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Figure 3. PKM2 correlates positively with B-catenin and indicates poor prognosis of HNSCC. A. The analysis of GEO database (GSE37991) indicated that PKM2
elevated in HNSCC tissues and correlated with B-catenin positively. N, adjacent normal tissues, C, HNSCC tissues. B. The protein levels of B-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 B-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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Figure 4. EGFRwt/Vlll 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. Inmunofluorescence
staining suggested that EGF treatment led to the accumulation of nuclear PKM2. Scale bars, 20 uym. C. The results
of immunoblots showed that the nuclear translocation of PKM2 was more efficient in SCC25vlll/UM2vlII cells com-
pared to SCC25/UM1 cells with EGF, as well as the activation of B-catenin.
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Figure 5. PKM2 R399/400 is essential for its nuclear translocation and the
activation of B-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 B-catenin at S675, while the
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level of activated [-catenin was
restrained in PKM2 R399/400A
cells (Right). EV, empty vector.

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
B-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 B-
catenin (Figure 5A). The resu-
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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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Its 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 B-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 mutantand 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 EGFRuVIII 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/VlIl still promoted cell growth due to
the self-activation of EGFRvIIl. Once cultured
with EGF, EGFRwt/VllI cells grew fastest among
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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/
vl 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 B-catenin could also be induced by EGFR
[34-36]. B-catenin is a multiple function protein
depending on subcellular localization. As a key
hub of canonical Wnt pathway, B-catenin is
translocated to the nucleus where it binds TCF/
LEF and recruits coactivators to initiate tran-
scription of multiple genes and tumorigenesis
[37]. B-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 3-catenin transacti-
vation [20]. In our study, EGF/EGFR axis phos-
phorylated and activated B-catenin, while the
level of p-B-catenin (S675) was higher in SCC-
25vlll/UMAvII cells. These results implied that
B-catenin is essential for EGFRwt/vlll-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 B-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
PKMZ2. 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 B-catenin in
nucleus of SCC25vlll/UMAvIII cells was much
more than that of SCC25/UM1 cells, on account
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of the higher activity of EGFRwt/VlIl. 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 -cate-
nin at S675 was restrained and the augment
of proliferation and chemo-desensitivity was
decreased.

In conclusion, we demonstrate that EGFRwt/
vlll affects cell proliferation and chemo-sensi-
tivity of HNSCC via inducing PKM2 nuclear
translocation and then promoting the activa-
tion of B-catenin pathway. Furthermore, the
expression of PKM2 is aberrantly increased in
HNSCC and indicates poor prognosis. These
findings reveal the critical role of EGFRwt/VllI-
PKM2-B-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
B-catenin 8480S Cell Signaling WB
p-B-catenin (S675) 4176S Cell Signaling WB
Cyclin D1 29228 Cell Signaling WB
PKM2 15822-1-AP  Proteintech WB/IF
H3 17168-1-AP  Proteintech WB
GAPDH G8795 Sigma-Aldrich WB




