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Abstract
Background: Many studies have shown that microRNAs play key functions in nasopharyngeal carcinoma
proliferation, invasion and metastasis. However, whether the dysregulated level of miRNAs contributes to
the metabolic shift in nasopharyngeal carcinoma is not completely understood.

Objectives: This study was conducted to explore the expression and function of miR-206 in
nasopharyngeal carcinoma.

Methods: miR-206 expression level was examined by real-time PCR. miR-206 inhibitor, mimics, and
scrambled control were transiently transfected into nasopharyngeal carcinoma cells and their effects on
colony formation, glucose uptake, and lactate secretion were observed in vitro. Moreover, the relationship
between the levels of miR-206 and HK2 was examined by luciferase reporter and assay western blot.

Results: In our study, we reported downregulation of miR-206 expression leads to metabolic change in
nasopharyngeal carcinoma cells. miR-206 controls this function by enhancing HK2 expression. The
enhancement of aerobic metabolism activity induced by miR-206 leads to the rapid proliferation of
nasopharyngeal carcinoma cells.

Conclusions: Our data demonstrated that miR-206 was involved in the regulation of Warburg effect in
nasopharyngeal carcinoma by suppressing HK2 expression.

Introduction
A major source of cellular energy and new cell mass is glucose [1]. Glucose uptake in cancer tissues is
obviously different from that in normal tissues. Normal tissues rely mainly on mitochondrial oxidative
phosphorylation to produce ATP for cellular events, which is a more e�cient energy produce event than
glycolysis. However, cancer tissues rely primarily on aerobic glycolysis, through a phenomenon known as
the “Warburg effect” [2]. Aerobic glycolysis confers cancer cells a selective advantage that results in their
rapid growth. Increasing scienti�c evidence that shift of metabolism in cancer tissues is a potential
therapeutic target [3].

MicroRNA (miRNAs) are a small group of endogenous non-coding RNAs, which are involved in regulating
gene expression level through a sequence-speci�c manner [4]. Mature microRNAs negatively control their
downstream target genes at post-transcriptional level by imperfect complementary binding to the 3´
untranslated region (UTR), leading to either translational repression or mRNA degradation [5]. MicroRNAs
are known to be key regulators of target gene expression in diverse biological events, such as cell growth,
apoptosis and metabolism.

MicroRNAs are known to be key regulators of cellular physiological processes, such as cell growth, cell
metabolism, apoptosis [6, 7]. A large number of miRNAs, when aberrantly expressed, play important roles
in cancer progression. Recently, many microRNAs have been reported as key regulators of aerobic



Page 3/13

metabolism. For example, miR-181a regulates a metabolic switch by regulating the PTEN/AKT pathway
in colon cancer cells [8], whereas miR-424 is involved in metabolic reprogramming by suppressing the
expression level of IDH3a in cancer-associated �broblasts [9]. microRNA-33a and microRNA-33b play key
functions in fatty acid catabolism and cholesterol homeostasis [10]. microRNA-495 regulates metabolic
change by targeting Glut1 in glioma cells [11]. Knocking down of microRNA-182 is reported to enhance
glucose consumption and glycolysis [12]. miR-206 is a class of “myomiRs” which is involved in heart
disease, skeletal muscle development, Alzheimer’s disease, and chronic obstructive pulmonary disease.
However, recently the role of miR-206 in tumorigenesis received scrutiny. Previous study showed that miR-
206 inhibited tumor cell growth, invasion and cell apoptosis. However, whether miR-206 is involved in
cancer cell metabolism remains unclear.

In our study, we demonstrated that miR-206 expression level was decreased in nasopharyngeal
carcinoma cells. The reduction of miR-206 promotes glycolysis as measured by enhancing in glucose
consumption rate and lactate secretion.

Materials And Methods
Cell culture, reagents and clinical samples

NP69, C666-1, HNE-1, CNE-1, and 293T cells were maintained in Dulbecco’s modi�ed Eagle medium with
10% fetal bovine serum (FBS, Invitrogen, California) and 100 units/ml penicillin/streptomycin. Primary
antibodies against actin and HK2 were purchased from Santa Cruz Biotechnology. A total of �ve
nasopharyngeal carcinoma and paired normal adjacent tissues at least 5 cm away from the tumor sites
were acquired from each patient by biopsy prior to any treatment. All human patient samples were
collected with informed consents from the patients, and the experiments were approved by the ethics
committee of Shanghai Jiaotong University.

Transfections

microRNA-206 inhibitor(5’-ccacaugcuucuuuauauuccaua-3’), microRNA-206 mimics(5’-
uggaauguaaggaaguguguaa-3’), and scrambled siRNAs(5’-ugggcguauagacguguuacac-3’) were ordered
from GenePharma (Shanghai, China). For the transient transfection, the cells were plated at 70%
con�uency and transfected with the indicated RNA molecules at a �nal concentration of 40 nM with the
PEI reagent.

Quantitative real-time PCR

Total RNA was extracted from cells with TRIzol reagent as described in the manufacturer’s instructions.
Reverse transcription of microRNA and mRNA was performed with the TaqMan qPCR miRNA assay kit.
RT-qPCR detection of miR-206 was done with SYBR Green qPCR Supermix. U6 was used as an internal
loading control.

Western blot analysis
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The Cells were lysed by RIPA buffer. Total protein (30 g) was resolved using 8% SDS-PAGE and then
transferred into nitrocellulose (NC) membrane. After blocking with 5% non-fat dried milk for 1 h, the NC
membrane was incubated with the primary antibody at 4ºC overnight. After rinsing three times for 10 min
each, the membrane was incubated with the secondary antibody for 1 h at room temperature. After
washing with TBST three times, the signals were detected with the enhanced chemiluminescence (ECL)
kit.

Dual-luciferase reporter assay

Dual-luciferase reporter assay was used to con�rm whether miR-206 downregulates Glut1 via binding to
the 3´ UTR region. HEK293T cells were seeded in a 48-well plate at 70-80% con�uency. After co-
transfection with either 20 nM of miR-206 mimics or scrambled controls and 40 ng of pGL-Glut1-3´UTR-
wt or pGL-Glut1-3´UTR-mut, cells were harvested to measure the luciferase activity with Dual Luciferase
Assay Kit (Promega, Madison, WI). Experiments of luciferase activity assay were performed
independently in triplicates.

Cell proliferation assay

Cells were plated at a density of 5000 cells/well in 96-well plates and transfected with the indicated RNA
molecules. After culturing in DMEM without serum for 6 h, the cells were allowed to recover in the culture
medium for 48 h. After incubation for 48 h, the absorbance at 450 nm was measured with the Cell
Counting kit-8 assay kit (CCK8) (DOJINDO. Tabaru, Japan). The cell survival rate was calculated using
the equation:

survival rate (%) = (Asample – Ablank)/(Acontrol – Ablank) x 100.

Measurement of glucose uptake and extracellular lactate secretion

The miR-206 inhibitor or mimics were transfected into nasopharyngeal carcinoma cells in serum-free
DMEM. After incubation for 48 h, the medium was collected. Lactate production was determined using
the lactate assay kit (Sigma-Aldrich). Glucose uptake rate was determined using a colorimetric assay kit
(Glucose Uptake Colorimetric Assay Kit, BioVision).

Statistical analysis

Statistical analyses were carried out with GraphPad Prism software. Data are presented as the mean ±
SD. Results were considered to be statistically signi�cant if p<0.05.

Results
miR-206 is downregulated in nasopharyngeal carcinoma
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To examine the expression level of miR-206 in nasopharyngeal carcinoma, we analyzed the expression
pro�le of microRNAs in nasopharyngeal carcinoma from the previously published dataset (Gene
expression omnibus accession GSE43039) and found that miR-206 was downregulated in
nasopharyngeal carcinoma (Fig 1. A, B). To analyze the microRNA expression levels in human
nasopharyngeal carcinoma, we performed qRT-PCR to measure the miR-206 level in �ve matched clinical
sample pairs. The data indicated that miR-206 expression was markedly reduced in human
nasopharyngeal carcinoma tissues compared to the adjacent normal tissues (Fig 1. C). In addition, we
examined the expression level of miR-206 in human nasopharyngeal carcinoma cell lines. As expected,
miR-206 expression level was signi�cantly reduced in nasopharyngeal carcinoma cell lines C666-1, HNE-
1, and CNE-1 compared with the normal osteoblastic cell line, NP69 (Fig 1. D).

miR-206 inhibits proliferation of nasopharyngeal carcinoma cells

To explore the biology of miR-206 in the nasopharyngeal carcinoma cells, C666-1 cells were transfected
with miR-206 inhibitor, miR-206 mimics, or scrambled siRNA at a �nal concentration of 40 nM. The qRT-
PCR assay showed that miR-206 expression was signi�cantly enhanced in the mimic-transfected cells
and decreased in the inhibitor-transfected cells (Fig 2. A). The CCK8 assay showed that the cell
proliferation rate was increased in miR-206 knockdown cells compared with the scrambled group (Fig 2.
B). As expected, overexpression of miR-206 reduced cell growth (Fig 2. B). In addition, the colony
formation assay suggested that loss-of-function of miR-206 increased colony formation in C666-1 cells.
In contrast, gain-of function of miR-206 reduced colony formation in C666-1 cells (Fig 2. C, D). To further
con�rm the cell proliferation data and to examine the role of miR-206 in the regulation the cell cycle, we
performed �ow cytometry after transfecting cells with miR-206 mimics. Overexpression of the miR-206
led to signi�cant reduction in the number of cells in S-phase (Fig 2. E). Taken together, these results
indicate that miR-206 functions as a tumor suppressor in C666-1 cells.

miR-206 induces a metabolic switch in C666-1 and HNE-1 cells

To explore the role of miR-206 in the metabolism of nasopharyngeal carcinoma cells, we tested the effect
of miR-206 on glucose uptake rate and lactate secretion. The data showed that ectopic expression of
miR-206 in C666-1 and HNE-1 cells transfected with miR-206 mimics reduced lactate secretion and
glucose uptake rate (Fig 3. A, B). In contrast, knockdown of miR-206 in C666-1 and HNE-1 cells with miR-
206 inhibitors increased the lactate secretion and glucose uptake rate (Fig 3. A, B). Glut1, PFKL, and
PKM2 are key glycolysis genes. Western blot analysis showed that knockdown of miR-206 increased the
expression of Glut1, PFKL, and PKM2 (Fig 3. C).. To further explore whether the metabolic switch induced
by miR-206 knockdown was required for the tumor cell growth, we treated miR-206-downregulated C666-1
cells with 2-deoxyglucose (2-DG), which inhibits glycolysis by blocking hexokinase activity. We used
CCK8 assay to examine the cell proliferation rates. The results showed that inhibition of glycolysis by 2-
DG was su�cient to reduce cell growth (Fig 3. D). In conclusion, these data showed that increased
glycolysis induced by miR-206 is required for the increased tumor cell growth.

miR-206 downregulates HK2 expression by binding its 3´UTR
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To further elucidate the molecular mechanism by which miR-206 increases glycolysis, we used miRanda
to predict the downstream target genes of miR-206 based on the 3´UTR. We found that the 3´UTR region
of Hexokinase 2 (HK2) was a predicted target of miR-206 (Fig 4. A). HK2 plays an essential role in cancer
growth, metastasis and survival. To validate the regulation of HK2 expression by miR-206, we performed
western blot and the results showed that overexpression of miR-206 results in downregulation of HK2
expression (Fig 4. B). Conversely, transfection with miR-206 inhibitors resulted in an elevation of
endogenous HK2 expression (Fig 4. C). Next, to examine whether miR-206 directly binds the 3´UTR region
of HK2, we carried out dual luciferase reporter assay. The data demonstrated that miR-206 suppressed
luciferase activity in the wild-type seed region group. However, the suppression of the luciferase activity
was rescued in the mutant group (Fig 4. D). In conclusion, the data indicated that miR-206 downregulates
HK2 expression through direct binding its 3´UTR.

Discussion
MicroRNAs have emerged as key regulators of different biological events, including cell proliferation,
invasion, differentiation, apoptosis and cell metabolism. Therefore, a potential therapeutic strategy would
be to target onco-miRNAs or restore the expression of tumor suppressor miRNAs. Recently, several
miRNAs, such as miR-let-7a, miR148b, miR-424, and miR-181a were identi�ed as regulators of glycolysis
[8, 9, 13, 14]. Previous reports showed that dysregulation of miR-206 was associated with different
cancers. For example, miR-206 expression is lower in hepatocellular carcinoma. miR-206 was shown to
suppress cell proliferation and promote apoptosis. Lower expression of miR-206 is associated with poor
clinical outcome in patients with malignant astrocytomas. Downregulation of miR-206 is a potent
prognostic marker for patients with gastric cancer. These results showed that miR-206 can inhibit cell
proliferation by targeting VEGFA [15], inhibit cell migration via targeting PFKFB3 [16], reverse cisplatin
resistance and EMT by targeting MET [17], and induce cancer cell cycle arrest at G1/G0 phase by
targeting FMN2 [18]. However, the expression pro�le of miR-206 and its biological role in nasopharyngeal
carcinoma remains unknown.

In this study, we reported that miR-206 expression was downregulated in nasopharyngeal carcinoma
compared to adjacent normal tissues. This is consistent with the �ndings of a previous report which
showed that miR-206 was downregulated in radioresistant nasopharyngeal carcinoma cells, and thus,
suppressed the IGF1 and PI3K/AKT pathways. Previous studies have showed that miR-206 acts as a
tumor suppressor to repress cell growth in clear-cell renal cell carcinoma, cervical cancer and
hepatocellular carcinoma [19–21]. Consistent with these �ndings, our CCK8 assay data indicated that
miR-206 decreased cell growth rate. The molecular mechanism underlying enhanced glycolysis in cancer
cells is complicated and not yet clearly understood. Bioinformatic analysis was performed to predict the
targets of miR-206. HK2 was selected as a potential downstream target of miR-206 with possible
involvement in the function of miR-206. HK2 is highly expressed in many cancers and is required for
tumor glycolysis and initiation. We reported that miR-206 plays a key role in glycolysis of nasopharyngeal
carcinoma by directly targeting HK2 expression. Gain of miR-206 function decreases lactate secretion
and glucose uptake rate, while loss of miR-206 function increases glucose uptake rate and lactate
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secretion. The inhibition of glycolysis can transform tumor cells into forms that are sensitive to
chemotherapy or immunotherapy. Thus, novel diagnostic methods and new drugs can be developed by
understanding the features of glycolysis. The enhanced glycolysis induced by downregulation of miR-206
can be targeted for treatment of nasopharyngeal carcinoma.

In conclusion, our data show that miR-206 was markedly downregulated in nasopharyngeal carcinoma,
thus leading to enhanced glycolysis in cancer cells. This altered glycolysis is required for rapid cancer cell
growth. These data identify miR-206 as a potential therapeutic target for treatment of nasopharyngeal
carcinoma.
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Figure 1

miR-206 is downregulated in nasopharyngeal carcinoma. (A) Heatmap showing the expression of
selected microRNAs in nasopharyngeal carcinoma compared with normal tissues. (B) The microRNA
expression assay reveals that miR-206 was signi�cantly downregulated in nasopharyngeal carcinoma
compared to normal tissue. (C) Real-time PCR analysis shows that miR-206 was signi�cantly
downregulated in nasopharyngeal carcinoma compared with normal tissues. (D) Real-time PCR analysis
shows that miR-206 expression was signi�cantly downregulated in nasopharyngeal carcinoma cell lines
compared to the normal cell line.
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Figure 2

miR-206 inhibits the proliferation of nasopharyngeal carcinoma cells. (A) Real-time PCR analysis
showing miR-206 levels in nasopharyngeal carcinoma cells transfected with the miR-206 mimics or the
miR-206 inhibitor. (B) The CCK8 assay results show that the growth rate of miR-206-overexpressing
nasopharyngeal carcinoma cells was reduced compared to control cells. Conversely, knockdown of miR-
206 in nasopharyngeal carcinoma cells enhanced cell growth. (C) and (D) The colony formation assay
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shows that knockdown of miR-206 enhanced colony formation in nasopharyngeal carcinoma cells, while
overexpression of miR-206 decreased colony formation in nasopharyngeal carcinoma cells. (E) Cells were
transfected with scramble or miR-206 mimics and cell cycle was analyzed by �ow cytometry.

Figure 3

miR-206 induces a metabolic shift in nasopharyngeal carcinoma cells. (A) Glucose uptake assay shows
that miR-206 decreased the rate of glucose uptake. (B) Lactate production assay shows that miR-206
blocked lactate secretion. (C) Western blot assay shows that knockdown of miR-206 increased the
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expression of Glut1, PKM2, and PFKL. (D) The CCK8 assay shows that inhibition of glycolysis with 2-DG
suppressed the enhanced proliferation induced by knockdown of miR-206.

Figure 4

miR-206 suppresses expression of HK2. (A) Sequences of miR-206 and the potential binding sites at the 3
´UTR of HK2. (B) Western blot assay shows that overexpression of miR-206 suppressed the expression of
HK2. (C) Western blot assay shows that knockdown of miR-206 increased the expression of HK2. (D)
Dual-luciferase assay shows that miR-206 suppressed the luciferase activity of HK2-3´UTR wild-type
group but not that of the HK2-3´UTR mutant group.


