-mediated transcriptional —suppression of
Snaill, Twistl and Zebl, consequently inhibiting EMT,
in nasopharyngeal CD133" CSCs. As these processes
play a crucial role in the malignant progression of hu-
man NPC, our results have showed that P53/miR-200b
axis may be a pivotal target for NPC therapy.
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