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A novel role for a glycolytic pathway kinase in regulating autophagy has implications
in cancer therapy
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ABSTRACT
When it comes to cancer initiation and progression, macroautophagy/autophagy seemingly acts in a
contradictory fashion, serving either as a suppressive factor that functions to protect against tumor formation
or as a support mechanism that sustains the disease itself through its cytoprotective functions. In tumor
suppression, autophagy assists by restricting oxidative stress and curbing genomic instability that could
possibly cause oncogenic mutations. However, in certain circumstances, autophagy can also promote cancer
by providing nourishment and by limiting stress-response pathways, leading to cancer cell survival and rapid
proliferation. Thus, autophagy’s role in oncogenesis is highly context-dependent and varies from one cancer
type to another. As a consequence, identifying the mechanisms that alter and rewire autophagic regulation
and flux is extremely crucial to target autophagy as a possible avenue for anticancer treatment. In a recent
study, Qian et al. endeavored to identify one such key regulatory pathway in hypoxia- and glutamine
deprivation-induced autophagy in tumorigenic cells. In this pathway, phosphatidylinositol 3-phosphate
(PtdIns3P) production by the class III phosphatidylinositol 3-kinase (PtdIns3K) complex is greatly improved
through a cascade of posttranslational modifications that culminates in the phosphorylation of the
scaffolding protein BECN1 by the glycolytic pathway kinase PGK1.
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Many cancer cells are dependent on glutamine metabolism—
this particular amino acid is a good source of both carbon and
nitrogen, is readily used and is exploited to drive uncontrolled
proliferation and rapid growth.1,2 In their manuscript, Qian
et al.3 show that the deprivation of glutamine in U87 human
glioblastoma cells results in increased autophagy that is inde-
pendent of AMPK- and ULK1-mediated phosphorylation of
BECN1. Through mass spectrometry, the authors identified the
kinase directly responsible for activating BECN1—PGK1. This
role of PGK1 was successively verified through a series of
immunoprecipitation experiments wherein the authors clearly
showed that PGK1 can bind to BECN1 and ATG14 when gluta-
mine is depleted.

The authors next explored the molecular trigger that allows
for this interaction. Again using mass spectrometry it was dis-
covered that upon glutamine deprivation PGK1 becomes acety-
lated at residue Lys388 by the NAA10/ARD1 acetyltransferase.
When this lysine is mutated to an arginine, acetylation is abol-
ished, resulting in PGK1’s inability to bind and subsequently
phosphorylate BECN1 at Ser30. The authors further explored
the effect of this acetylation on autophagy. Compared to the
wild type, the Lys388Arg variant exhibits decreased PtdIns3P
production, reduced SQSTM1/p62 degradation, and lower
LC3B-II levels. In contrast, when Lys388 is mutated to a Glu to
mimic acetylation, enhanced BECN1 binding is observed.
Moreover, the authors probed NAA10 and PGK1 binding and
showed that even though these 2 proteins can readily interact
with each other during glutamine-rich conditions, as exhibited

by several complimentary immunoprecipitation experiments,
their interaction, upon glutamine starvation, is enhanced. To
further substantiate their claim that NAA10 is indeed the ace-
tyltransferase that activates PGK1, the authors performed an in
vitro acetylation experiment using recombinantly purified pro-
teins. This result was verified in vivo, as PGK1 is not acetylated
when NAA10 is knocked down using RNA interference.
NAA10 also proves to be crucial to glutamine starvation-
induced autophagy in U87 cells as its depletion or replacement
with a transferase-deficient variant results in reduced SQSTM1
degradation. Overall, these results indicate that PGK1 is indeed
an NAA10 substrate and this acetylation reaction is responsible
for autophagy induction during glutamine deprivation.

In the next part of their analysis the authors probed how
NAA10-facilitated acetylation of PGK1 is regulated. It was pre-
viously shown that NAA10 is directly phosphorylated by
MTOR, and the authors determined that Ser228 is the site rele-
vant to glutamine deprivation-induced autophagy. More
importantly, when U87 cells are treated with the MTOR inhibi-
tor Torin1 PGK1 and NAA10 interaction is enhanced, PGK1
Lys388 acetylation is evident, and PGK1-BECN1 binding is
observed despite there being ample amounts of glutamine in
the medium. These enhanced molecular interactions result in
high levels of LC3B-I to LC3B-II conversion, suggesting that
overall autophagic flux is improved upon Torin1 treatment.
Together, these results paint a clear picture that MTOR inhibi-
tion brought about by glutamine deprivation results in the
dephosphorylation of NAA10, which leads to the acetylation of
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PGK1 and its subsequent binding to BECN1, and together
these events induce autophagy.

The authors then investigated how PGK1-dependent phos-
phorylation of BECN1 affects the function of the PtdIns3K
complex. To this end, the activity of PIK3C3/VPS34 was exam-
ined. Compared to the wild type, U87 cells bearing the phos-
pho-deficient BECN1S30A mutant, exhibit lower production of
PtdIns3P upon glutamine starvation. This result is due to lower
binding of PIK3C3 to its substrate, PtdIns, and not due to an
unstable PIK3C3-ATG14-BECN1 complex. Protease digestion
patterns also revealed a probable conformational change in the
PtdIns3K complex upon BECN1 Ser30 phosphorylation medi-
ated by PGK1. This conformational change provides a likely
explanation for the increase in PIK3C3’s ability to bind PtdIns,
which results in an upsurge in PtdIns3P synthesis.

The authors then asked whether this regulatory pathway is
specific to glutamine deprivation by testing other forms of
stressors including glucose starvation and hypoxia. Interest-
ingly, depletion of glucose does not induce the PGK1-depen-
dent phosphorylation of BECN1 whereas hypoxia does. In a
similar fashion to glutamine deprivation, U87 cells cultured in
hypoxic conditions also exhibit PtdIns3P puncta formation.

To test the significance of their findings, the authors looked
at how PGK1-mediated autophagy induction affects cancer cell
growth. First, U87 cell proliferation is reduced when hypoxia-
induced autophagy is inhibited by PGK1 or BECN1 depletion.
Moreover, this effect is reversed when the respective wild-type
proteins are added back to the cells. Significantly, when either
an acetylation-deficient variant of PGK1 or a phospho-deficient
BECN1 at Ser30 is reintroduced into the respective depletion
strains cell proliferation is inhibited similar to the original
depletion strains. Second, tumorigenesis was studied in mice
cranially injected with U87 cells. The results show that pro-
nounced tumor growth is seen in mice treated with cells recom-
binantly expressing wild-type PGK1 or BECN1, whereas tumor
growth is stalled in mice implanted with PGK1- or BECN1-
depleted cells. Similarly, tumor growth rate is considerably less
in mice receiving U87 cells containing either PGK1K388R or
BECN1S30A. Last, the authors looked at dozens of human glio-
blastoma samples to determine whether or not there is a
correlation between PGK1 acetylation and/or BECN1 S30
phosphorylation with regard to cancer prognosis and patient
survivability. Using specific antibodies it was determined that
higher levels of both PGK1 Lys388 acetylation and BECN1
Ser30 phosphorylation strongly correlate with decreased sur-
vivability in patients. However, when acetylation and phos-
phorylation levels are low, average survival duration more than
doubles. Taken together, these results strongly indicate that
under hypoxic conditions the NAA10-mediated acetylation of

PGK1 and the PGK1-dependent phosphorylation of BECN1
induce autophagy and trigger brain tumor development, prolif-
eration and aggressiveness.

In conclusion, the work presented by Qian et al. provides a
thorough mechanistic look into how PGK1 can act as a protein
kinase to regulate autophagy, a novel role distinct from its
canonical glycolytic function, which has significant implica-
tions in anticancer therapy. Although autophagy can suppress
cancer formation,4 it can also facilitate oncogenesis and aid
cancer cell survival in response to stress in a particular micro-
environment.5 One main drawback of inactivating autophagy
as a cure for cancer is that normal, healthy cells still require
autophagic function. The work discussed here could present a
way to circumnavigate this dilemma by allowing autophagy to
be specifically inhibited only in cancerous tissues, sparing
healthy ones from detrimental consequences. Thus, the
NAA10-dependent PGK1-mediated phosphorylation of
BECN1 is an attractive regulatory pathway to pursue to cause
autophagy inactivation as a form of cancer therapy.
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