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Abstract

Warburg effect describes the abnormal energy metabolism in cancer cells and pyruvate kinase type M2 is involved in the
regulation of this effect. In the current study, the role of pyruvate kinase type M2 in the initiation of Warburg effect in naso-
pharyngeal carcinoma cells was explored. The expression status of pyruvate kinase type M2 was detected in nasopharyngeal
carcinoma samples and analyzed by different clinicopathological characteristics. Then the level of pyruvate kinase type M2 was
suppressed in 2 nasopharyngeal carcinoma cell lines. The effects of pyruvate kinase type M2 inhibition on cell viability, apoptosis,
invasion, glucose uptake, ATP generation, and glycolysis metabolism were determined. The data showed that the high expression
of pyruvate kinase type M2 in nasopharyngeal carcinoma tissues was associated with the larger tumor size and advanced
metastasis in the patients. The inhibition of pyruvate kinase type M2 resulted in the repressed proliferation and invasion in
nasopharyngeal carcinoma cells, along with the increased apoptotic rate. The lack of pyruvate kinase type M2 function inhibited
glucose uptake, while increased ATP generation in nasopharyngeal carcinoma cells. Moreover, the production of glycolysis
metabolites, including pyruvic acid, lactate, citrate, and malate, was also suppressed by pyruvate kinase type M2 inhibition. At
molecular level, the expressions of glucose transporter and hexokinase 2 were downregulated by pyruvate kinase type M2
inhibition, confirming the changes in glucose metabolism. Collectively, the current study demonstrated that the function of
pyruvate kinase type M2 was important to maintain the proliferation and invasion of nasopharyngeal carcinoma cells, and the
inhibition of the factor would antagonize nasopharyngeal carcinoma by blocking Warburg effect.
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biopsies, minimally invasive surgery, and advanced che-
motherapeutic and immunotherapeutic methods.®> However, the
prognosis of patients with NPC is rendered less satisfactory for
those with locally advanced and metastatic tumors.* There-
fore, the identification of novel and sensitive biomarkers asso-
ciated with NPC progression is of critical importance. This will
also improve the development of handling methods based on
these biomarkers.

The majority of mammalian cells in adulthood are in the
quiescent phase. The cells utilize the available nutrients as an
energy source for the majority of their functions. However, this
biological process is disturbed in cancer cells, which utilize
nutrients for energy production and macromolecular biosynth-
esis. The latter is used to support the abnormal cell growth and
DNA replication of cancers.® During this process, higher
uptake of glucose and increased rates of glycolysis and produc-
tion of lactate are observed even under aerobic conditions. This
phenomenon is defined as the “Warburg effect” according to
the name of the scientist who discovered it.” Numerous cancer
types, including NPC,*? converge on this metabolic pathway to
meet their energetic demands during their progression.® There-
fore, in recent years, the suppression of the Warburg effect has
been proposed as a promising strategy to control cancers aris-
ing from different types of cells. For example, the inhibition of
long noncoding RNA LINCO00504 contributes to decreased
aerobic glycolysis and reduces the progression of ovarian can-
cer.'” The induction of miR-150-5p expression inhibits the
Warburg effect and consequently proliferation, migration, and
invasion of melanoma cells.!' With regard to NPC, knockdown
of STYK1 and JMJD2A contributes to the control of NPC via
the suppression of the Warburg effect.®’ Nevertheless,
although substantial efforts have been made to uncover the
pathways associated with the initiation of the Warburg effect,
the detailed mechanism underlying this biological process
remains unclear. It is of great interest to further explore the
factors associated with the development of the Warburg effect,
which will not only explain the oncogenesis of different cell
types but will also provide novel cancer therapeutic methods
for certain types of cancers including NPC.

In addition to the aforementioned mechanisms, the studies
by Christofk et al have demonstrated that the development of
the Warburg effect is regulated by the activity of the glycolytic
enzyme pyruvate kinase (PK). More specifically, it has been
reported that the enzyme pyruvate kinase M2 (PKM2) enables
cancer cells to utilize aerobic glycolysis instead of oxidative
phosphorylation.'*'? Pyruvate kinase M2 is a specific alterna-
tive splice isoform of PK that catalyzes the final step of gly-
colysis. It is well-characterized that the expression of PKM?2 is
advantageous over the other PK isoforms for cancer cell growth
since inhibition of PK allows the transformation of glycolytic
intermediates in the pentose phosphate pathway.'*'> For
instance, the switch of PK expression from PKM2 to the con-
stitutively active M1 isoform results in reduced cell prolifera-
tion and a decreased ability to form solid tumors.'*!®
Moreover, the inhibition of PKM2 suppresses tumor growth
and invasion in lung carcinoma and osteosarcoma.'”"'® Despite

the close interaction between PKM?2 and the Warburg effect
that has been verified in multiple cancer types, its function in
NPC has not been previously explored. Therefore, in the cur-
rent study, the expression levels of PKM2 in NPC specimens
were investigated. In addition, the association between PKM?2
expression and clinicopathological features of patients with
NPC was explored. The expression of PKM2 was also inhibited
in NPC cell lines; and the effects on cell proliferation, cell
mobility, and metabolic factor activity were assessed. The pres-
ent study provides valuable information for elucidating the
mechanism by which PKM2 influences the progression of NPC
and aims to facilitate the development of PKM2-targeted stra-
tegies for the treatment of this disease.

Materials and Methods

Patients and Tumor Specimen Collection

A total of 44 pairs of NPC and corresponding glioma tissues
were collected between 2015 and 2016 at The First People’s
Hospital of Wenling. All the patients were diagnosed with NPC
and their detailed clinicopathological characteristics were col-
lected. All patients provided a written informed consent form
for their participation in the study. The patients who had
received radiotherapy or chemotherapy were excluded from
the database.

Cell Culture and Detection of PKM2 Expression Status

The human nasopharyngeal epithelial cell line NP69 and the
NPC cell lines CNE2, CNE1, HNE1, 5-8F, and 6-10B were
purchased from Jennio-bio (Guangzhou, China). The NP69
cells were cultured in keratinocyte/serum-free medium (Invi-
trogen) at 37 °C in an atmosphere of 5% CO, and 95% air. All
the NPC cell lines were cultured in Roswell Park Memorial
Institute-1640 medium (Gibco) supplemented with 10% fetal
bovine serum (HyClone) at 37 °C in an atmosphere of 5% CO,
and 95% air. The expression levels of PKM2 in the cell lines
were detected using reverse transcription-quantitative PCR
(RT-qPCR) and Western blot assays. The activity of PKM2
was detected using ELISA Kit for PKM2 according to the
manufacturer instruction (IBL).

Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted using the RNA Purified Total RNA
Extraction Kit according to the manufacturer instructions (Bio-
Tekea). Subsequently, the RNA was incubated with Super
M-MLV reverse transcriptase (BioTeke) to form the comple-
mentary DNA (cDNA) template. The final quantitative real-
time polymerase chain reaction (RT-qPCR) reaction mixture
contained 10 pL. SYBR GREEN mastermix, 0.5 pL of each
primer (PKM2, forward: 5-CGCTGGATAACGCCTACAT-
3’, backward: 5'-CCATTTTCCACCTCCGTC-3’; GAPDH,
forward: 5'-ATGTTGCAACCGGGAAGGAA-3', backward:
5'-AGGAAAAGCATCACCCGGAG-3'), 1 pL cDNA tem-
plate, and 8 pL double-distilled water. The amplification
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procedure included a denaturation step at 94° C for 10 minutes,
followed by 40 cycles at 94 °C for 10 seconds, 60 °C for 20
seconds, and 72 °C for 30 seconds. The relative expression
levels of PKM2 were calculated with the Data Assist Software
version 3.0 (Applied Biosystems/Life Technologies). The
2722 method was used to estimate the expression levels of
the gene of interest and of the GAPDH gene, which was used as
the internal reference gene.

Immunohistochemical Detection

Immunohistochemical (IHC) detection was performed routi-
nely. The paraffin sections were dewaxed, hydrated, and fixed
prior to incubation with the primary antibody (Supplemental
Table S1) at 4 °C overnight. The following day, the secondary
antibody (Supplemental Table S1) was incubated with the sec-
tions at 37 °C for 30 minutes, which were further incubated
with horseradish peroxidase-labeled avidin at 37 °C for
30 minutes prior to addition of diaminobenzidine. The slides were
restained using hematoxylin and dehydrated. The determination
of the IHC score was performed with an AperioScanScope GL
system (Aperio Technologies) at x 100 magnification using
the AperiolmageScope software (Aperio Technologies). The
percentage of positively stained cells was estimated as fol-
lows: The score of 0 to 4 was defined as low PKM2 expres-
sion, whereas the score of 4 to 7 was defined as high PKM2
expression.

Western Blot Assay

Total protein was extracted using the Total Protein Extraction
Kit according to the manufacturer instructions (Wanleibio).
The concentration levels of the protein samples were deter-
mined using the bicinchoninic acid (BCA) method. A total of
40 ug protein was separated in a 10% sodium dodecyl sulfate
polyacrylamide gel and subsequently transferred onto a poly-
vinylidene difluoride membrane for incubation with skimmed
milk powder solution for 1 hour. The membrane was further
incubated with primary antibodies (Supplemental Table S1) at
4 °C overnight and with a secondary antibody (Supplemental
Table S1) at 37 °C for 45 minutes. The protein blots were
developed using Beyo ECL Plus reagent, and the images were
captured using the corresponding gel imaging system. The
relative expression levels of the proteins were calculated with
the Gel-Pro-Analyzer (Media Cybernetics). The reference con-
trol groups included GAPDH as the internal reference protein.

Knockdown of PKM2

Pyruvate kinase M2-specific short hairpin RNA (shRNA) (5'-
GTTCGGAGGTTTGATGAAATC-3') sequence and a
matched nontargeting control (NC) sequence were obtained
from Genechem Biotech (Shanghai). The shRNAs were
inserted into the pRNA-H1.1 plasmid to form pRNA-HI1.1-
PKM2 and pRNA-H1.1-NC plasmids, which were used for
knockdown of PKM2. The transfection of the shRNAs into the

CNE2 and HNEI1 cells was performed using Lipofectamine
2000. The transfection efficiency was determined following
24 hours, using RT-qPCR and Western blotting as described
above (Supplemental Figure S1).

Cell Counting Kit 8 assay

Cell Counting Kit 8 (CCK-8) assays were performed to deter-
mine cell viability under different treatment conditions. Expo-
nentially growing NPC cells were incubated in 96-well plates
(3 x 10°/well) for 72 hours (12 replicates for each group).
Every 24 hours, the CCK-8 solution (10 pL) was added into
3 randomly selected wells and incubated at 37 °C for another
1 hour. Cell viability was measured by the optical density (OD)
value at 450 nm using a microplate reader (ELX-800,
BIOTEK).

Hoechst Staining

The morphological changes of the cell nuclei were determined
using Hoechst staining. The NPC cells were cultured in 12-well
plates (5 x 10*well) for 24 hours at 37 °C and subsequently
incubated with 0.5 mL Hoechst for 5 minutes. The images were
captured using a fluorescence microscope (IX53, Olympus) at
%400 magnification.

Transwell Assay

Cell invasive ability was assessed using a Transwell system
covered with polycarbonate Transwell filters (Corning). The
procedure was as follows: A total of 2 x 10* cells were trans-
ferred into the upper chamber with 0.2 mL serum-free Dul-
becco modified Eagle medium (DMEM). The cells were
incubated at 37 °C for 24 hours, and the percentage of cells
penetrating across the membrane was estimated by Giemsa
staining (Sigma-Aldrich). The stained cells were imaged under
the microscope and their number was quantified.

Glucose Uptake Detection

Glucose uptake in NPC cells was determined using the
¥E_fluorodeoxyglucose (‘*F-FDG) uptake assay as follows:
The cells were cultured in 12-well plates (2 x 10°/well) with
500 uL of DMEM containing 4 uCi/mL '®F-FDG at 37 °C for
1 hour. Subsequently, the pellets were washed with ice-cold
phosphate buffered saline and lysed using 500 pL 0.1 M NaOH.
The radioactivity of the total cell lysates was assayed using a
PerkinElmer Automatic Wizard2 Gamma Counter.

Detection of ATP Production

The relative content of ATP in NPC cells was determined using
the ATP bioluminescent somatic cell assay kit (Sigma) accord-
ing to the manufacturer instructions. Briefly, the cells were
cultured in 24-well plates (2 x 10°/well) for 24 hours and
lysed. The lysates were collected and subjected to a lumines-
cence reader for the determination of the luminescence
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Figure 1. Expression and activity of PKM2 are abnormally high in NPC samples and NPC cell lines. The expression level of PKM2 was
determined in 44 pairs of NPC samples and corresponding paratumor samples with RT-qPCR (A). Then the results were further verified with
NPC cell lines in reference to human nasopharyngeal epithelial cell line NP69 with RT-qPCR (B), Western blotting assays (C), and ELISA kit
(D). “*” represents statistically significant difference from NPC, P <.05. “#” represents statistically significant difference from NP69 cell line,
P <.05. ELISA indicates enzyme-linked immunosorbent assay; NPC, nasopharyngeal carcinoma; PKM2, pyruvate kinase M2; RT-qPCR,

quantitative real-time polymerase chain reaction.

intensity. The results were represented as the relative intracel-
lular ATP level compared with that of the parental cells.

Glycolytic Pathway Activity Detection

The activity of the glycolytic pathway was determined by
quantifying the levels of the different products of glycolysis.
The production of pyruvic acid (cat. No. A081, Nanjing Jian-
cheng Bioengineering Institute, Nanjing, China) and lactate
(cat. No. A019-2, Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) was measured using corresponding kits
according to manufacturer instructions: Briefly, the total pro-
tein was extracted from the sample and the protein concentra-
tion was determined using BCA method. Afterward, the level
of product was measured by mixing solutions from kits with the
sample and calculated in reference to protein concentration.
The production of fructose-6-phosphate (cat. No. K689, BioVi-
sion) and malate (cat. No. K637, BioVision) was measured
using corresponding kits according to manufacturer

instructions: Briefly, cells (I x 10°/uL) were incubated with
solutions in the kits and the OD values at 450 nm were
detected. The levels of products were calculated using OD s
values in reference to a standard curve for product
concentration.

Statistical Analysis

Continuous data are expressed as mean + standard deviation
(n = 3), and categorical data are presented as the number of
frequency distribution. The association between PKM2 levels
and different clinicopathological indices was analyzed using
the Wilcoxon rank-sum test. The differences between groups
were analyzed using one-way analysis of variance followed by
multiple comparisons using the Tukey method. Statistical anal-
ysis and graph plotting were conducted using Graphpad Prism
version 6.0 (GraphPad Software, Inc). A 2-tailed P < .05 was

considered to indicate a statistically significant difference.
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Results

Levels of PKM2 Are Upregulated in NPC Clinical Samples
and NPC Cell Lines

The expression levels of PKM2 in NPC specimens were
detected with RT-qPCR assays and compared with those noted
in the paratumor tissues. The average relative expression status
was significantly higher in NPC tissues than that noted in the
corresponding paratumor tissues (Figure 1A, P < .05). The
abnormally high expression level of PKM2 in NPC was further
verified using NPC cell lines. The relative expression levels of
PKM2 were higher in the NPC cells compared with those noted
in the human nasopharyngeal epithelial cells (P < .05; Figure
1B and C). CNE2 and HNE] cells exhibited the highest expres-
sion levels of PKM?2. Corresponding to the changes in PKM2
messenger RNA and protein levels, the activity of PKM?2 in
CNEl1, CNE2, and HNE1 was higher than that in other cell
lines (Figure 1D).

Levels of PKM2 Are Associated With the Growth
and Metastatic Activity of NPC Cells

Expression levels of PKM2 were further detected in samples
derived from 44 individuals using IHC assays and scored
accordingly (Supplemental Figure S2). PKM2-positive cells
were characterized by the presence of yellowish-brown parti-
cles. Based on the scores, the association between PKM?2
expression status and clinicopathological characteristics of
patients with NPC was analyzed. The analysis indicated that
the parameters age and gender exhibited no influence on the
expression levels of PKM2, while increased expression levels
of PKM2 were associated with advanced tumor size, lymph
node metastasis, distant metastasis, and tumor—-node—metasta-
sis stage (P <.05; Table 1), indicating the potential of PKM?2 as
a NPC prognostic marker.

Knockdown of PKM2 Inhibits Cell Viability and Invasion
While Inducing Apoptosis in NPC Cells

To explore the role of PKM2 in NPC cell proliferation and
mobility, its expression was inhibited with shRNA in CNE2
and HNEI cells (relatively high PKM2 level). Based on the
results of the CCK-8 assay, the viability of NPC cells was
suppressed in the PKM2-knockdown groups compared with
that noted in the NC groups (Figure 2A and B). Significant
differences were detected following 48 hours of incubation of
the PKM2-knockdown cells (P < .05). The effects of PKM2
knockdown on the invasive activity of NPC cells were also
evaluated. The average number of the cells penetrating the
membrane (28.8 + 2.4 for CNE2 cells and 24.2 + 1.5 for
HNEL1 cells) was significantly lower than those (60.2 + 6.6
for CNE2 cells and 37.6 + 5.7 for HNEI1 cells) in the NC
groups (P < .05; Figure 2C and D). In contrast to these obser-
vations, induction of apoptosis was noted in NPC cells. The
number of bright blue cells (under apoptosis) was higher in

Table 1. Relation Between PKM2 Expression Status and Clinico-
pathological Characteristics.

PKM2 level

Parameter High (33) Low (11) P value
Gender

Male 16 4

Female 17 7 728
Age

<60 14 6

>60 19 5 .509
Histological type

DNKC 21 9

UDC 12 2 457
Tumor size

T1-T2 5 7

T3-T4 18 4 026"
Lymph node metastasis

MO 7 8

Ml 16 3 .030°
Clinical stage

I-1T 3 7

HI-1v 20 4 .005*

Abbreviations: DNKC, nonkeratinizing carcinoma; PKM2, pyruvate kinase
M2; UDC, undifferentiated carcinoma.
2P < 0.05 vs. High.

PKM2-knockdown cells compared with that noted in parental
NPC cells (Figure 2E and F). Taken together, the results sug-
gested the key function of PKM2 in maintaining the growth and
metastasis of NPC cells.

Knockdown of PKM2 Inhibits the Warburg Effect
in NPC Cells

Following knockdown of PKM?2, the uptake of glucose was
decreased by 27% and 25% in CNE2 and HNEI, respectively
(P < .05; Figure 3A and B). Moreover, the production of ATP
was also dramatically induced corresponding to the decreased
glucose uptake in NPC cells (Figure 3C and D), implying the
transition of glucose metabolism from glycolysis to mitochon-
drial respiration. In addition, the inhibition of PKM2 sup-
pressed the production of pyruvic acid, lactate, citrate, and
malate in NPC cells, confirming the inhibition of glycolysis
(P < .05; Figure 4A and D). However, the production of
fructose-6-phosphate was not significantly influenced by the
inhibition of PKM2 (Figure 4E). These observations confirmed
the inhibitory effect of PKM2 knockdown on the Warburg
effect in NPC cells.

Knockdown of PKM2 Inhibits the Expression Levels
of the Glucose Uptake- and Glycolysis-Associated
Kinase in NPC Cells

Further analysis of the changes in the expression levels of the
kinase enzyme associated with glucose uptake or glycolysis
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Figure 2. PKM2 inhibition reduces viability and invasion, while induces apoptosis in NPC cell lines. The viability (A and B), invasion (C and
D), and morphological changes in nuclei (E and F) in NPC cells transfected with PKM2 shRNA were determined using CCK-8, transwell assay,
and Hoechst staining respectively. “*” represents statistically significant difference from NC group, P < 0.05.

metabolism was performed by Western blot assays. Knock-
down of PKM2 led to the downregulation of glucose transpor-
ter 1 (GLUT1) which was the major glucose transporter
identified in the cell model used compared with the NC groups
(P < .05). Moreover, the expression levels of hexokinase 2
(HK2), which is the key enzyme of glycolysis, were also sup-
pressed by PKM2 inhibition (Figure 5A and B). However, the
expression levels of 6-phosphofructokinase 1 were not influ-
enced by PKM2 knockdown, partially explaining the

production pattern of fructose-6-phosphate in PKM2-
knockdown NPC cells (Figure 5SA and B). The results further
confirmed the impaired glucose uptake and glycolysis in NPC
cells with dysfunctional PKM2.

Discussion

Glycolysis under aerobic conditions has been recognized as an
essential component contributing to the progression of
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HKZ2, and PFK1 were detected with Western blotting assays (A and B). “*” represents statistically significant difference from NC group, P <.05.

malignancies, which is defined as the “Warburg effect.”'” In
the majority of cancer types, overexpression of glycolytic
genes plays a central role in the establishment of the Warburg
effect.?’ Therefore, appropriate inhibition of glycolytic genes
has been proposed as a promising strategy to suppress the
Warburg effect and control cancer development. Pyruvate
kinase M2 is closely associated with glucose metabolism and
is highly expressed in different cancer types.?! The inhibition
of PKM2 has been shown to inhibit progression of different
cancer types through multiple mechanisms of action. For
example, inhibition of PKM2 suppresses aerobic glycolysis,
decreases lactate production, and reduces cell proliferation and
migration in colorectal cancer cells.”’ Moreover, knockdown
of PKM2 inhibits tumor survival and invasion in osteosar-
coma.'® Previous studies have provided ample evidence
regarding the use of PKM2 inhibition as an alternative strategy
for controlling cancer development. Therefore, the current
study performed a series of assays and analyses to demonstrate
the role of PKM2 in the progression of NPC. Although several
studies have been previously reported with regard to the func-
tion of PKM2 in oncogenesis, its role in NPC has not been
previously explored.

The expression status of PKM2 was initially assessed in
NPC specimens, and its association with the patient clinico-
pathological characteristics was analyzed. The RT-qPCR anal-
ysis revealed that PKM2 levels were significantly upregulated
in NPC tissues compared with the corresponding levels noted

in adjacent normal tissues. This finding was verified in NPC
cell lines. It was found that the relative expression levels of
PKM?2 in NPC cell lines was considerably higher than that
noted in nasopharyngeal epithelial cells, confirming the ele-
vated levels of PKM2 with the onset of NPC. The expression
levels of PKM2 in NPC samples were also assessed using IHC,
and the results were compared with the patient clinicopatholo-
gical characteristics. The analysis indicated that PKM2 levels
were positively associated with tumor growth and metastasis.
Expression of PKM2 was closely associated with the develop-
ment of NPC, notably with regard to the growth and metastatic
activity of the cancer cells. To support these findings, the
results derived from the clinical samples were further validated
in cell line models.

The expression of PKM2 was inhibited with shRNA in 2
NPC cell lines. The results indicated that the expression of
PKM2 was important for the proliferation and invasion of NPC
cells. Knockdown of PKM2 decreased the ODysq value,
induced apoptosis, and reduced the membrane-penetrating cell
number. It is widely accepted that tumor cells require high
levels of ATP that are provided by extensive glucose metabo-
lism.'>*2-2* Pyruvate kinase catalyzes the last step in the gly-
colytic cascade and consequently the activity of PKM2 controls
the rate of glycolysis.>> Therefore, the effect of PKM2 knock-
down on glucose metabolism in NPC cells was investigated.
The results indicated that inhibition of PKM2 led to repressed
glucose uptake and ATP production. Inhibition of PKM2
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contributed to decreased production of pyruvic acid, lactate,
citrate, and malate in NPC cells, indicating impaired glycolytic
process. The expression levels of the kinase enzymes involved
in glucose uptake and glycolysis were also downregulated by
PKM2 inhibition: the inhibited activity of PKM2 reduced the
production of pyruvic acid, which in return led to the accumu-
lation of intermediate products of glycolysis and inhibited the
activity of other enzymes, such as HK2 and GLUTI1. These
results demonstrated that in PKM2-suppressed NPC cells glu-
cose metabolism was mediated by mitochondrial respiration
and not by aerobic glycolysis, which substantially increased
the production of ATP with similar energy sources, that is,
glucose, even with the reduced production of pyruvate, citric
acid, and malate. The activity of PKM?2 is adjusted based on
specific cell requirements for proliferation, growth, and sur-
vival. This is achieved by transitioning between catabolic and
anabolic pathways based on cell needs.?® This characteristic
benefits tumor cell survival since high levels of PKM2 produce
sufficient ATP and carbon unit production that can maintain
the malignant phenotypes of tumor cells. Sun et al/ further
demonstrated that the synthesis of lipids in lung carcinoma was
inhibited following inhibition of PKM2, which further sup-
ported this theory.”” However, the downstream effectors of
PKM2 are multiple and other carcinogenesis-related factors,
such as matrix metalloproteinases and vascular endothelial
growth factor, can also respond to the activity changes of
PKM2.%83! Therefore, future comprehensive exploration with
the aid of omic technology is required for understanding the
detailed function of PKM2 in the progression of NPC and of
other cancer types.

In conclusion, the current study described the key role of
PKM2 in the abnormal metabolism of glucose in NPC. The
expression of this enzyme was upregulated in NPC tissues and
inhibition of PKM suppressed the Warburg effect by decreas-
ing glucose uptake and aerobic glycolysis in NPC cells. The
changes noted in glucose metabolism led to the suppressed
proliferation and metastatic activity of NPC cells. Neverthe-
less, the current study failed to provide sufficient information
regarding the downstream effectors of PKM2 in promoting
NPC. Therefore, additional work should be performed in future
studies to facilitate the application of PKM2-based strategies in
inhibiting NPC progression.
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