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Parkin on serine: a Parkinson disease gene suppresses
serine synthesis in cancer
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The serine synthesis pathway

The reprogramming of cellular metabo-
lism has emerged as a bona fide hallmark
of cancer, now comfortably seated next
to canonical phenotypes such as replica-
tive immortality and sustained prolifer-
ative signaling (1, 2). Cancers alter their
metabolism for many reasons, including
adaptation to limited nutrient conditions,
fueling the biosynthetic demands of rapid
proliferation, and reprogramming gene
expression through metabolites (1). While
much is still unknown about the underly-
ing causes of metabolic reprogramming,
known mechanisms include direct muta-
tion of metabolic enzymes (i.e., isocitrate
dehydrogenase 1 and 2, fumarate dehy-
dratase, succinate dehydrogenase) and
indirect effects of mutations in pleiotro-
pic cancer genes (i.e., KRAS, MYC, NRF2)
(3). These changes also create metabolic
vulnerabilities that can be therapeutically
targeted, such as with longstanding ther-
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Phosphoglycerate dehydrogenase (PHGDH) catalyzes the first step in
the synthesis of the amino acid serine, important for protein synthesis,
one-carbon metabolism, lipid production, redox homeostasis, and other
key processes of normal and cancer metabolism. While PHGDH is often
overexpressed in cancer cells, how it is regulated has been unclear. In
this issue of the JCI, Liu and colleagues describe a new aspect of PHGDH
regulation, demonstrating that the Parkinson disease gene and tumor
suppressor Parkin bound and ubiquitinated PHGDH. Parkin promoted
PHGDH degradation, suppressed serine synthesis, and inhibited tumor
growth in human cancer cell line xenografts. Conversely, inactivation of
Parkin not only accelerated tumor growth, but also sensitized tumors to
small molecule inhibitors of PHGDH. These results offer a new link between
Parkin and the serine synthesis pathway, and they bear translational
potential that warrants further study in Parkin-deficient human cancers.

apies, such as L-asparaginase, recent
arrivals, such as inhibitors of mutant
isocitrate dehydrogenase 1/2, and many
investigational therapies, such as gluta-
minase inhibitors and arginine-depleting
enzymes (3). For these reasons, identify-
ing mechanisms of metabolic reprogram-
ming in cancer promises to advance both
understanding of disease biology and
development of metabolic therapies.

One metabolic process commonly
reprogrammed in cancer is the serine
synthesis pathway (SSP). Initiated by the
rate-limiting conversion of the glycolytic
intermediate  3-phosphoglycerate  to
3-phosphohydroxypyruvate by the enzyme
phosphoglycerate dehydrogenase (PHG-
DH), this pathway produces the nonessen-
tial amino acid serine, important in protein
synthesis, one-carbon metabolism, lipid
production, redox homeostasis, and other
vital cellular processes. In cancer, PHG-
DH expression is frequently elevated, and
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serine synthesis is frequently increased
(4). Elegant studies in mice have shown
that upregulation of the SSP is selected by
tumors to gain a growth advantage in tissues
where extracellular serine is limiting (5). In
some cancers, this occurs through amplifi-
cation of the PHGDH gene (6, 7). In others,
it may be transcriptional upregulation of
PHGDH produced by alterations in genes
such as MYC and NRF2 (8, 9). However,
in most cancers, the mechanisms behind
reprogramming of the SSP are unknown.
Discovering these mechanisms may have
therapeutic, as well as biologic, value. Sev-
eral small molecule inhibitors of PHGDH
have been developed, and they show pre-
clinical anticancer activity in tumors with
upregulation of the SSP (10-12).

A mutated ubiquitin ligase
In this issue of the JCI, Liu et al. (13) report
a unique mechanism of PHGDH regu-
lation by the Parkin (or PRKN) gene, a
ubiquitin ligase that is mutated in a tumor-
suppressor pattern in several cancer types
(Figure 1). The authors started with a mass
spectrometry screen of PHGDH-binding
partners and found that the IBR domain of
Parkin bound the SBD2 domain of PHG-
DH. This interaction was accompanied by
ubiquitination of PHGDH at lysine 330 by
Parkin, and this ubiquitination catalyzed
the degradation of PHGDH in human
cancer cell lines. The researchers then
showed that degradation of PHGDH pro-
tein by Parkin suppressed serine synthesis,
inhibited cell proliferation, and restrained
growth of human cancer cell lines as xeno-
grafts in immunodeficient mice. Finally,
the authors reported that human cancer
cell lines with knockout of Parkin exhib-
ited increased sensitivity to small mole-
cule inhibitors of PHGDH, including the
bioavailable compound NCT-503, which
preferentially inhibited the growth of
Parkin-knockout tumors in vivo (13).

Liu et al. (13) make several interest-
ing contributions to our understanding
of cancer metabolism. First, the authors
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Figure 1. Proposed mechanism for how Parkin suppresses serine synthesis and tumor growth. (A) Tumors with intact Parkin target PHGDH for degrada-
tion, restricting intracellular serine synthesis and tumor growth. (B) Tumors lacking Parkin (due to knockout) have elevated PHGDH, serine synthesis, and
tumor growth. (C) Targeting PHGDH with the small molecule NCT-503 inhibits serine synthesis and growth of Parkin knockout tumors.

identify a unique mode of SSP regulation
through the ubiquitination of PHGDH.
A previous study reported that PHGDH
protein levels are positively regulated by
the deubiquinating enzyme JOSD2, sug-
gesting that differential activity of this
enzyme may account for different levels
of PHGDH protein in lung adenocarci-
noma (14). The present work (13) reveals
the opposing regulation — ubiquitination
— expanding the known toolkit by which
cells can regulate the SSP and by which
cancer cells can disrupt it. It will be inter-
esting for future studies to determine the
extent to which cancers actually use this
mechanism to upregulate the SSP. More-
over, given recent literature showing
upregulation of the SSP upon acquired
resistance to different cancer therapies, it
would be interesting to determine whether
higher PHGDH ever results from adap-
tive changes in JOSD2 or Parkin activity in
these contexts (15-17).

Second, Liu et al. (13) identify a hither-
to unknown oncogenic property of Parkin,

a tumor-suppressor gene whose down-
stream mediators of oncogenesis are not
well understood (13). Reprogramming of
serine metabolism now joins other pro-
cesses whose disruption by Parkin may be
tumorigenic, such as cell cycle regulation,
apoptosis, and mitophagy (18, 19). Inacti-
vating mutations in Parkin are recurrent in
a variety of human tumors, and inactiva-
tion of Parkin promotes tumor formation
in genetically engineered mouse mod-
els (GEMMs) (20-22). While the authors
focused here on human cancer cell line
models, it will be interesting for future
studies to determine the role that mod-
ulating serine synthesis has in the tumor
properties of patient-derived xenografts
(PDXs) with naturally arising Parkin muta-
tions —and in GEMMs.

Third, in finding that cancer cell lines
with Parkin knockout show increased sen-
sitivity to PHGDH inhibition in vivo, Liu
et al. (13) provide evidence that metabolic
rewiring by Parkin downregulation forces
a targetable dependence on the SSP. By
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extension, dependence on the SSP sug-
gests that Parkin mutation status could
provide a biomarker for tumors to be
targeted in any eventual clinical trials of
inhibitors of the SSP. As above with tumor-
igenicity, however, it would be important
to first determine whether PHGDH inhib-
itors show activity against PDX models of
human tumors with naturally occurring
Parkin mutations. In addition, recent evi-
dence shows that proliferation of cells
with an upregulated SSP are constrained
by availability of the electron acceptor
NAD", conferring a heightened sensitivity
to small molecule inhibitors of the NAD*
salvage pathway enzyme NAMPT (23, 24).
It could therefore be of interest to deter-
mine whether tumors with Parkin mutation
are likewise sensitive to these inhibitors.

Finally, as Parkin mutations are caus-
atively implicated in cases of autosomal
recessive juvenile Parkinson disease (PD),
the authors note that it is possible that
deregulation of the SSP might have a role
in PD pathophysiology (25).
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Clinical implications

In describing a metabolic vulnerability to
inhibition of PHGDH in human cancer
cells with Parkin inactivation, Liu et al.
identify a potential biomarker that could
be used in future clinical trials of therapies
that target the SSP in cancer patients.
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