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A new role for IDH1 in the control of ovarian cancer cells

metabolism and senescence
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Opvarian cancer (OC) has been called “the silent killer”
with the 5-year survival rate reaching less than 40% that
renders it the eight most common cause of cancer death in
women and the second most deadly gynecologic cancer (1).
Histologically OC can be divided in epithelial, germ cell
and stromal subtypes. Among these, epithelial cancers
are the most common and the most lethal (2). Epithelial
OC includes serous (approximately 75% of all EOCs),
endometrioid, clear cell and mucinous carcinomas. Among
these subtypes, high-grade serous carcinoma (HGSOC) is
the most prevalent histologic subtype of OC and, initially,
extremely sensitive to chemotherapy (2,3). However,
HGSOC:s frequently relapse and become increasingly
resistant to chemotherapy that results in treatment failure
and patients’ death likely due to the selection of platinum
resistant clones (4). Consequently, understanding the
mechanisms underlying OC evolution and the onset
of platinum resistance is an urgent unmet need in the
management of OC patients that could help in establishing
new targeted treatments or cutting-edge therapeutic
approaches. In this context unveiling new hub signaling
pathways necessary for EOC cells survival and spreading
is a worth and recommended research effort that might
unveil new therapeutic targets or envisage the repurposing
of drugs originally used to treat different pathological
conditions (5,6).

We have read with interest the recent report of Dahl
and colleagues describing a previously undisclosed role
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for the isocitrate dehydrogenase 1 (IDH1) protein in OC.
The authors propose that in HGSOC cells might represent
a new therapeutic target to affect both metabolism and
epigenetic regulation of HGSOC cells eventually leading
to cancer cells senescence (7). Isocitrate dehydrogenases
(IDHs) are crucial enzymes that coordinate different cellular
processes, such as metabolism, epigenetic modifications,
oxidative stress regulation and DNA repair (8), catalyzing
the oxidative decarboxylation of isocitrate and producing
a-ketoglutarate (aKG) (9). In humans, IDH family
comprises three members: IDH1, IDH2, and IDH3. IDH3
is a NAD"-dependent enzyme that generates irreversibly
oKG and NADH within the tricarboxylic acid (TCA)
cycle. Conversely, IDH1 and IDH2 are homodimeric
enzymes with a high degree of similarity, structurally and
functionally distinct from the heterotrimeric IDH3. They
are NADP*-dependent proteins that reversibly catalyze,
in a redox reaction, the conversion of isocitrate to aKG
(8,9). In the reverse reductive carboxylation reaction,
citrate and acetyl-CoA are produced from isocitrate by
reducing aKG. This activity is critical for the tumor
cells, where anabolic process is maximized, to preserving
lipids and cholesterol biosynthesis to sustain tumor cell
proliferation (10). In addition, aKG promotes the activity
of several aKG-dependent dioxygenases, like the Jumonji-
domain containing histone-lysine demethylases (JHDMs)
supporting a role of IDH1/2 in the regulation of epigenetic
modifications, such as histone demethylation (11). It is
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well known that specific missense mutations in IDH1 and
IDH2 have been identified in several tumor types, including
grade II/IIT gliomas and secondary glioblastomas (GBM),
chondrosarcomas, acute myeloid leukemias (AML), and
less frequently in other types of cancers, like prostate
cancers and melanomas (9). These mutations are usually
somatic point mutations that bundle at the active site of
the proteins driving to the alteration of crucial arginine
residues (in IDH1, mutations mostly appear at R132, while
for IDH2 at residues R172 and R140) critical for isocitrate
binding and conferring to IDH1 and IDH2 a neomorphic
activity able to convert oKG to the onco-metabolite D-2-
hydroxyglutarate (D-2HG) (8,9). The main consequence is
an abnormal cellular accumulation of the onco-metabolite
mostly resulting in the inhibition of aKG-dependent
dioxygenases that regulate epigenetic modifications, with
a critical impact on gene expression profile and cancer cell
proliferation (8,9). Moreover, the presence of IDH1/2
alterations impinge other different cellular pathways
including metabolism, DNA damage repair and response to
oxidative stress (8,9).

While oncogenic mutations in IDH1/2 genes have
been extensively characterized in cancers, the implications
of alterations in the expression of these enzymes and
their possible therapeutic applications need more deeply
investigations. IDH1, for example, is overexpressed in non-
small cell lung carcinoma (NSCLC) and in adenocarcinoma
and squamous cell carcinomas where it correlated with poor
Overall Survival (OS), in approximately 65% of primary
GBM and in several hematological malignancies (9).

In this scenario, Dahl and colleagues highlighted the
role of wild-type IDH1 overexpression in the regulation
of metabolism and epigenetic modification in the context
of OC. Starting from the study of the differences in the
metabolic processes between normal fallopian tube and OC
cells, the researchers observed a significant and consistent
up regulation in the T'CA cycle (tricarboxylic acid cycle,
also know as Krebs cycle) in OC cells. Then the analysis
of the expression of 27 enzymes implicated in TCA cycle
regulation showed that IDH1 was the most significantly
overexpressed in OC cells (both in adherent and in
spheroids conditions). Looking at the expression of IDH1
in HGSOC patients’ samples, the authors also showed
that IDH1 mRNA overexpression correlated with worse
progression-free survival. Moreover, they demonstrated
that OC cells privileged to use glucose for the oxidative
decarboxylation reaction while the normal cells favored
converting glucose to lactate, using aerobic glycolysis, to
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produce energy. These observations suggest that targeting
glycolysis activity could be ineffective in treating OC cells,
or rather, this approach can be harmful to the survival of
normal cells. To go in deeper detail, the researchers found
that the silencing or the pharmacological inactivation of
IDHI in HGSOC cells reduced BrdU incorporation, colony
formation and expression of cell cycle progression markers,
supporting the involvement of IDHI in promoting cancer
cell proliferation. Interestingly, the suppression of IDH1 in
HGSOC cells induced senescence rather than cell death, as
indicated by increased SA-a-Gal activity, decreased lamin
B1 expression and increased PML bodies. Senescence is a
cellular state of stable growth arrest induced by a wide range
of intrinsic and extrinsic insults, like oncogenic activation,
oxidative and genotoxic stress, shortened telomeres and
chemotherapy (6). In this context, epigenetic modifications
(i.e., histone methylations) modify the expression of genes
involved in cell cycle progression and in the senescence-
associated secretory phenotype (SASP) affecting, in turn,
both the induction and suppression of senescence. For
instance, one hallmark of the senescent cells is the increased
expression of repressive histone marks, like the di- and
tri-methylation marks of H3K9 at E2F target genes (12).
As mentioned above, aKG is a required co-substrate for
JHDM s histone demethylase, which remove the mono-, di-,
and tri- methyl groups from the lysine residues of multiple
histones, regulating chromatin state and, in turn, affecting
different cellular processes (13). Several studies have shown
a role for JmjC demethylases in altering the epigenome of
senescent cells and, accordingly, Dahl and colleagues found
an increased H3K9me2 occupancy at well-established E2F
target genes as a consequence of aKG depletion upon
IDH1 knock-down in OC cells. These results suggest that
the impairment of IDHI induce senescence by enhancing
histone methylation at E2F target genes and repressing
their expression. Interestingly, the authors found that SASP
gene expression was not affected after IDHI silencing.
In the context of cancer research this is a very relevant
observation since it is known that SASP can have both
tumor suppressive and oncogenic activities (14). The data
emerging from the Dahl group’s work support the idea that
targeting IDH1 may promote a sustained block of cell cycle
progression without the harmful side effects of the SASP,
suggesting that, in the context of OC, senescence induction
may overall be tumor suppressing (Figure I).

Overall we believe that the interesting work by Dahl and
collaborators introduced the new concept that IDH1 wild
type protein could act as a “druggable” oncogene in OC.
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Figure 1 Schematic representation depicting the possible roles of IDHI overexpression in Ovarian Cancer. IDHI converts isocitrate to
aKG and CO,, with concomitant production of NADPH from NADP+. In ovarian cancer cells (left panel), wild-type IDH1 up regulation
increased T'CA cycle metabolism and determines the increased amount of aKG and NADPH production which in turn provide high
levels of reducing equivalents to sustain lipid biosynthesis and redox homeostasis and activate the aKG-dependent dioxygenases, histone
demethylases. JHDM enzymes decrease histone H3K9 methylation on E2F target genes resulting in the activation of transcription of gene
involved in cancer cell proliferation and tumor progression. IDHI knockdown or its pharmacological inactivation (right panel) increased
the repressive histone H3K9 methylation at multiple E2F target gene loci leading to ovarian cancer cell senescence. These data suggest that
impairment of IDHI may act as a new therapeutic target to affect both the metabolism and epigenetics of ovarian cancer cells and provide
the rationale for the preclinical assessment of specific wild-type IDHI inhibitors as anti-cancer agents (alone or in combination with other
agents). Critical open questions in this pathway are marked with a question mark and include: the understanding of the mechanisms driving
the overexpression of IDHI1 in ovarian cancer cells; whether this upregulation also affects the ovarian cancer spreading and metastasis
formation; if IDHI inhibition cooperates with treatments currently available for ovarian cancer patients; if IDH1 W'T inhibitors could be

generated and used 7 vivo and why IDH1 inhibition does not lead to SASP production.

"This concept might prompt in the future the development
of new specific molecules that better inhibits the wild type
protein than the mutated one, as is for the available IDH1/2
inhibitors.

Alternatively, it would be interesting to verify if the
inhibitors of H3K9 methyl-transferase (i.e., G9a and GLP)
could be used to alter H3K9 methylation in the context
of high IDHI1 expression. Indeed several reports suggest
that G9a might act as oncogene promoting metastasis
and driving resistance to therapies in OC (15-17). At this
regard, it is interesting to note that a specific G9a/GLP
inhibitor can be safely used in preclinical models suggesting
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that this strategy could have future clinical applications also
in cancer research (18).

Several stimulating questions that still require
appropriate answers are also raised by the work of Dahl
and colleagues (Figure 1). First it would be interesting
to understand which are the OC types expressing high
levels of IDH1 and if they belong to a specific subtype
among the ones identified by gene expression profile
studies (19,20). Also, it would be important to define if
IDHI1 overexpression is linked to gene amplification or
to altered transcription. On a functional point of view it
would be important to clarify why senescence associated to
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IDH1 knock-down in OC cell is not accompanied by the
acquisition of a SASP phenotype. Also, it is unclear if IDH1
is associated to peritoneal dissemination and to the ability
of OC cells to grow as spheroids in vivo. Finally, it would
be important to clarify if IDH1 over expression has any
role in the response to therapies currently used to treat OC
patients including chemotherapy (e.g., platinum compounds
and taxanes) and targeted therapies like PARP inhibitors
and anti-angiogenic compounds. For instance, it is known
that aKG alone is sufficient to suppress hypoxia-induced
HIF1a expression, which could eventually result in altered
tumor neoangiogenesis. Whether IDH1 expression could
interfere with the activity of anti-angiogenic therapies in
OC is still to be investigated.

Despite these still unanswered questions the work by
Dahl et al. has the merit to open a new field of investigation
in OC that might, in the future, provide new opportunities
for a better classification of the disease and/or new
therapeutic opportunities.

Of course many other genes are currently investigating
as potential therapeutic targets in HGSOC that might merit
being comment in more depth. However, this topic goes
behind the scope of the present commentary and we hope
that in the future the argument will be more extensively
covered in a dedicated work.
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