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Abstract

Background
Nasopharyngeal carcinoma (NPC) is a malignancy of head and neck cancer. miR-433 was downregulated
in various of cancers. However, the roles and underlying mechanisms of miR-433 in the hypoxic
microenvironment of NPC have not been clari�ed.

Methods
Real-time quantitative PCR, Western blot assay were performed to examine miR-433 and hypoxia-
inducible factor-1α (HIF-1α) levels in NPC tissue and cells. Cell proliferation, migration of differentially
expressed miR-433 cells was measured by Cell Counting Kit-8, Transwell analysis in vitro. Nude mice and
zebra�sh model were used to con�rm the effect of miR-433 in vivo. Luciferase reporter assays was used
to determine whether HIF-1α was a direct target of miR-433.

Results
RT-qPCR, Western blot assay were performed to show that miR-433 was down-regulated while hypoxia-
inducible factor-1α (HIF-1α) was overexpressed in NPC. Cell proliferation, migration of differentially
expressed miR-433 cells was measured by CCK8, Transwell analysis in vitro. Our data showed that miR-
433 suppressed proliferation and migration of hypoxic NPC cells by directly binding the 3'-untranslated
region (UTR) of HIF-1α. Knockdown the expression of HIF-1α in the miR-433 inhibitor treated hypoxic
CNE2 cells partially reversed the effect. Nude mice and zebra�sh model were used to con�rm the effect of
miR-433 in vivo. Luciferase reporter assays was used to determine whether HIF-1α was a direct target of
miR-433.

Conclusions
NPC cells proliferation, migration, cell cycle arrest, colony formation, and the epithelial mesenchymal
transition (EMT) progression were all inhibited by miR-433 by directly targeting HIF-1α. miR-433 could act
as cancer suppressor miRNA and represent an effective therapeutic strategy for NPC.

Background
Nasopharyngeal carcinoma (NPC) is a common malignant tumor of the head and neck with poor
prognosis [1]which cause the main death among all head and neck cancers with 60,600 incidences and
34,100 deaths in 2015 especially in Southern China [2, 3]. At �rst diagnosis, NPC patients often present
with advanced stages and the progression-free survival is only 6 months[3]. Despite of the developments
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of the radiotherapy, survival of advanced NPC patients is still poor because of recurrence, locoregional
failure distant metastasis. Researches have concentrate on molecular defects including the dysregulation
of miRNAs[4, 5]. miRNAs have been shown to regulate the progression of NPC by targeting speci�c
mRNAs, such as miR-449b-5p [6], miR-205[7, 8], miR-31-5p[8] have been shown to be a potential diagnostic
biomarker in NPC.

microRNAs (miRNAs) are small non-coding RNAs with an average length of 20–22 nucleotides. miRNA
partially or completely complementing the 3’-untranslated region (UTR) of target genes[3] and triggers
either mRNA degradation or inhibition of translation[9]. miRNA is involved in numerous biological cellular
processes including proliferation, metastasis, apoptosis[10–12]. Some miRNAs are down-regulated in
hypoxic cells[13, 14].

The hypoxic microenvironment is one of the major features of solid tumors and is strongly associated
with poor prognosis of NPC[15]. Hypoxia-inducible factor-1α (HIF-1α) mediated tumor cells to adapt to
hypoxic condition. HIF-1α accelerates the abnormal angiogenesis, metastasis, invasion of tumors [16].

Various studies have determined that miR-433 is downregulated in various of cancers such as cervical
cancer[17], gastric carcinoma[18, 19], hepatocellular carcinoma[20, 21]. Aberrantly expressed miR-433
suppresses cell proliferation, differentiation, invasion[22], and is responsible for 5-�uorouracil
sensitivity[23] indicating that it plays a tumor-suppressive role in normal tissues. A cohort of cancer
pathways related genes has been identi�ed and validated as targeted genes of miR-433, such as,
AKT3[24], GRB2[25], Homeobox A1[26], PDCD4[27]. However, the etiopathological role of miR-433 in NPC
remains largely unknown.

In the present study, the potential role of miR-433 in regulating NPC has been investigated. We identi�ed
miR-433 was downregulated in NPC cell lines and clinical tissues. HIF-1α was veri�ed as a novel direct
target of miR-433 participates in NPC cell growth and migration. Thus, this newly established miR-433/
HIF-1α axis plays a key role in NPC proliferation and migration and represents a novel prognostic and
therapeutic strategy for NPC.

Material And Methods
Cell culture and treatment

The NPC cell line CNE2 and the human immortalized nasopharyngeal epithelial cell line NP69 were
accepted from Sun Yat-Sen University (Guangzhou, China) as gifts. The NPC cell lines (CNE1, 5-8F, 6-10B)
were gifts from the Xiangya School of Medicine, Central South University. NP69 cells were cultured in
serum-free medium. The four human NPC cell lines (CNE-1, CNE-2, 5-8F, 6-10B) were cultured in RPMI
1640 medium with 10% FBS (Gibco). Among them, 5-8F and 6-10B cells were cultured
in complete medium with 100 U/mLpenicillin, 100 μg/mL streptomycin (Shanghai Genebase Gen-Tech
Co., Ltd., Shanghai, China). All of these cell lines were incubated at 37 ° C in a humidi�ed atmosphere
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containing 5% CO2 . In the hypoxic experiments, cells were placed in an anoxic model incubator (Billups-
Rothenberg) maintained in an atmosphere of 1% O2 , 5% CO2 and 94% N2 .

Statement of Ethics

The experiment was conducted with the true understanding and written consent of each patient who have
been performed with the appropriate participants' informed consent in compliance with the Helsinki
Declaration. All fresh primary NPC specimens with paired nasopharyngeal epithelial samples were
obtained from Nantong University A�liated Hospital(2019-L065). All patients did not receive any anti-
tumor treatment prior to biopsy. All patients were con�rmed by histopathology. All experiments conducted
were endorsed by the Academic Committee of Nantong University. All animal experiments were ethically
approved by the Jiangsu Provincial Laboratory Animal Management Committee and followed the NIH
guidelines.

Cell Transfection

miR-433 mimic/ mimics NC/inhibitor/ inhibitor NC (Shanghai,China) at a �nal concentration of 30 nM
were transfected into cells (1 x 105 / well) using Lipofectamine 2000 (Invitrogen) according to the
manufacturer's instructions. Hs-miR-433 mimic: 5′-AUCAUGAUGGGCUCCUCGGUGU-3′. Hs-miR-433
inhibitor: ACACCGAGGAGCCCAUCAUGAU. The same method as mentioned above was used for the
PEGFP-shHif-1α expression vector and the PEGFP-shRNA-NC expression vector (GeneChem, China). After
24 hours of transfection, cells were harvested and subjected to further analysis.

Western blot analysis

Western blot analysis was carried out as described previously. The antibodies used were as follows: anti-
HIF-1α (Abcam; 1: 2,000 dilution), β-actin (Santa Cruz Biotechnology, CA, USA, 1: 2,000 dilution), Vimentin,
E-cadherin, N-cadherin, P65,p-P65 (Cell Signaling Technology, Danvers, MA, USA, 1: 1,000 dilution).
Membranes were washed, then incubated with goat anti-rabbit horseradish peroxidase-conjugated
antibody (Santa Cruz Biotechnology; 1: 1,000 dilution).Blots were then developed by enhanced
chemiluminescence (ECL; Cell Signaling Technology). 

RT-qPCR

According to the manufacturer's instructions, 1 ml of Trizol (Invitrogen) was added to the tissues and
cells, and total RNA was extracted by homogenization on ice. The real-time PCR system was subjected to
real-time quantitative PCR (RT-qPCR) and SYBR Green PCR master mix (Thermo Fisher) for miRNA and
mRNA analysis. The relative expression of miRNA was normalized against U6 RNA and mRNA expression
 was normalize using GAPDH, respectively.

Dual Luciferase Reporter Assay
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To study the regulation of target genes by microRNAs, bioinformatics methods to predict potential target
genes and intervention site sequences of miR-433, and design appropriate microRNA plasmids or
intervention fragments, and construct reporter plasmids of target genes. Then, 293 cells (or other cells of
interest) were cultured and seeded in a 12-well plate and grown for 24 hours. The reporter plasmid was
co-transfected with the miR-433 binding sequence. The harvested cells are added to a speci�c luciferase
substrate, and the luciferase reacts with the substrate to produce �uorescein, and the activity of the
luciferase is determined by measuring the intensity of the �uorescence.

Cell viability assay

Cell viability was determined over time via Cell Counting Kit-8 (Beyotime Institute of Biotechnology,
Shanghai, China). Cells were dissociated and seeded in 96-well plates (5 × 103 cells/well) and the plates
were pre-incubated in an incubator for a suitable time (37 ° C, 5% CO2 ). 10 μl of CCK8 solution was
added to each well(100 μl medium), and plates were returned to the incubator for 1-4 hours. The
absorbance at 450 nm was measured by using a microplate reader.

Transwell Assay

Brie�y, 5×104 cells were mixed and transfected with serum-free DMEM, placed in the upper chamber of a
24-well Boyden Chamber (Millipore, 8-μm pore size), and 500 μl containing 10% FBS in the lower
chamber. Medium. The plates were placed in an anoxic modular incubator (Billups-Rothenberg). After
culturing for a suitable period of time, the chamber was taken out, �xed by methanol for 30 minutes, and
crystal violet stained for 30 minutes. The upper layer of unmigrated cells was gently wiped off with a
cotton swab; and washed 3 times with PBS. All migrated cells were counted using a microscope.

Flow cytometry

Cells were transfected in 6-well plates for 24 hours under hypoxic conditions. 1 x 106 transfected cells
were harvested and �xed in 70% ethanol at 4 °C overnight. Wash cells 3 times with washed phosphate
buffered saline (PBS), and the cells were stained in PI (BD Biosciences, Oxford, UK) staining solution in
the presence of DNase without DNase in the dark. After incubation for 30 minutes in the dark at room
temperature, cells were assayed by �ow cytometry using cell quest software (BD FACS Aria).

Immunohistochemistry

The expression of EMT markers, ki67 and HIF-1α in NPC was analyzed by immunohistochemistry using
DBA Assay Kit (ZSGB, China). Antibody drops were incubated on sections: anti-E-cadherin/N-
cadherin/vimentin ( 1:100, CST, USA), anti-ki67 (1:100, Abcam, USA), anti-HIF-1α (1:100, Abcam, USA).
Each experimental group was observed under a microscope (Leica, Wetzlar, Germany).

Quantitative analysis of serum HIF-1α expression levels
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The concentration of HIF-1α in the serum samples of NPC patients was quantitatively analyzed using an
enzyme-linked immunosorbent assay (ELISA) (HIF-1α ELISA kit, CSB-E12112h, CUSABIO) according to the
kit instructions. About 100 μL of the standard control sample and the serum sample were added to a
microtiter plate coated with HIF-1α antibody, followed by incubation for 2 hours at 37 ° C. Finally,
absorbance can be measured at 450 nm and analyzed by the following method: Curve Expert.

Zebra�sh transfer model

Nasopharyngeal carcinoma cells were injected into zebra�sh, nasopharyngeal carcinoma cells were
stained (2 g/ml of DiI, 30 min), 100-500/5 μl suspended in minimal medium, and injected into F1
zebra�sh embryo (48h) yolk sac. After 48h, the cell mass transfer in zebra�sh was observed by
�uorescence microscope and statistical analysis was performed.

Xenograft

All BALB/c at hymic nude mice (5-6 weeks old) were provided by Shanghai Laboratory Animal Center,
China, and kept in a speci�c pathogen-free environment. All mouse experiments followed institutional
guidelines. CNE2 cells (1 × 106) in 0.1 ml 1640 medium without fetal bovine serum were subcutaneously
injected into the mice. After 24 days, tumors were resected and measured for volumes.

Statistical analysis 

Each experiment was repeated three times. Statistical analysis using Prism6 and SPSS 19.0 software for
statistical analysis.The t test was used for comparison between groups. Data are expressed as mean ±
standard deviation; P < 0.05 is considered statistically signi�cant.

Results
miR-433 was downregulated in NPC tissues and cell lines 

Numerous studies have suggested tumor suppressor functions of miR-433 in different malignancies[11, 22,

28]. To further substantiate a role of miR-433 involved in cancer development, we �rst analyzed the
relevant data in The Cancer Genome Atlas (TCGA) library (https://www.cbioportal.org). According to the
database, miR-433 has been recognized to be deregulated in head and neck squamous cell cancers
(HNSC) (Fig. 1a). As NPC is the most common head and neck cancer, we further explored the expression
level and the clinic-pathological signi�cance of miR-433 in NPC. We found miR-433 was markedly down-
regulated in 10 freshly-frozen NPC tissues compared with normal nasopharyngeal epithelial tissue
samples (Fig. 1b). Consistent with this result, miR-433 down-regulated in serum samples of NPC (Fig. 1c).
As pointed out in Fig. 1d, miR-433 expression was signi�cantly decreased in NPC cell lines (CNE1, CNE2,
5-8F, 6-10B) compared to the normal nasopharyngeal cell line (NP69). Notably, CNE2 cells expressed
much lower miR-433 levels. Therefore, CNE2 cells were chosen to further studied the effect of miR-433 on
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NPC progression. Taken together, above data suggested that the expression levels of miR-433 were
downregulated in NPC tissues and cell lines. 

To further explore the role of miR-433 on the malignant phenotypes of NPC cell, we constructed both miR-
433 overexpression and knockdown cell lines using lentiviral-based approaches. As indicated in Fig.1e-g,
microscopy image showing the cells were infected with lentivirus (Fig. 1g), RT-qPCR results showed the
expression of miR-433 was upregulated ~3.79-fold (Fig. 1e) in miR-433 mimic treated CNE2 cells and
decreased to nearly 86% (Fig. 1f) in miR-433 inhibitor treated CNE2 cells. 

miR-433 inbibiting NPC cell proliferation and induced cell cycle arrest in vitro 

We performed the CCK-8 assay with CNE2 cells. Overexpressed miR-433 remarkably inhibited the
proliferation of CNE2 cells, whereas knockdown of miR-433 enhanced the growth of CNE2 cells
signi�cantly (Fig. 2a-b). We presumed that miR-433 affected cell cycle progression of NPC cells. miR-433
overexpression induced G1-phase arrest determined by �ow cytometry analysis. miR-433 knockdown
antagonized this effect of miR-433 overexpression (Fig. 2c-d). Colony formation assays showed that
compromised colony-forming ability of CNE2 cells transfected with miR-433 lentivirus, whereas
compared with control cells, miR-433 knockdown promoted cell growth (Fig. 2e-f). Dates above supported
the �nding that ectopic expression of miR-433 exerted tumor suppressor function by inhibiting NPC cell
proliferation, inducing cell cycle arrest.

Many researchers indicated that activated NF-κB signaling has been shown associated with several
aspects of tumorigenesis such as angiogenesis, metastasis, anti-apoptosis and therapy resistance[29]. As
shown in Fig. 2g , the active expression levels of NF-κB were decreased in the miR-433 mimic treated
CNE2 cells, whereas the protein levels of activated NF-κB were signi�cantly increased in CNE2-miR-433-
inhibitor cells. These results demonstrated that miR-433 regulated the NF-κB signaling pathway in NPC.

miR-433 Negatively Regulated CNE2 Migration in vitro and in vivo

Transwell migration assays showed that miR-433 mimic transfected CNE2 cells strikingly decreased the
migration capacity, which markedly increased in miR-433 inhibitor treated CNE2 cells (Fig. 3a-b). Based
on this, we speculated that miR-433 may participate in the process of EMT.As showed in Fig, 3c, miR-433
mimic increased the E- cadherin level, which acts as an epithelial cell marker.As the same time, the level
of the mesenchymal marker N-cadherin and Vimentin was down-regulated. Dil-labeled CNE2 cells with
different miR-433 expression levels were injected at the blastula stage to explore the potential effect of
miR-433 on CNE2 cells metastases in vivo. After implantation for 8 days, more miR-433 inhibitor treated
CNE2 cells were disseminated away from primary sites (Fig. 3d-e). These �ndings emphasize that miR-
433 negatively regulates cell migration. 

HIF-1α was a Direct Target of miR-433 
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In order to distinguish the molecular mechanisms responsible for the effect of miR-433 observed above,
the online bioinformatic analysis were employed to identify potential miR-433 target genes (Fig. 4a).
Bioinformatics analysis (TargetScan, miRDB, DIANA) revealed that HIF-1α was predicted by databases
mentioned above. HIF-1α lays a central role in the metastatic process of NPC. We came up with an
assumption that miR-433 may inhibit the progression of NPC by directly targeting HIF-1α. We then
analyzed the expression of HIF-1α in NPC. As showed in Fig. 4b, HIF-1α was overexpressed in the serum
of NPC patients. We next measured the expression levels of HIF-1α in human NPC samples by
immunochemistry and Western blot analysis. We analyzed HIF-1α expression in NPC tissues and normal
tissues using immunochemistry. The results showed that the expression level of HIF-1α was
overexpressed in NPC samples which was mainly localized to the nuclei (Fig. 4c). Western blot results
were further con�rmed the result that HIF-1α was over-expressed in NPC tissues (Fig. 4d-e). As indicated
in Fig. 4f, HIF-1α protein expression level was higher in hypoxic CNE2 and 5-8F compared to the normoxic
cells. In addition, after incubating NPC cells under oxygen deprivation conditions, Western blot analysis
showed that the protein expression of HIF-1α increased with a time dependency (Fig. 4g-h). As Fig. 4i-j
showed, after exposing cells to CoCl2 in serum-free medium under normal conditions to mimic hypoxic
conditions, HIF-1α up-regulated with a concentration dependency. 

To further con�rm the conjecture that miR‐433 functions by directly targeting HIF-1α, we investigated the
in�uence of mutative miR-433 level on the expression of HIF-1α under hypoxia conditions. 

After transfection of miR-433 mimic or miR-433 inhibitor, the HIF-1α protein level was altered in hypoxic
CNE2 cells, changes of which were determined by Western blot analysis(Fig. 4k). The cellular
immuno�uorescence data showed that HIF-1α levels, under hypoxia, were consistently down-regulated in
miR-433 mimic treated CNE2 cell lines while miR-433 inhibitor resulted in the opposite results (Fig. 4l).
HIF-1α expression was attenuated in CNE2 cells after transfected with miR-433 mimic as well as been
promoted after miR-433 inhibitor transfection (Fig. 4k-l). As bioinformatics analysis indicated that the 3'-
UTR of HIF-1α contained a predicted binding site for miR-433 (Fig. 4m), a luciferase reporter assay was
then carried out. Results showed that miR-433 inhibited the luciferase activity of the WT 3′-UTR of HIF-1α
(Fig. 4n) which indicated that HIF-1α was a direct target of miR-433. 

HIF-1α ameliorates the inhibitory effect of miR-433 on NPC progression 

To further con�rm the hypothesis that miR-433 regulated NPC progression through directly targeting HIF-
1α, miR-433 inhibitor treated CNE2 cells were then transfected with sh-HIF-1α under hypoxic conditions.
HIF-1α knockdown was veri�ed byWestern blotting analysis (Fig. 5a). The ectopic expression of HIF-1α
rescued miR-433-mediated migration and proliferation of CNE2 cells (Fig. 5b-c). According to the results
of CCK-8 assays, knockdown of the expression of HIF-1α increased the inhibitory effects of miR-433 on
cell proliferation signi�cantly (Fig. 5b). Moreover, suppressed migration of hypoxic CNE2 cells were
accelerate by knockdown of HIF-1α (Fig. 5c). In a word, results above con�rmed that the miR-433/ HIF-1α
axis played an important role in proliferation process as well as in cell migration ability of NPC cells. 
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miR-433 inhibits xenograft tumor growth in vivo 

To further explore the impact of miR-433 on tumor growth in vivo, xenograft animal model was set up by
implanting the CNE2 cells with stable overexpression and knockdown of miR-433 into nude mice. Every
four days, each mouse was monitored. Compared with tumors derived from miR-433-NC transfected
CNE2 cell, stable over-expressed miR-433 treated CNE2 cells result in the decrease in tumor volume (Fig.
6a-b). Signi�cantly larger average tumor volume was in miR-433-inhibitor treated cells than that in control
mice, at the same time, tumors were also heavier (Fig. 6c-d). 

Moreover, RT-qPCR analysis was shown in Fig. 6e, miR-433 level was increased in the miR-433 mimic
transfected group, while decreased in miR-433 inhibitor treated group. HIF-1α expression was decreased
in the miR-433 mimic treated group, as elevated HIF-1α expression was in miR-433-inhibitor- transfected
group (Fig. 6f). As shown in Fig. 6f, Ki-67 staining of the xenograft tumors was further con�rming the
suppressing effect of miR-433 on NPC proliferation. Immunohistochemistry (Fig. 6f) Western blot(Fig. 6j)
and RT-qPCR (Fig. 6g-i) analyzed the expression of E-cadherin, N-cadherin, Vimentin which was further
con�rmed the inhibitory effect of miR-433 on EMT. In vitro studies revealed that miR-433 suppressed NPC
tumor growth by repressing HIF-1α expression and EMT. 

Discussion
In this study, for the �rst time, we identi�ed miR-433 was a tumor suppressor in NPC. miR-433 suppressed
the metastasis and proliferation in NPC. NF-κB signaling pathway was also regulated by miR-433.
Bioinformatics analysis and luciferase reporter assays were used to validate HIF-1α as a direct target of
miR-433. Overexpression or knockdown of miR-433 in hypoxic CNE2 cells responsively modi�ed the
expression levels of HIF-1α. Furthermore, knockdown the expression of HIF-1α arrested the stimulatory
impact of miR-433 inhibitor. Our data demonstrated that miR-433 acts as a tumor- suppressor by
inhibiting CNE2 cell proliferation, colony formation, migration in vitro and by slowing in vivo tumor
growth.

HIF-1α accumulated under hypoxic condition. HIF-1α plays an essential mediator of cellular response to
hypoxia including drug resistance, metastasis, tumor proliferation, differentiation and radio-resistance as
well as in NPC. As we previously showed that HIF-1α overexpression is associated with poor prognosis in
NPC patients[30]. In presented research, we showed that, hypoxic NPC cells exhibited enhanced migration
and proliferation capability, which was suppressed by miR-433 in NPC cells.

miRNAs play as important regulators in tumorigenesis and microenvironment reprogramming. Oncogenic
or tumor-suppressive effect in cancer pathogenesis were detailed elucidated which may help us identify
effective biomarkers for cancer diagnosis and prognosis as well as therapeutic targets. Numerous
studies reported the dysregulation of miRNAs have differential effects on NPC[31]. miR-433 is located at
14q32 (miRBase, http:microrna.sanger.ac.uk/) in humans, a region that is often involved in several types
of translocations in hematological malignancies. Abnormal expression of miR-433 was reported in
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variety types of human cancer. Downregulation of miR-433 was observed in cervical cancer[17], gastric
carcinoma[18, 19], hepatocellular carcinoma[20, 21]. miR-433 directly targeted metadherin to regulate the β-
catenin and AKT signaling pathways which inhibited cervical cancer progression [17]. miR-433 inhibits
breast cancer cell growth via the MAPK signaling pathway by targeting Rap1a[28].These studies
elucidated that miR-433 might perform an important role in many types of tumor and might be further
investigated as a potential therapeutic target for the treatment.

In the present work, our data showed that miR-433 was down-regulated in NPC tissues and cell lines
compared with normal controls. miR-433 overexpression suppressed NPC cell proliferation and migration
in vitro and reduced tumor growth in vivo. HIF-1α was predicted as a potential target of miR-433 using
bioinformatics analysis which was overexpressed in NPC. Western blot analysis and RT-qPCR results
revealed that miR-433 negatively regulated HIF-1α expression at protein levels in NPC cells under hypoxia
conditions. Subsequently, bioinformatics analysis indicated the direct binding site of miR-433 to HIF-1α
3'-UTR. Then, the luciferase reporter assays further con�rmed the direct function relation between miR-
433 and HIF-1α. Our experimental data further revealed that HIF-1α knockdown showed tumor-
suppressive roles similar to miR-433 overexpression in NPC.

Conclusions
In summary, our �ndings support that miR-433 can attenuate the expression of HIF-1α and regulate the
proliferation and migration of NPC. Our dates will help to further understand the function and mechanism
of miRNAs in NPC. miR-433 may be employed as therapeutic for NPC. Taken together, our data provide
new mechanistic insights into possible signaling pathways involved in maintaining proliferation and
migration of NPC cells.

Abbreviations
HIF-1α hypoxia-inducible factor-1α; EMT epithelial mesenchymal transition; HNSC : head and neck
squamous cell cancers.
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Figure 1

(a)Published data from The Cancer Genome Atlas (TCGA) library. (b) RT-qPCR examination of miR-433
levels in NPC tissues and normal tissues. (c) RT‐qPCR analysis was carried out to revealed the expression
of miR-433 in serum samples of NPC and normal donors. (d)The expression of miR-433 in NPC cell lines
and in human immortalized nasopharyngeal epithelial cell line was tested by RT‐qPCR. (e) Lentivirus
overexpressing miR-433 (de�ned as miR-433 mimic) or (f) lentivirus with short hairpin RNA targeting miR-
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433 (de�ned as miR-433-inhibitor) were transfected to CNE2 cells. A non-targeting sequence were used as
the negative control (NC). RT-qPCR analyzed the miR-433 expression levels. (g) Representative
microscopy image showing the cells were infected with lentivirus. All experiments were performed in
triplicate. *P < 0.05, ***P < 0.01.
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Figure 2

miR-433 suppressed NPC cell proliferation and induced cell cycle arrest

Cell proliferation ability was compared between miR‐433 mimic (a) and inhibitor (b) transfected CNE2
cells by the CCK‐8 assay. (c-d) Flow cytometry results showing the cell cycle distribution in miR-433
mimic and inhibitor treated CNE2 cells. (e-f) The colony formation ability of miR-433 overexpressing or
silencing CNE2 cells. (g)Western blotting measure the levels of activated NF-κB, activated NF-κB and β-
actin in CNE2 cells with up-regulated or down-regulated miR-433 expression. Three duplicates were
performed for each group, and three independent experiments were performed. *P < 0.05, **P < 0.01. All
data are represented as the means ± S.E.M 
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Figure 3

miR-433 Negatively Regulated CNE2 Migration in vitro and in vivo

(a) miR-433 mimic, inhibitor and the negative control were transfected to CNE2 cells. Transwell assays
were used to measure the metastasis ability of each group. (b) Migratory cells were quanti�ed. (c)
Western blot analysis was set up to detect the effects of miR-433 on epithelial-mesenchymal transition
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(EMT). (d) CNE2 cells were transfected with the miR-433 mimic, inhibitor or negative control. CNE2 cells
labeled Dil were injected into the perivitelline space of 48 hours post fertilization zebra�sh embryos. At
day 8 post injection, CNE2 cell masses were detected using �uorescence microscopy. (e) The numbers of
tumor foci were quanti�ed.Data represent at least three experiments performed in triplicate, * P < 0.05; **
P < 0.001. 

Figure 4
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HIF-1α was a Direct Target of miR-433

(a) Venn diagram displaying that HIF-1α as miR-433 computationally predicted arget HIF-1α by three
different prediction programs: TargetScan, miRDB, and DIANA. (b) The expression of HIF-1α in serum of
NPC patients and normal donors were measured by the standardcurve analysis. (c) Immunostaining
images of HIF-1α in NPC tissues and normal tissues samples. (d-e) Western blotting analysis the
expression of HIF-1α in NPC samples. (f) HIF-1α protein expression levels were examined in four NPC cell
lines under normoxic and hypoxic conditions. Western blot analysis of HIF-1α expression levels in the
poorly differentiated CNE2 cells under normal (normorxic), hypoxic conditions (hypoxia) for 0-48hours (g-
h) or after treatment with the hypoxia mimetic CoCl2 with different concentration(i-j). (k) The relative
protein expression of HIF-1α in hypoxic CNE2 cells treated with the miR-433 mimic or miR-NC was
measured by Western blot. (l) After miR-433 transfecting, CNE2 cells were incubated under hypoxia for 24
h. Immuno�uorescence staining analysis of the nuclear expression of HIF-1α (Red) in Cells. Blue is the
nuclear staining by Hoechst. (m) Potential interaction between the putative binding sites in the 3′‐UTR of
HIF-1α and miR433. (n) Luciferase reporter assay shows miR-433 signi�cantly suppressed the luciferase
activity of the wild-type HIF-1α 3’- UTR. Qualitative changes from three independent experiments are
shown as histograms. *P < 0.05, **P < 0.01 compared with cells transfected with negative control. All
data are represented as the means ± S.E.M 
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Figure 5

HIF-1α attenuates the inhibitory effect of miR-433

(a) Expression of HIF-1α in hypoxic CNE2 cells transfected with miR-433 inhibitor and HIF-1α knockdown
lentivirus (sh-HIF-1α). (b) CCK-8 analysis of CNE2-miR-433 mimic cells transfected with sh-HIF1α or sh-
NC. (c) Transwell assay analysis the migration ability of CNE2-miR-433 mimic cells treated with sh-HIF1α
or sh-NC. Three independent experiments were performed. All data are represented as the means ± S.E.M.
*P < 0.05, **P < 0.01, compared with the negative control group. 
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Figure 6

miR-433 suppresses xenograft tumor growth in vivo

(a) photographs and (b) growth curves of tumors derived from mice inoculated with miR-433 mimic, miR-
433 mimics NC, miR-433 inhibitor, miR-433-inhibitor NC treated CNE2 cells, control CNE2 cells were used
as control (n = 3 per group). Volume (mm3) = Length (mm) × Width2 (mm2) × 0.5 was used to calculated
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the tumor volume was calculated based on the following equation. (c) Tumor weight and (d) the �nal
volume of the xenografts derived from each mouse. (e) RT-qPCR analysis was used to measure miR-433
expression levels in xenografts of each groups. (f) Immunohistochemistry measuring Ki-67, HIF-1α,
Vimentin, E-cadherin and N-cadherin levels in tumors of each group. (g-i) RT-qPCR analyzed the mRNA
levels of E-cadherin, Vimentin, N-cadherin in xenografts derived from mice of each group. (j) EMT-related
markers determined by Western blot analysis. All data are presented as the means ± S.E.M Three
independent experiments were performed for each group. *P < 0.05, **P < 0.001


