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Abstract: Patients suffered from head and neck squamous cell carcinoma (HNSCC) have an overall poor prognosis 
owing to proliferation and resistance to treatment. Hence, mining the underlying mechanism of malignancies above 
and translating the bench outcomes to clinical practice are in urgent need. Previous studies found that the epider-
mal growth factor receptor (EGFR) increases and co-expresses with EGFRvIII in HNSCC tissues, which indicates poor 
prognosis of HNSCC patients. Here, we clarify that compared with EGFRwt, EGFRwt/vIII enhances the capability of 
proliferation and colony formation in HNSCC cells in vitro, and reduces the sensitivity to cisplatin. Furthermore, EG-
FRwt/vIII induces nuclear translocation of the M2 isoform of pyruvate kinase (PKM2) in a time-dependent manner. 
The aberrant expression of PKM2 in HNSCC suggests unfavorable outcome. Especially, nuclear PKM2 determines 
the activation of β-catenin signaling and regulates the proliferation and chemo-sensitivity of HNSCC cells. Together, 
our findings demonstrate that EGFRwt/vIII-PKM2-β-catenin cascade controls the proliferation and chemo-sensitivity 
of HNSCC, thereby providing a promising strategy for diagnosis and therapy of HNSCC.
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Introduction

As one of human malignancies, head and neck 
cancer ranks the 6th common cancer around 
the world [1]. Furthermore, head and neck 
squamous cell carcinoma (HNSCC) accounts 
for most of head and neck cancer diagnosed 
worldwide, whose overall 5-year survival rate  
is about 53% [2]. Malignant proliferation and 
chemo-resistance are the main clinical symp-
toms in patients suffered from HNSCC, which 
leads to relapse and poor outcomes [3]. 
Cisplatin (CDDP) still acts as a core drug for 
patients with advanced and metastatic HNSCC, 
thus improving the sensitivity to CDDP is greatly 
critical. Although previous studies have shed a 
light on initiation and progression of HNSCC [4, 
5], our understanding of proliferation and che-
mo-sensitivity of HNSCC still remains far from 

thorough because these are complicated pro-
cesses, in which multiple molecules are 
involved. 

As one of crucial genes, the epidermal growth 
factor receptor (EGFR), a member of ErbB fami-
ly, is amplified in many tumors including HNSCC 
[6], and its overexpression correlates with poor 
prognosis [7, 8]. A recent work accomplished by 
The Cancer Genome Atlas (TCGA) has identified 
that EGFR is aberrant activated in either human 
papillomavirus-positive or -negative HNSCC pa- 
tients [9]. EGFR plays a critical role in multiple 
aspect of tumor biology including cell prolifera-
tion, motility and invasiveness, angiogenesis 
and resistance to treatment [10], activated by 
various ligands such as EGF [11]. As one of 
most common EGFR mutant, EGFR variant III 
(EGFRvIII) lacks components of the ligand-bind-
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ing domain in the extracellular portion, incapa-
ble of binding EGF as well as other ligands  
[12]. However, EGFRvIII is a constitutively active 
form, although at a low level of tyrosine ph- 
osphorylation [13]. Co-expression of EGFRwt 
(wild-type) and EGFRvIII has been uncovered in 
HNSCC, implicated in cell proliferation and CD- 
DP sensitivity [14], but the underlying molecu-
lar mechanism is still unclear. In this study, we 
aimed to clarify specific signaling mediated by 
EGFRwt/vIII in the proliferation and chemo-
sensitivity of HNSCC. 

Reprogrammed metabolism is a key character-
istic of many cancers in order to support rapid 
growth [15]. Aerobic glycolysis, also known as 
the Warburg effect, is the best-characterized 
metabolic phenotype observed in tumor cells 
[16]. As a rate-limiting enzyme of aerobic gly-
colysis, the M2 splice isoform of pyruvate 
kinase (PKM2) catalyzes the final step of gly-
colysis in cancer cells [17]. Besides, PKM2 has 
recently been recognized to translocate into 
the nucleus to function as a transcriptional co-
activator and a protein kinase to regulate gene 
transcription and cell cycle progression [18, 
19]. In human glioblastoma (GBM), PKM2 locat-
ed into nucleus regulates β-catenin transacti-
vation upon the activation of EGFR [20], and 
enhances c-Myc expression, which subsequ- 
ently increases the expression of glycolytic 
enzymes, thereby promoting aerobic glycolysis 
in a positive feedback loop [21]. In the nucleus, 
PKM2 phosphorylates histones to function in 
the epigenetic regulation and promote gene 
transcription and tumorigenesis [18]. However, 
its non-catalytic functions remain elusive in 
HNSCC.

Here, we demonstrated that EGFRwt/vIII dra-
matically affected proliferation and chemo-sen-
sitivity of HNSCC cells in vitro, partially mediat-
ed by β-catenin signal. PKM2 was highly ex- 
pressed in HNSCC specimens and correlated 
with poor prognosis. In comparison to wild-type 
EGFR, EGFRwt/vIII induced elevated accumula-
tion of nuclear PKM2 upon the treatment of 
EGF. Moreover, R399/400 was two predomi-
nant amino acid residues in nuclear localiza-
tion signal (NLS) of PKM2, while the mutation  
of them would impede nuclear translocation. 
Nuclear PKM2 mediated the activation of β- 
catenin to heighten proliferation and weaken 
chemo-sensitivity of HNSCC cells in vitro. To- 
gether, these data confirm that EGFRwt/vIII-

PKM2-β-catenin cascade serves as a key regu-
lator of HNSCC proliferation and chemo-sen- 
sitivity.

Materials and methods

Cell culture and reagents

Human HNSCC cell lines CAL27, SCC25 and 
UM1 were purchased from ATCC (Manassas, 
VA, USA), while TB3.1 and TSCCA were obtained 
from the Institute of Basic Medical Sciences, 
Chinese Academy of Medical Sciences. The cell 
lines were maintained in DMEM, DMEM/Ham’s 
F12, RPMI1640 or MEM (all from Invitrogen, 
Camarillo, CA, USA) supplemented with 10% 
FBS, penicillin (100 U/ml) and streptomycin 
(100 mg/ml), under a humidified atmosphere 
(37°C, 5% CO2). All HNSCC cells were autho-
rized by STR analysis.

Lentivirus were purchased from Genechem 
(Shanghai, China) to establish stable SCC25 or 
UM1 clones expressing EGFRvIII. EGF was pur-
chased from R&D Systems (Minnesota, USA) 
and dissolved in sterile PBS for storage and 
use. A Wnt/β-catenin pathway inhibitor, FH535 
(Selleck, Shanghai, China) was added into cells 
at a final concentration of 10 µM for MTT assay. 

Database analysis

The online software cBioPortal (www.cbiopor-
tal.org) [22, 23] and GEPIA (gepia.cancer-pku.
cn) were provided to analyze TCGA (The Cancer 
Genome Atlas) database. HNSCC GEO dataset 
GSE37991 was used to compare the expres-
sion of EGFR, β-catenin and PKM2 between 
cancerous tissues and the adjacent normal 
counterparts as well as figure out the correla-
tion among three of them.

Plasmid construction

The cDNA for wild-type PKM2 was amplified by 
PCR and cloned into pLVX-IRES-puro, while the 
PKM2 R399/400A mutant was generated by 
site-directed mutagenesis. The primers are 
provided in Supplementary Table 1. All con-
structions were verified by sequencing in AuGCT 
(Beijing, China).

Lentivirus packaging and transduction

Lentivirus was prepared in HEK293T cells using 
Lipofectamine 2000 (Invitrogen) according to 
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the manufacturer’s instructions. In brief, the 
transfection was performed until the cultured 
cells reach to 60-70% confluence in a 10 cm-
plate. 7.5 μg of expression plasmid with 12.5 
μg of package plasmids were mixed in 1.5 ml of 
Opti-MEM, while 60 μl of Lipofectamine 2000 
was mixed in another 1.5 ml of Opti-MEM for 5 
min. The plasmids and Lipofectamine 2000 
mixture was combined at room temperature for 
20 min and then dropped randomly into cul-
tured HEK293T cells. The transfection was 
incubated overnight before the medium was 
replaced with fresh DMEM with 10% FBS. 
Around 24 hours, the viral supernatant was 
harvested and filtered (0.45 μm filter) for use.

SCC25 or UM1 cells were seeded into a 6-well 
plate and infected by lentivirus with polybrene, 
further screened in complete medium contain-
ing 1 μg/ml of puromycin. Stable SCC25 or 
UM1 clones expressing EGFRvIII were labeled 
as SCC25vIII or UM1vIII, respectively. Moreover, 
cells with stably overexpression of PKM2 or 
PKM2 mutant were labeled as PKM2 wt or 
PKM2 R399/400A respectively, and EV (Empty 
Vector) was used as negative control.

Immunoblotting assay

Cells were lysed in RIPA buffer and performed 
for immunoblotting assay according to stan-
dard procedure. The PVDF membranes were 
incubated with specific primary antibodies at 
4°C overnight: EGFR (1:1000), p-EGFR (Y1068, 
1:1000), β-catenin (1:1000), p-β-catenin (S675, 
1:1000), Cyclin D1 (1:1000, all purchased from 
Cell Signaling Technology, Danvers, MA, USA), 
PKM2 (1:1000), H3 (1:1000, Proteintech, Rose- 
mont, USA) and GAPDH (1:5000, Sigma-Aldrich, 
Missouri, USA). Antibodies used in immunoblot-
ting assay are listed in Supplementary Table 2. 
All images were acquired by ImageQuant LAS-
4000 System (GE, Fairfield, Connecticut, USA). 

Flow cytometry

Apoptosis assay was carried out according to 
the manufacturer instruction of Annexin V/PI 
Apoptosis Detection kit (BD, Franklin Lakes, NJ, 
USA). All experiments were manipulated on the 
same FACS Canto II (BD).

Clonogenic assay

HNSCC cells were counted and seeded into a 
6-well plate (1000 cells/well). Cells were cul-

tured for 10 days, then washed twice with PBS 
and stained with a dilute crystal violet (0.1%, 
w/v) solution. 

Immunofluorescence staining

HNSCC cells were plated on 18 mm glass plate 
and then treated with EGF (100 ng/ml) for 12 
hours. Then, cells were stained as previously 
described [24]. All images were acquired by 
Iamger.Z2 (Zeiss, Oberkochen, Germany). 

Statistical analysis

All experiments other were repeated at least 
three times. All data were presented as mean ± 
SD and analyzed by using two-tailed or paired 
Student’s t-test. Graphs were illustrated by 
GraphPad Prism 6 (La Jolla, USA), in which *, 
**, *** and **** indicated P<0.05, P<0.01, 
P<0.001, P<0.0001, respectively. 

Results

EGFRwt/vIII affects proliferation and chemo-
sensitivity of HNSCC cells in vitro

EGFR plays a prominent role in many tumors, 
whose increased activation and overexpres-
sion is strongly related with tumorigenesis and 
cancer progression [25]. Therefore, we first 
explored the frequency of EGFR gene alteration 
across multiple cancers using the online soft-
ware cBioPortal. The results showed that there 
is significant copy number amplification of 
EGFR gene based on published data of TCGA in 
a variety of cancers including HNSCC, as well 
as gene mutation (Figure 1A). Meanwhile, im- 
munoblotting assay indicated that EGFR was 
overexpressed in a panel of HNSCC cell lines 
(Figure 1B). As a most common mutant of 
EGFR, EGFRvIII is also detected to be expressed 
in HNSCC tissues [26], so we established sta-
ble SCC25 or UM1 clones expressing EGFR- 
vIII (SCC25vIII or UM1vIII) by transduction to 
verify its function in HNSCC cells (Figure 1C).  
In comparison to parental cells (SCC25/UM1), 
SCC25vIII and UM1vIII cells both possessed 
stronger capacity of proliferation with or with-
out EGF stimulation (Figure 1D). Both the size 
and number of colonies were improved in 
SCC25vIII and UM1vIII cells (Figure 1E). More- 
over, with the treatment of CDDP, the apoptosis 
rate of SCC25vIII and UM1vIII cells was obvi-
ously decreased and the number of survival 
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Figure 1. EGFRwt/vIII affects the proliferation and chemo-sensitivity of HNSCC cells. (A) The frequency of EGFR somatic alteration across multiple cancers including 
HNSCC. (B) The protein level of EGFR was measured in a panel of HNSCC cells by immunoblots. (C) The expression of EGFR and EGFRvIII in SCC25vIII and UM1vIII 
cells infected by lentivirus. (D) Growth curve showed that SCC25vIII and UM1vIII grew faster with or without EGF treatment. Data, mean ± SD, *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001. (E) Colony formation assay indicated that the colony formation abilities of SCC25vIII and UM1vIII cells were significantly improved 
compared with parental cells. (F and G) SCC25vIII/UM1vIII exhibited de-sensitization to cisplatin treatment and decreased apoptosis using flow cytometry (F) and 
colony formation assay (G). CDDP, cisplatin.
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increased significantly (Figure 1F, 1G), which 
showed that EGFRwt/vIII weakened CDDP-
mediated apoptosis.

β-catenin is implicated in aggressiveness me-
diated by EGFRwt/vIII in HNSCC cells

Previous studies have uncovered the cross-talk 
between Wnt/β-catenin and EGFR signaling 
[27]. β-catenin pathway is also reported to be 
associated with proliferation and CDDP sensi-
tivity in HNSCC [28, 29]. Mining one available 
expression datasets (GSE37991) in Gene 
Expression Omnibus (GEO) validated that the 
expression of EGFR and β-catenin were both 
elevated in malignant head and neck speci-
mens (Figure 2A), and revealed the positive 
correlation between them (Figure 2B). The acti-
vation of EGFR by EGF led to the phosphoryla-
tion of β-catenin in SCC25 and UM1 cells 
(Figure 2C). As a specific β-catenin inhibitor, 
FH535 represses recruitment of β-catenin and 
then antagonizes the transcription mediated by 
β-catenin/Tcf [30]. The treatment of FH535 
hampered the cell growth induced by EGFR in 
HNSCC cells (Figure 2D). It’s worth noting that 
the efficacy of pharmaceutical inhibition see- 
med to be declined in SCC25vIII/UM1vIII cells 
compared to SCC25/UM1 cells (Figure 2E), 
indicating that the β-catenin signaling of EG- 
FRwt/vIII cells was more active than that of 
EGFRwt cells. Collectively, these data indicated 
that β-catenin pathway was essential for the 
malignance of HNSCC cells mediated by EG- 
FRwt/vIII. 

PKM2 positively correlates with the expression 
of β-catenin and indicates poor prognosis of 
HNSCC patients

In view of the importance of EGFRwt/vIII-β-
catenin pathway in HNSCC cells, it is necess- 
ary to make clear the underlying mechanism 
between them. A key glycolysis enzyme, PKM2 
is proved to be a bridge between EGFR and 
β-catenin in glioblastoma [20]. We assessed 
clinical properties of PKM2 expression in hu- 

man HNSCC tissues firstly. Here, analysis of 
GEO data (GSE37991) demonstrated that PK- 
M2 increased in HNSCC relative to adjacent 
normal tissues (Figure 3A), and the expression 
of PKM2 was positively correlated with that of 
β-catenin in both specimens and HNSCC cell 
lines (Figure 3A, 3B), which was in line with the 
outcome of HNSCC dataset in TCGA analyzed 
by GEPIA (Figure 3C). In addition, higher expres-
sion of PKM2 indicated unfavorable prognosis 
of HNSCC patients based on the TCGA data-
base (Figure 3D).

EGFRwt/vIII promotes the nuclear transloca-
tion of PKM2 in HNSCC cells

In addition to its glycolytic function in cyto-
plasm, PKM2 is induced translocation into the 
nucleus to mediate non-metabolic function 
[31]. Immunoblotting analysis showed that EGF 
treatment resulted in the nuclear accumulation 
of PKM2 in SCC25 and UM1 cells in a time-
dependent manner (Figure 4A), which was re- 
confirmed by Immunofluorescence assay (Fig- 
ure 4B). Besides, expression of EGFRvIII in 
SCC25 and UM1 cells resulted in a higher 
amount of nuclear PKM2 than was observed in 
parental cells, as well as an increased level of 
phosphorylated β-catenin (S675) (Figure 4C). 
Collectively, these results suggested that EG- 
FRwt/vIII enhanced PKM2 nuclear transloca-
tion in HNSCC cells.

PKM2 R399/400 is crucial for its nuclear 
translocation and the activation of β-catenin in 
HNSCC cells

Yang W et al. demonstrated that NLS contain-
ing R399/400 in PKM2 is responsible for its 
nuclear translocation [21]. We established sta-
ble SCC25 and UM1 clones expressing wild-
type PKM2 or R399/400A mutant, then verified 
the influence of these two amino acids towards 
subcellular location of PKM2. The results sh- 
owed that PKM2 could accelerated phosphory-
lation of β-catenin at S675 in the nucleus than 
EV (Empty Vector) negative control in SCC25 

Figure 2. β-catenin pathway is involved in EGFRwt/vIII mediated aggressiveness in HNSCC cells. A. The analysis of 
GEO database (GSE37991) indicated that the expression of EGFR and β-catenin were both increased in HNSCC tis-
sues. N, adjacent normal tissues, C, HNSCC tissues. B. GEO database revealed that EGFR correlated positively with 
β-catenin. C. EGF induced the activation of EGFR and the phosphorylation of β-catenin at S675 in HNSCC cells. D. 
MTT assay showed that the inhibition of β-catenin pathway by using FH535 attenuated cell proliferation induced by 
EGFR in HNSCC cells. E. MTS assay to detect the inhibition efficacy of FH535 in SCC25/UM1 or SCC25vIII/UM1vIII 
cells. Data in this figure, mean ± SD, **P<0.01, ***P<0.001, ****P<0.0001.



A cascade affects proliferation and chemo-sensitivity in HNSCC

2497	 Am J Cancer Res 2017;7(12):2491-2502

Figure 3. PKM2 correlates positively with β-catenin and indicates poor prognosis of HNSCC. A. The analysis of GEO database (GSE37991) indicated that PKM2 
elevated in HNSCC tissues and correlated with β-catenin positively. N, adjacent normal tissues, C, HNSCC tissues. B. The protein levels of β-catenin and PKM2 were 
measured in a panel of HNSCC cells by immunoblots. C. TCGA data reconfirmed that PKM2 increased in HNSCC tissues and correlated with EGFR and β-catenin 
positively, which was analyzed by GEPIA. T, tumor samples, N, paired normal tissues, TPM, transcripts per million. D. Kaplan-Meier survival curve showed that higher 
PKM2 expression indicated worse prognosis.
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cells (Figure 5A). The replace-
ment of arginine with alanine 
at amino acids 399 and 400 
affected little on the expres-
sion of PKM2, however cell 
fractionation illuminated that 
PKM2 R399/400A was failed 
to translocate into the nucle-
us upon EGF treatment (Fig- 
ure 5A). In the meanwhile, 
R399/400A mutant reduced 
β-catenin phosphorylation at 
S675 in the nucleus com-
pared with wild-type positive 
control, as well as the expres-
sion of Cyclin D1, which is one 
of downstream targets of β- 
catenin (Figure 5A). The resu- 

Figure 4. EGFRwt/vIII promotes the nuclear translocation of PKM2 in HNSCC cells. A. The analysis of cell fraction-
ation indicated that EGF induced PKM2 nuclear translocation in a time-dependent manner. B. Immunofluorescence 
staining suggested that EGF treatment led to the accumulation of nuclear PKM2. Scale bars, 20 μm. C. The results 
of immunoblots showed that the nuclear translocation of PKM2 was more efficient in SCC25vIII/UM1vIII cells com-
pared to SCC25/UM1 cells with EGF, as well as the activation of β-catenin. 

Figure 5. PKM2 R399/400 is essential for its nuclear translocation and the 
activation of β-catenin in HNSCC cells. (A and B) Immunoblots results of en-
forced expression of PKM2 and PKM2 R399/400A and the change of Cyclin 
D1 in stable SCC25 (A) and UM1 (B) cells (Left). Cell fractionation verified that 
nuclear PKM2 promoted the phosphorylation of β-catenin at S675, while the 

level of activated β-catenin was 
restrained in PKM2 R399/400A 
cells (Right). EV, empty vector.
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Figure 6. Nuclear PKM2 regulates the capacity of proliferation and chemo-sensitivity of HNSCC cells. (A) The growth curves of PKM2, PKM2 R399/400A stable 
clones and negative control with or without the treatment of EGF. Data, mean ± SD, ****P<0.0001. (B) Colony formation assay indicated that PKM2 facilitated 
colony formation ability of SCC25 and UM1 cells compared with EV and PKM2 R399/400A. (C and D) PKM2 de-sensitized HNSCC cells to cisplatin treatment and 
decreased apoptosis using flow cytometry (C) and colony formation assay (D) in relation to EV and PKM2 R399/400A. CDDP, cisplatin.
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lts above were reconfirmed in UM1 cells by 
immunoblotting (Figure 5B). Taken together, 
these data revealed that R399/400 located in 
NLS of PKM2, was essential for EGF-induced 
nuclear translocation of PKM2 and activation 
of β-catenin in HNSCC cells.

Nuclear PKM2 regulates the capacity of prolif-
eration and chemo-sensitivity of HNSCC cells

Next, we further explored whether PKM2 trans-
located into the nucleus held important impli-
cations for proliferation and chemo-sensitivity 
of HNSCC cells. When wild-type PKM2 expre- 
ssed highly, the capacity of proliferation in 
SCC25 and UM1 cells was elevated notably 
with or without EGF treatment (Figure 6A). 
Furthermore, the cells above possessed stron-
ger abilities of colony formation and CDDP-
resistance than EV negative control (Figure 
6B-D). Although stronger than EV, the prolifera-
tion and colony formation abilities of PKM2 
R399/400A cells were decreased compared 
with PKM2 wt cells (Figure 6A, 6B). As for che-
mo-sensitivity, there was no difference between 
PKM2 R399/400A mutant and EV group (Figure 
6C, 6D). These results together demonstrated 
that nuclear PKM2 regulated the proliferation 
and chemo-sensitivity of HNSCC cells.

Discussion

The appearance of targeted biologic products 
has revolutionized therapy for multiple cancers 
by focusing treatment on specific components 
implicated in aberrant signaling pathway. As 
one such target, EGFR is highly expressed in 
multiple tumors including HNSCC, and is report-
ed to function as an oncogene and indicate 
poor prognosis [7]. Targeting the EGFR, with 
agents such as cetuximab, has achieved re- 
markable effect. However, the activation of 
alternative pathway and the presence of EGFR 
innate or acquired mutation lead to the resis-
tance to targeted therapy. A truncated and con-
stitutively active mutant, EGFRvIII signals upon 
self-phosphorylation and EGFR-dependent acti-
vation [13], commonly found in GBM. In HNSCC, 
co-expression of EGFR and EGFRvIII is also de- 
tected to contribute to growth and resistance 
to treatment [14], which was reconfirmed in  
this work. Even without the treatment of EGF, 
EGFRwt/vIII still promoted cell growth due to 
the self-activation of EGFRvIII. Once cultured 
with EGF, EGFRwt/vIII cells grew fastest among 

the groups, suggesting that co-expression of 
EGFR and EGFRvIII led to the increased activa-
tion of them, which is in line with previous study 
[32, 33]. However, the mechanism of EGFRwt/
vIII mediated proliferation and chemo-sensitivi-
ty still needs to be further explored. 

As a kind of receptor tyrosine kinase (RTK), 
EGFR initiates complex signaling cascades, 
once combined with its ligands. Except for 
some well-characterized pathways such as  
AKT and ERK signaling, the activation of STAT3 
and β-catenin could also be induced by EGFR 
[34-36]. β-catenin is a multiple function protein 
depending on subcellular localization. As a key 
hub of canonical Wnt pathway, β-catenin is 
translocated to the nucleus where it binds TCF/
LEF and recruits coactivators to initiate tran-
scription of multiple genes and tumorigenesis 
[37]. β-catenin signaling is associated with cell 
proliferation, CDDP resistance and even poor 
prognosis in HNSCC. Interestingly, activated 
EGFR could also mediate the nuclear translo- 
cation of PKM2 to regulate β-catenin transacti-
vation [20]. In our study, EGF/EGFR axis phos-
phorylated and activated β-catenin, while the 
level of p-β-catenin (S675) was higher in SCC- 
25vIII/UM1vIII cells. These results implied that 
β-catenin is essential for EGFRwt/vIII-depen-
dent aggressiveness in HNSCC cells.

Pyruvate kinase (PK) catalyzes the final step in 
aerobic glycolysis to generate pyruvate and 
ATP. As one of the PK isoforms, PKM2 is impli-
cated in tumorigenesis and progression of 
most cancers. One hand, PKM2 promotes 
metabolism to provide sufficient energy for cell 
rapid growth. On the other, the non-metabolic 
functions of PKM2 also seem to be indispens-
able. For instance, induced by EGF, PKM2 
translocates into the nucleus and then inter-
acts with β-catenin to regulate gene transcrip-
tion. In view of the unknown character of PKM2 
in HNSCC, we firstly analyzed GEO and TCGA 
databases to assess clinical properties of 
PKM2. Like in other tumors, significantly elevat-
ed PKM2 was detected in HNSCC tissues. 
Furthermore, Kaplan-Meier survival curve sh- 
owed that higher PKM2 expression indicated 
worse outcome. Then, we found that EGF medi-
ated activation of EGFR induced the nuclear 
translocation of PKM2. Specially, the accumu-
lation of PKM2 and activated β-catenin in 
nucleus of SCC25vIII/UM1vIII cells was much 
more than that of SCC25/UM1 cells, on account 
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of the higher activity of EGFRwt/vIII. Moreover, 
although R399/400 in NLS of PKM2 were par-
ticularly critical, the mutation of them failed to 
switch off the nuclear translocation of PKM2 
completely. But, once the level of nuclear PKM2 
became lower, the phosphorylation of β-cate- 
nin at S675 was restrained and the augment  
of proliferation and chemo-desensitivity was 
decreased. 

In conclusion, we demonstrate that EGFRwt/
vIII affects cell proliferation and chemo-sensi-
tivity of HNSCC via inducing PKM2 nuclear 
translocation and then promoting the activa-
tion of β-catenin pathway. Furthermore, the 
expression of PKM2 is aberrantly increased in 
HNSCC and indicates poor prognosis. These 
findings reveal the critical role of EGFRwt/vIII-
PKM2-β-catenin cascade in HNSCC prolifera-
tion and chemo-sensitivity and provide PKM2 
as a candidate for diagnosis and therapy of 
HNSCC.
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Supplementary Table 1. List of primers used in this investigation
Application Sequence
Clones
    PKM2 F: TTGGATCCGCCACCATGTCGAAGCCCCATAGTGAAGCC

R: TTCTCGAGCGGCACAGGAACAACACGCA
Mutations
    PKM2 R399/400A mut F: CAATTATTTGAGGAACTCGCCGCCCTGGCGCCCATTACCAGC

R: GCTGGTAATGGGCGCCAGGGCGGCGAGTTCCTCAAATAATTG

Supplementary Table 2. Primary antibodies used in 
this investigation
Primary antibody Catalog Vendor Application
EGFR 2232S Cell Signaling WB
p-EGFR (Y1068) 3777S Cell Signaling WB
β-catenin 8480S Cell Signaling WB
p-β-catenin (S675) 4176S Cell Signaling WB
Cyclin D1 2922S Cell Signaling WB
PKM2 15822-1-AP Proteintech WB/IF
H3 17168-1-AP Proteintech WB
GAPDH G8795 Sigma-Aldrich WB


