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Targeting glutaminase to starve lymphoma cells
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The discovery of Bruton tyrosine kinase (BTK) inhibitors
such as ibrutinib has had a significant impact on the
outcome of patients with mantle cell lymphoma. How-
ever, most of these patients will relapse under BTK in-
hibitor therapy, with a poor prognosis since overall
survival after failure of BTK inhibitor therapy is less than
12 months.' In their article, published in this issue of
Haematologica, Li et al. provide promising preclinical
evidence suggesting that tumor cell glutaminase (GLS)
could constitute a potential therapeutic target in this
difficult-to-treat population of patients.?

Glutamine addiction has been reported in various sub-
types of hematologic malignancies, including acute lym-
phoblastic leukemia and NK-cell lymphoma, allowing
neoplastic cells to thrive in glucose-low or hypoxic en-
vironments. Le et al. showed that Myc induction en-
hanced glucose consumption and lactate production in
a model non-Hodgkin lymphoma line and that glutamine
contributed significantly to citrate carbons under hy-
poxic conditions.® This work demonstrated the existence
of an alternative energy-generating glutaminolysis path-
way involving a glucose-independent tricarboxylic acid
cycle. Glutamine metabolism thus appears to be essen-
tial for cell survival and proliferation under conditions
of hypoxia and glucose deprivation. Gao et al. reported
that c-Myc induces increased expression of mitochon-
drial GLS, upregulating glutamine conversion to gluta-
mate, which is further catabolized in the tricarboxylic
acid cycle to generate ATP.* Using cell lines containing
GLS variants as well as in vivo modulation of murine and
human GLS, Xiang et al. showed that targeted inhibition
of tumor-specific GLS reduced tumorigenesis in a
human non-Hodgkin lymphoma xenograft model.® There
does, therefore, seem to be a well-established correla-
tion between Myc, tumor cell GLS and the use of gluta-
mine as a key ATP-generating energy substrate in
lymphomas.

Targeting glutamine addiction in cancer has been ex-
plored in various preclinical settings and more recently
in early phase clinical trials using teglenastat. Targeting
mitochondrial GLS has been shown to inhibit oncogenic
transformation in preclinical models of fibroblasts and
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breast cancer.® Matre et al. reported that inhibition of
GLS by various inhibitors blocked the growth of acute
myeloid leukemia cell lines as well as a subset of pri-
mary acute myeloid leukemia samples.’ Interestingly, the
antitumor effect of recombinant L-asparaginase, which
is widely used to treat various lymphoid malignancies,
is believed to rely at least in part on its GLS activity
which results in extracellular glutamine depletion.®
Telaglenastat (CB-839) has been evaluated in early
phase clinical trials, mainly in combination regimens in
patients with solid tumors. In a combination study with
cabozantinib or everolimus, telaglenastat displayed
promising activity in patients with advanced or meta-
static renal cell carcinoma, with mostly grade 1 to 2
treatment-related adverse events.® A single-agent phase
| study has been conducted in patients with hemato-
logic malignancies (NCT02071888) but the results have
not yet been reported.

Targeting GLS appears to be particularly relevant in the
context of ibrutinib resistance. Lee et al. analyzed the
impact of ibrutinib in various mantle cell lymphoma
lines and found that inhibition of BTK had a profound
effect on several metabolic pathways, including glutami-
nolysis.”® Importantly, glutaminolysis was found to con-
tribute to over 50% of mitochondrial ATP production. By
showing that GLS expression and glutamine addiction
are enhanced in ibrutinib-resistant mantle cell lym-
phoma models, Li et al. provide compelling evidence
suggesting that targeted inhibition of GLS could benefit
patients with mantle cell lymphoma whose disease has
progressed under BTK inhibitor therapy.

More generally these results support the tantalizing
possibility that tumor-associated metabolic specificities
may represent an Achilles heel allowing the selective
destruction of neoplastic cells. Exploiting these char-
acteristics, either using single agent therapies or in the
context of synthetic lethality approaches, has proven to
be challenging. To date attempts to target the Warburg
effect, i.e. preferential cytosolic fermentation of glucose
to lactic acid rather than mitochondrial oxidative fer-
mentation even in the presence of abundant oxygen, has
not led to major breakthroughs in cancer therapy. These
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attempts highlight the difficulty of inducing systemic al- hibitors, rather than after failure of such therapies, will
terations in key metabolic processes to specifically tar- reduce or defer the emergence of resistant phenotypes.

get tumors while preserving healthy tissues. For this

reason it is possible that the use of metabolic inhibitors, Disclosures
such as telaglenastat, in combination with BTK in- CD has received research funding from Roche.

References

1.Jain P, Kanagal-Shamanna R, Zhang S, et al. Long-term
outcomes and mutation profiling of patients with mantle cell
lymphoma (MCL) who discontinued ibrutinib. Br J Haematol.
2018;183(4):578-587.

2.Li L, Nie L, Jordan A, et al. Targeting glutaminase is
therapeutically effective in ibrutinib-resistant mantle cell
lymphoma. Haematologica. 2023;108(6):1616-1627.

3.Le A, Lane AN, Hamaker M, et al. Glucose-independent
glutamine metabolism via TCA cycling for proliferation and
survival in B cells. Cell Metab. 2012;15(1):110-121.

4.Gao P, Tchernyshyov I, Chang TC, et al. c-Myc suppression of
miR-23a/b enhances mitochondrial glutaminase expression and
glutamine metabolism. Nature. 2009;458(7239):762-765.

5.Xiang Y, Stine ZE, Xia J, et al. Targeted inhibition of tumor-
specific glutaminase diminishes cell-autonomous
tumorigenesis. J Clin Invest. 2015;125(6):2293-2306.

10.

.Wang JB, Erickson JW, Fuji R, et al. Targeting mitochondrial

glutaminase activity inhibits oncogenic transformation. Cancer
Cell. 2010;18(3):207-219.

.Matre P, Velez J, Jacamo R, et al. Inhibiting glutaminase in acute

myeloid leukemia: metabolic dependency of selected AML
subtypes. Oncotarget. 2016;7(48):79722-79735.

.Sugimoto K, Suzuki HI, Fujimura T, et al. A clinically attainable

dose of L-asparaginase targets glutamine addiction in lymphoid
cell lines. Cancer Sci. 2015;106(11):1534-1543.

.Meric-Bernstam F, Tannir NM, Iliopoulos O, et al. Telaglenastat

plus cabozantinib or everolimus for advanced or metastatic
renal cell carcinoma: an open-label phase | trial. Clin Cancer
Res. 2022;28(8):1540-1548.

Lee SC, Shestov AA, Guo L, et al. Metabolic detection of
Bruton's tyrosine kinase inhibition in mantle cell lymphoma
cells. Mol Cancer Res. 2019;17(6):1365-1377.

Haematologica | 108 June 2023

1469



