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Altered genetic features in cancer cells lead to a high rate
of aerobic glycolysis and metabolic reprogramming that
is essential for increased cancer cell viability and rapid
proliferation. Pyruvate kinase muscle (PKM) is a rate-limiting
enzyme in the final step of glycolysis. Herein, we report
that PKM is a potential therapeutic target in triple-negative
breast cancer (TNBC) cells. We found that PKM1 or PKM2 is
highly expressed in TNBC tissues or cells, Knockdown of PKM
significantly suppressed cell proliferation and migration, and
strongly reduced S phase and induced G2 phase cell cycle
arrest by reducing phosphorylation of the CDC2 protein in
TNBC cells. Additionally, knockdown of PKM significantly
suppressed NF-«B (nuclear factor kappa-light-chain-enhancer
of activated B cells) activity by reducing the phosphorylation
of p65 at serine 536, and also decreased the expression of
NF-kB target genes. Taken together, PKM is a potential target
that may have therapeutic implications for TNBC cells.
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INTRODUCTION

Triple-negative breast cancer (TNBC) represents 10% to 15%
of all breast cancers and is characterized by the low expres-
sion of progesterone receptor, estrogen receptor, and human
epidermal growth factor receptor 2 (Lebert et al., 2018). Ad-
ditionally, it is clinically associated with aggressive behavior,
rapid progression of distant metastasis and poor prognosis
(Bianchini et al., 2016; Lebert et al., 2018). Despite advanced
platinum-based chemotherapy (Tutt et al., 2018), approxi-
mately 30% of TNBC patients will die within 5 years (Bonotto
et al.,, 2014). Additionally, patients with metastatic TNBC
have a short progression-free survival (Chang et al., 2014).
Therefore, challenges remain to identify potential targets in
the field of TNBC research for treating this disease.

Cancer cells exhibit metabolic alterations to provide
biomaterials and energy that are essential for growth and
survival (DeBerardinis et al., 2008; King and Gottlieb, 2009;
Vander Heiden et al., 2009). Metabolic changes in cancer
cells increase glucose uptake and lactate production (War-
burg effect) (Fantin et al., 2006). Pyruvate kinases are crucial
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rate-limiting glycolytic enzymes that convert phosphoenolpy-
ruvate to pyruvate in the final step of glycolysis (Chaneton
and Gottlieb, 2012). Two types of genes encode mammalian
pyruvate kinase (pklr and pkm). The PKL and PKR isoforms
are encoded by the pkir gene and the pkm gene encodes the
PKM1 and PKM?2 isoforms (Mazurek, 2007; 2011). PKM1
exists in an active tetrameric form, whereas PKM2 can switch
between an active tetrameric form and an inactive dimeric
form (Mazurek, 2007; 2011). The PKM2 protein is regulated
by several post-translational modifications, including phos-
phorylation (Gao et al., 2012; Yang et al., 2012b), prolyl
hydroxylation (Luo et al., 2011), acetylation (Lv et al., 2011),
cysteine oxidation (Anastasiou et al., 2011), and demethyla-
tion (Wang et al., 2014). These modifications lead to the sup-
pression of pyruvate kinase activity (Harris et al., 2012) and
the resultant dimeric PKM2 is translocated into the nucleus
and acts as an active protein kinase to phosphorylate specific
nuclear proteins (Gao et al., 2012; Yang et al., 2012a). It
also acts as a co-activator of hypoxia-inducible factor (HIF)-1
alpha (Luo et al., 2011) and is heavily involved in tumorigene-
sis. Additionally, PKM1 promotes tumor growth by activating
glucose catabolism and autophagy in pulmonary neuroendo-
crine tumors (Morita et al., 2018). PKM1 is a therapeutic tar-
get in paclitaxel-resistant gastric cancer cells (Okazaki et al.,
2018). These findings suggest a requirement for therapeutic
drugs that target PKM1 and PKM2 in cancer treatment.
Interestingly, PKM2 promotes angiogenesis through the acti-
vation of NF-xB/p65 and HIF-1¢ in hypoxic pancreatic tumors
(Azoitei et al., 2016). NF-kB/RelA binds to the PKM promoter
and induces the expression of PKM2 in glioblastoma mul-
tiforme (Han et al., 2015). Thus, these reports suggest the
importance of metabolic cooperation between the NF-«xB
(nuclear factor kappa-light-chain-enhancer of activated B
cells) pathway and PKM.

The NF-«xB family of transcription factors are key regula-
tors of inflammation, immune response, cell differentiation,
proliferation, and survival (Hayden and Ghosh, 2008). NF-«xB
comprises a family of five transcription subunits, p65/RelA,
c-Rel, RelB, p50/NF-xB1, and p52/NF-xB2, that form distinct
protein complexes, which bind to consensus DNA sequences
at promoter regions of responsive genes regulating cellular
processes (Nabel and Verma, 1993). Additionally, NF-xB is
frequently activated in TNBC and inhibition of NF-«xB activity
suppresses growth of TNBC cells (Barbie et al., 2014; Yama-
guchi et al., 2009). Treatment with STAT3/NF-xB responsive
element-driven suicide gene therapy inhibits growth of TNBC
cells (Kuo et al., 2017).

The purpose of our study was to identify a promising target
that plays crucial roles in TNBC cell growth. Here, we report
that knockdown of PKM results in anticancer effects against
TNBC cells by reducing NF-«B activation. This might be a po-
tential therapeutic strategy against TNBC cell growth.

MATERIALS AND METHODS

Cell culture

All cell lines were purchased from the American Type Cul-
ture Collection (ATCC, USA) and were cytogenetically tested
and authenticated before the cells were frozen. Each vial
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of frozen cells was thawed and maintained in culture for a
maximum of 8 weeks. MCF10A normal breast cells and 4T1
mouse TNBC cells were cultured in Roswell Park Memorial
Institute medium 1640 (RPMI1640) supplemented with
10% fetal bovine serum (FBS; Biological Industries, USA) and
1% penicillin/streptomycin (Biological Industries). HCC1937
TNBC cells were cultured in RPMI1640 medium supplement-
ed with 10% FBS, 1% penicillin/streptomycin (100 ug/ml),
non-essential amino acids (NEAA; Thermo Fisher Scientific,
China), and sodium pyruvate (Thermo Fisher Scientific).
MDA-MB-231 and MDA-MB-436 TNBC cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% FBS and 1% penicillin/streptomycin.

Reagents

The antibodies to detect PKM1 (Cat# 7076S), total PKM2
(Cat# 4053S), -CDC2 (Cat# 28439S), p65 (Cat# 8242), cyclin
B1 (Cat# 4135S), phosphorylated PKM2 (Tyr; Cat# 3827),
CDC2 (Tyr15; Cat# 4539S), and p65 (Ser536; Cat# 3033)
were purchased from Cell Signaling Technology (USA). The
antibody to detect p-actin (Cat# KM9001) was from Tianjin
Sungene Biotech (China). 2-Deoxy-D-glucose (2-DG; Cat#
HY-13966) was purchased from MedChem Express (USA).

Cell proliferation assay

MCF 10A (3 x 10° cells per well) or HCC1937 (3.2 x 10 cells
per well) and MDA-MB-231 (2.9 x 10° cells per well) cells
were seeded in 96-well plates and incubated for 48 h. Twen-
ty microliters of the MTT solution (Solarbio, China) were add-
ed to each well and incubated for 2 h at 37°C in a 5% CO,
incubator. The cell culture medium was removed and then
200 ul of DMSO were added to each well and crystals were
dissolved. Absorbance was measured at 570 nm using the
Thermo Multiskan plate-reader (Thermo Fisher Scientific).

Anchorage-independent cell growth

Cells (8 x 10° per well) suspended in complete growth me-
dium (Basal Medium Eagle [BME]; Thermo Fisher Scientific)
supplemented with 10% FBS, 1% gentamicin and L-gluta-
mine were added to 0.3% agar in a top layer over a base
layer of 0.6% agar. The cultures were maintained at 37°C
in a 5% CO, incubator for 3 weeks and then colonies were
counted under a microscope using the Image-Pro Plus soft-
ware (v.6) program (Media Cybernetics, USA).

Migration assay

Transwell chambers (Corning, USA) were coated outside with
Matrigel and dried for 30 min at room temperature under
sterile conditions. The lower compartment was filled with
600 ul complete medium. Samples containing 5 x 10 cells
in 200 pl serum-free medium were added to the upper com-
partment. The chambers were incubated for 72 h at 37°C in
a 5% CO, atmosphere. Migrated cells were fixed with meth-
anol and stained with hematoxylin and eosin. Photos of the
stained cells were captured with the MShot Digital Imaging
System (China) under a microscope and analyzed using the
Image-Pro Plus software (v.6) program.
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Knockdown of PKM by siRNA against PKM1 or PKM2,
and overexpression of PKM by cloning into a PKM1 or
PKM2 expression vector

A short RNAI sequence against PKM1 (siPKM1-1, 5-GCGU
GGAGGCUUCUUAUAA-3’; siPKM1-2, 5-CUUGCCUGCUGU-
GUCGGAG-3) and PKM2 (siPKM2-1, 5-GUUCGGAGGUUU
GAUGAAAUC-3’; siPKM2-2, 5-CCAUA AUCGUCCUCAC-
CAA-3’) was designed. TNBC cells were transfected with
each siRNA and incubated for 48 h. An overexpressing-PKM 1
or -PKM2 vector was cloned into the pcDNA3.1-myc/his vec-
tor (Kim et al., 2015). MCF10A breast cells were transfected
with PKM1, PKM2, or both PKM1 and PKM2 vectors and in-
cubated for 48 h. After selection with G418 (200 pg/ml) for
1 week, cells were used to conduct further studies.

shRNA constructs and lentiviral production

A short hairpin RNA (shRNA) sequence against PKM was
designed (5’-CCGGGCCCACCTGAATGTCAATAAACTC-
GAGTTTATTGACATTCAGGTGGGCTTTTTG-3’) and cloned
into the lentiviral vector (pLKO-shPKM). To prepare PKM viral
particles, HEK293T cells were transfected with each viral vec-
tor and packaging vectors and incubated for 48 h. Viral par-
ticles were harvested by filtration using a 0.45 mm sodium
acetate syringe filter. After combined with 8 pg/ml of poly-
brane (Sigma-Aldrich, USA), the viral particles were infected
into MCF 10A, HCC1937, or MDA-MB-231 cells. Cell culture
medium was replaced at 24 h with fresh complete medium
after infection.

Cell cycle analysis

Cells were seeded into 60-mm culture dishes (5 x 10* cells
per dish) and incubated for 24 h. Cells were infected with
shControl or shPKM virus particles and incubated for 24 h.
Cell culture medium was replaced with fresh complete me-
dium and incubated for 48 h. Cells were harvested by tryp-
sinization and washed with cold phosphate buffered saline
and then fixed in 1 ml 70% cold ethanol. After rehydration,
cells were disrupted in 0.6% Triton X-100 and digested with
100 ug/ml RNase for 1 h. Cells were subsequently stained
with 20 pg/ml propidium iodide (Clontech, USA) for 15 min
and then cell cycle was analyzed by flow cytometry (Becton,
Dickinson and Company, USA).

Luciferase reporter assay

Transient transfection was conducted using Lipofectamine
2000 (Invitrogen, USA) and assays to determine firefly lucif-
erase and Renilla activities were performed according to the
manufacturer's manual (Promega, USA). Cells (1 x 10* cells
per well) were seeded in 12-well culture plates and incubat-
ed for 24 h. Cells were co-transfected with an NF-«xB or AP1
reporter plasmid (250 ng) and an internal control vector (oC-
MV-Renilla, 50 ng) and incubated for 24 h. Cells were infect-
ed with shControl or shPKM virus particles and incubated for
24 h. Cell culture medium was replaced with fresh complete
medium and incubated for 48 h. Luciferase activities were
measured using the substrates provided in the reporter assay
system (Promega) using a Luminoskan Ascent plate reader
(Thermo Fisher Scientific). The luciferase activity was normal-
ized to Renilla luciferase activity.
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RNA extraction and reverse transcription polymerase
chain reaction (RT-PCR)

RNA extraction from cells was performed according to the
manufacturer's manual (AXYGEN, China). One microgram
of each RNA sample was reverse transcribed using reverse
transcriptase (TaKaRa Bio, China) according to the man-
ufacturer’s guidelines. The primers used in this study are
as follows: PKM1-F, 5-CAGCCAAAG GGGACTATCCT-3,
PKM1-R 5-GAGGCTCGCACAAGTTCTTC-3’; PKM2-F 5-C
TATCCTCTGGAGGCTGTGC-3’, PKM2-R 5-GTGGGGTCGCT-
GGTAATG-3’; IL6-F 5-TCCACAAGCGCCTTCGGTC-3, IL6-R
5-CAGGCTGGCATTTGTGGTTG 3’; CXCL1-F 5-CCCAAAC-
CGAAGTCATAGCCA-3’, CXCL1-R 5-TGTTGCAGG C TCCT-
CAGAAAT-3’; tumor necrosis factor alpha (TNFa)-F 5-CAAG-
GACAGCAGAGGACCAG -3, TNFo-R 5-GGGTTTGCTACAA-
CATGGGC-3’ and p-actin-F 5’-CCTCGCCTTTGCCGATC C-3,
B-actin-R 5-TGAAGGTCTCAAACATGATCTGG-3.

Statistical analysis

All quantitative results are expressed as mean + SD. Statisti-
cally significant differences were obtained using the Student’s
t-test or by one-way ANOVA (IBM SPSS Statistics ver. 24.0;
IBM, USA). A value of P < 0.05 was considered to be statisti-
cally significant.

RESULTS

PKM1 and PKM2 are highly expressed in TNBC tissues
and cells

To determine whether the PKM1 protein is differentially
expressed, normal or TNBC tissues were analyzed by immu-
nohistochemistry. Results showed that the PKM1 protein
was highly expressed in TNBC tissues compared to normal
tissues (Fig. 1A). We also examined the expression of PKM1
and PKM2 by Western blotting in 12 paired TNBC tisseus.
Results indicated that the PKM1 protein was highly expressed
in adjacent tissues, whereas the PKM2 protein was strongly
expressed in tumor tissues (Fig. 1B). Additionally, we exam-
ined the expression of PKM1 or PKM2 by Western blotting
or reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR) in MCF10A normal breast and human TNBC
(MDA-MB-231, MDA-MB-436, and HCC1937) and mouse
TNBC (4T1) cells. Results showed that the protein and mRNA
levels of PKM1 are highly expressed in TNBC cells compared
to MCF10A normal breast cells (Figs. 1C and 1D). The PKM2
protein is overexpressed in MDA-MB-231 and HCC1937
TNBC cells, and the phosphorylated PKM2 protein is highly
expressed in MDA-MB-231 and 4T1 TNBC cells (Fig. 10).

Knockdown of PKM suppresses growth and migration of
TNBC cells

To study the influence of PKM1 or PKM2 expression on cell
growth, specific siRNAs against PKM1 or PKM2 were used
(Supplementary Figs. TA and 1B). Cell growth was analyzed
by MTT or soft agar assay and results indicated that knock-
down of PKM1 or PKM2 significantly suppressed growth of
TNBC cells (Supplementary Figs. 1C and 1D). Additionally, the
phosphorylated p65 protein was strongly inhibited by knock-
down of PKM1 or PKM2 (Supplementary Fig. 1E). Therefore,
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we established stable knockdown of PKM in MCF10A, MDA-
MB-231, or HCC1937 cells (Fig. 2A and Suppplementary
Fig. 2), and these cells were used to conduct further studies.
Cell growth was analyzed by MTT or soft agar assay. Results
showed that growth of TNBC cells was significantly inhibited
by knockdown of PKM, whereas growth was not affected in
MCF10A normal breast cells (Figs. 2B and 2C). We next ex-
amined whether knockdown of PKM could affect cell migra-
tion. Results indicated that migration of TNBC cells was sig-
nificantly inhibited by knockdown of PKM but not changed in
MCF10A normal breast cells (Fig. 2D).

Knockdown of PKM induces G2/M phase cell cycle arrest

To determine the effect of PKM knockdown on cell cycle in
TNBC cells, we performed flow cytometry analysis. Cells were
infected with shPKM virus particles and then incubated for 72
h. The results indicated that knockdown of PKM significantly

reduced S phase and induced G2/M phase cell cycle arrest
(Figs. 3A and 3B). Additionally, we investigated whether
knockdown of PKM could affect the expression of G2 phase
marker proteins. Cells were infected with shPKM virus parti-
cles for 72 h and cell cycle marker proteins were analyzed by
Western blotting. Results indicated that knockdown of PKM
consistently attenuated the expression of the phosphorylated
CDC2 protein (Fig. 3C and 3D). Additionally, the expression
of total CDC2 and cyclin B1 was decreased in HCC1937
TNBC cells (Fig. 3C and 3D).

Knockdown of PKM inhibits NF-xB activity in TNBC cells

PKM2 was shown to induce NF-xB activation in fibroblasts
(Chiavarina et al., 2011) and AP1 activation is essential
for TNFa-mediated TNBC progression (Qiao et al., 2016).
Therefore, we investigated the effect of PKM knockdown on
NF-xB or AP1 transcritional activation in MCF10A or TNBC

Mol. Cells 2019; 42(9): 628-636 631



Anticancer Activities by PKIM Knockdown in TNBC Cells
Chaobing Ma et al.

A
MCF10A MDA-MB-231 HCC1937

shControl + - + - + -
shPKM

PKM1

PKM2 |

B-Actin l - —

MCF10A MDA-MB-231HCC1937

-
N
o

-
0 O
o o

Cell proliferation
(% of control)
88

N
o

0
shControl + - + - + -

shPKM - + - + - +

O

shControl shPKM

120 , HCC1937

Number of colonies
(% of control)
o o o O© o

shControl + - |~ ° -
shPKM - + [“.:~

MCF10A

shControl shPKMs

-
0 o N
© o o

H
o

Cell migration
(% of control)
[=2]

o

N
o

0
shControl + -
shPKM - +

MDA-MB-231  shControl shPKM

-
0 O N
o © ©

B
(=}

Cell migration
(% of control)
[=2]

o

N
o
*
*

0
shControl + -
shPKM - +

HCC1937

=N
N
(=]

shControl shPKM

-
® 9
o o

H
o

Cell migration
(% of control)
[=2]

o

N
o

0
shControl + -
shPKM - +

Fig. 2. Knockdown of PKM1/2 suppresses growth and migration of TNBC cells. (A) Expression of PKM1 and PKM2 proteins in
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Image J (NIH) software program. (B) Effect of PKM knock-down on cell growth. Cells were seeded and then incubated for 72 h. Cell
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cells. Cells were transfected with an NF-«B or AP1-luciferase
reporter vector and then infected with shPKM virus particles
for 72 h, and the luciferase activity was measured from the
cell lysates. Results showed that NF-xB reporter activity was
significantly decreased in PKM knockdown TNBC cells com-
pared to control TNBC cells, whereas NF-«xB reporter activity
was not changed in MCF10A normal breast cells (Fig. 4A).
Additionally, AP1 reporter activity was not affected by knock-
down of PKM (Fig. 4B). The decreased NF-«B reporter activity
was verified by assessing the expression of phosphorylated
p65 and total p65 proteins as well as target gene expression
of NF-xB signaling. Results showed that the expression of
the phosphorylated p65 protein and the transcriptional ex-
pression of IL6, CXCL1, and TNF-a. were strongly inhibited by
knockdown of PKM in TNBC cells, but not changed in MC-
F10A normal breast cells (Figs. 4C and 4D).
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DISCUSSION

The metabolic function of pyruvate kinase and the mecha-
nism of its regulation of cancer growth have been reported
for varous cancer types (Christofk et al., 2008; Luo and Se-
menza, 2011). Therefore, it could be useful for the targeting
of cellular metabolism for responsiveness to cancer therapy
(Dang, 2012; Kroemer and Pouyssegur, 2008; Tennant et
al., 2010). Here, we examined PKM as a metabolic target
contributing to the growth of TNBC cells. We found that
growth of TNBC cells was sensitive to the inhibitory effect
of PKM knockdown compared to growth of MCF10A nor-
mal breast cells (Figs. 2B and 2C). Additionally, our results
consistently indicated that high doses of 2-DG as a glucose
analogue weakly suppressed growth of MCF10A cells (Sup-
plementary Fig. 3A), whereas 2-DG dose-dependently inhib-
ited growth of HCC1937 cells (Supplementary Figs. 3B and
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3C). This result suggested that cancer cells exhibit alternative
metabolic requirements, including glycolysis, compared to
normal cells (DeBerardinis et al., 2008), which are essential
for supporting tumor cell growth and survival (Tennant et al.,
2009). Therefore, PKM is a potential metabolic target of the
glycolytic signaling pathway in TNBC cells. Additionally, the
expression of PKM1 and PKM2 was differentially regulated
in TNBC tissues and cells (Fig. 1). Therefore, we also suggest
that the individual function of PKM1 and PKM2 may be in-
volved in tumorigenesis or progression of TNBC, respectively.
Elucidating the relationship between the expression of the
PKMs and metabolic functions during TNBC tumorigenesis
is essential. Therefore, we next investigated whether overex-
pression of PKM could affect tumorigenesis of normal breast
cells. MCF10A cells were transfected with PKM1, PKM2, or
both PKM1 and PKM2. Expression of PKM1 and PKM2 was
analyzed by Western blotting (Supplementary Fig. 4A). Cell
growth was analyzed by MTT, soft agar, or foci formation as-
say. Results showed that growth of cells stably overexpressing
PKM1, PKM2, or both PKM1 and PKM2 was little changed
compared with control cells (Supplementary Figs. 4B-4D).
Additionally, we examined the effect of PKM overexpression

on NF-xB activity. Results indicated that overexpression of
PKM could not affect the activity of NF-xB and the phos-
phorylation of p65 (Supplementary Figs. 4E and 4F). Theses
results indicated that stably overexpressing PKM1, PKM2,
or both PKM1 and PKM2 cannot induce tumorigenesis of
normal breast cells and activity of NF-kB. Oncogenic tyrosine
kinases are reportedly activated in TNBC cells, but not in nor-
mal cells (Wu et al., 2015). Among them, 9 different tyrosine
kinases induce the phosphorylation of PKM2 at tyrosine 105
(Zhou et al., 2018). Furthermore, phosphomimetic PKM2
(Y105D), as a dimeric form, induces colony formation in MC-
F10A normal breast cells, but not wildtype PKM2 expressing
cells (Zhou et al., 2018). Therefore, we suggest that overex-
pression of PKM2 combined with the activation of tyrosine
kinase signaling leads to the dimeric form of PKM2 and can
promote tumorigenesis of normal breast cells. Additionally,
overexpression of PKM1 might provide biomaterials through
metabolic alterations during tumorigenesis.

NF-«xB activation can promote tumor growth, proliferation,
and invasion of TNBC (House et al., 2018; Ito-Kureha et al.,
2015). Additionally, positive crosstalk between NF-xB and
PKM has been reporoted (Azoitei et al., 2016; Han et al,
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Fig. 4. Knockdown of PKM inhibits NF-kB activity in TNBC cells. The effect of PKM knockdown on NF-xB (A) and AP-1 (B) reporter
activity. Cells were transfected with an NF-xB or AP-1 reporter plasmid and CMV-renilla and then incubated for 48 h. Reporter activity was
measured using substrates included in the reporter assay system. Data are shown as mean + SD of triplicate values from 3 independent
experiments and the asterisks indicate a significant difference between shPKM cells and shControl cells (*P < 0.05). (C) Effect of PKM
knockdown on the phosphorylation of the p65 protein. Cells were analyzed by Western blotting. All results of Western blotting are shown
as mean = SD for 3 independent experiments and as a bar graph. (D) Effect of PKM knockdown on the expression of NF-«xB target genes.
Gene expression was analyzed by RT-PCR. (C and D) p-Actin was used to verify equal protein loading and band density was measured
using the ImageJ software program. Similar results were obtained from 3 independent experiments and representative blots are shown.

mechanisms and metabolic changes of PKM in TNBC cells.
These studies may assist in the successful development of
therapeutics against TNBC.

2015). Therefore, we investigated the effect of PKM knock-
down on NF-kB activity and results indicated that knockdown
of PKM significantly inhibited NF-«B activity by reducing phos-
phorylation of p65 in TNBC cells (Figs. 4A and 4C). However,
how PKM can regulate NF-«xB activity through the phosphor-
ylation of p65 is not clear. IKKp plays an essential role in the
phosphorylation of RelA/p65 on serine 536 and regulates NF-
kB activation (Israel, 2010). Dimeric PKM2 acts an active pro-
tein kinase that phosphorylates specific nuclear proteins (Gao
etal, 2012; Yang et al., 2012a). Therefore, in future studies
we will investigate whether the expression of the PKM2 pro-
tein is differentially localized in the cytoplasm or nucleus, and
whether dimeric PKM2 can phosphorylate the p65 protein at
serine 536 or affect IKKB signaling molecules.

In conclusion, PKM is a novel metabolic target of TNBC
cells that inhibits growth and migration by reducing NF-xB
activation. Future studies will focus on providing additional

Note: Supplementary information is available on the Mole-
cules and Cells website (www.molcells.org).
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