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The glutaminase activity of ASNS fuels glutamine 
metabolism in leukemia

Asparagine synthetase (ASNS) converts aspartate to aspar-
agine and deamidates glutamine to glutamate. ASNS is highly 
responsive to cellular stress, including amino acid limitations 
and endoplasmic reticulum stress, and is frequently upreg-
ulated in cancers, in which it enables cells to synthesize 
asparagine de novo, reducing their dependence on extra-
cellular asparagine.1 Of clinical relevance, ASNS expression 
in acute lymphoblastic leukemia cells has been correlated 
with resistance to L-asparaginase (ASNase) treatment.2

Glutamine, the most abundant amino acid in human blood, 
is a crucial source of carbon and nitrogen for various bio-
synthetic processes, including nucleotide synthesis, ATP 
production, amino acid formation, and maintaining redox 
balance.3 Cancer cells, with their high energy and biosyn-
thetic needs, often become reliant on glutamine, using it 
as a key fuel for the tricarboxylic acid (TCA) cycle through 
glutaminase (GLS/GLS2).3 Recent research has shown that 
glutamine is crucial for the metabolism of acute myeloid 
leukemia cells, making glutamine metabolism a potential 
target for treatment of this type of leukemia.4

Research on ASNS has primarily focused on its role in as-
paragine synthesis, likely influenced by its nomenclature, 
while its effects on glutamine deamidation and metabo-
lism remain unclear. This study demonstrates that ASNS 
functions as a glutaminase, enhancing glutamine metab-
olism and contributing to leukemia cell resistance against 
glutaminase inhibitors.
The metabolic pathways involving asparagine, aspartate, 
glutamine, and glutamate are intricately interconnected, 
with each serving as precursors for the others and playing 
significant roles in nitrogen, energy, and redox metabolism.5,6 

Due to limited permeability of aspartate and glutamate 
into cells,7,8 we hypothesized that glutamine is the primary 
carbon source for ASNS-mediated intracellular asparagine 
synthesis. We first used isotopic tracers 13C4-asparagine, 
13C4-aspartate, 13C5-glutamine, or 13C5-glutamate to evaluate 
uptake in ASNS-negative RS4;11 and ASNS-positive NALM-6 
leukemia cells.9 We found that while aspartate and gluta-
mate exhibited very limited cellular uptake, nearly 100% 
of the intracellular asparagine and glutamine pools were 
labeled with 13C (Figure 1A, B). 
Despite extensive uptake of 13C4-asparagine and 13C5-gluta-
mine by leukemia cells, the tracing experiments revealed 
minimal incorporation into glycolytic intermediates, except 
for glucose-6-phosphate, in both RS4;11 and NALM-6 cells 
(Online Supplementary Figure S1). Furthermore, we observed 
minimal incorporation of 13C4-asparagine into TCA cycle in-
termediates in both cell lines (Online Supplementary Figure 
S2). In contrast, incorporation of 13C from 13C5-glutamine 

was most significant in TCA cycle intermediates with 13C 
enrichment ranging from 50% to 95% (Figure 1C, D). In ad-
dition, we observed notable 13C enrichment derived from 
13C5-glutamine in both glutamate and aspartate, with 13C 
enrichment ranging from 80% to 90% (Figure 1E). These 
findings suggest that glutamine serves as a major carbon 
source for the TCA cycle and synthesis of intracellular as-
partate and glutamate, distinguishing it from asparagine, 
glutamate, and aspartate.
Since cells can use glutamine as both a carbon source for 
intracellular aspartate synthesis (Figure 1E) and a nitrogen 
source for asparagine synthesis, we hypothesized that ASNS 
could produce asparagine using only glutamine. When 13C5-glu-
tamine was provided in medium lacking asparagine, aspartate, 
and glutamine, ASNS-positive NALM-6 cells showed over 80% 
13C-enrichment in asparagine, while ASNS-negative RS4;11 
cells exhibited no enrichment (Figure 2A). This confirms that 
cells can synthesize asparagine through ASNS and glutamine 
alone, without the requirement of extracellular aspartate.
To explore the broader effects of ASNS on metabolism, we 
stably transfected an ASNS-expression vector into RS4;11 
cells to generate RS4;11_ASNS. A luciferase expression vector 
was used to generate a negative control, RS4;11_LUC. West-
ern blot analysis confirmed successful transfection of the 
ASNS-expression vector (Figure 2B). ASNS overexpression 
made RS4;11_ASNS cells resistant to the glutaminase-de-
ficient ASNaseQ59L, an ASNase variant that is ineffective 
against ASNS-positive cancer cells,10 and decreased sensi-
tivity to ASNaseWT (Online Supplementary Figure S3A). It also 
increased 15N incorporation into extracellular and intracel-
lular asparagine from 15N1-glutamine (Online Supplementary 
Figure S3B), while no labeling occurred in RS4;11_LUC cells 
(Online Supplementary Figure S3B). These findings confirm 
the functionality of transfected ASNS.
We next tested whether ASNS mediates asparagine syn-
thesis from glutamine and glutamine-derived aspartate. 
13C5-glutamine tracing showed higher 13C enrichment in 
asparagine, aspartate, and glutamate in RS4;11_ASNS cells 
than in RS4;11_LUC cells, suggesting that ASNS enhances 
glutamine conversion into these amino acids (Figure 2C).
Glutamine metabolism drives the TCA cycle and nucleotide 
synthesis in many cell types. We observed that ASNS also 
increased 13C incorporation into TCA cycle intermediates 
by 10% to 30% (Figure 2D) and pyrimidine nucleotides by 
about 30% (Figure 2E), with undetectable effects on purine 
nucleotides (Figure 2E). Additionally, knockdown of GOT1, a 
key enzyme mediating aspartate synthesis from glutamine 
via the TCA cycle, decreased the conversion of glutamine to 
aspartate by 30% (Online Supplementary Figure S3C). These 
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results indicate that ASNS promotes glutamate-driven TCA 
cycling, aspartate production, and pyrimidine synthesis.
To validate these results, we used short hairpin (sh) RNA to 
stably knock down ASNS in ASNS-positive NALM-6 cells to 
generate ASNS-KD NALM-6_shRNA3 and NALM-6_shRNA4 
cell lines. A scramble shRNA served as a negative control 
(NALM-6_shCtrl) (Figure 2F). ASNS-KD increased sensitivity 
to ASNaseWT and made previously resistant cells sensitive 
to ASNaseQ59L (Online Supplementary Figure S3D). It also 
decreased 13C5-glutamine incorporation into aspartate by 
20%, glutamate by 10% (Online Supplementary Figure S3E), 
TCA cycle metabolites by >10% (Figure 2G) and pyrimidine 
nucleotides by 20% to 30% (Figure 2H) but had no effect 
on purine nucleotides (Online Supplementary Figure S3F). 
These findings confirm that ASNS promotes glutamine 

metabolism and nucleotide synthesis.
Glutamine conversion to glutamate is crucial for cancer cell 
biosynthesis. To test whether ASNS acts as a glutaminase, 
we treated RS4;11_ASNS, RS4;11_LUC, and NALM-6 cells 
with CB-839, an inhibitor of glutaminase (GLS), and traced 
13C5-glutamine incorporation into TCA cycle and nucleotide 
metabolites. CB-839 treatment significantly decreased 13C 
enrichment in TCA metabolites (Figure 3A) and pyrimidine 
nucleotides (Figure 3B) in RS4;11_LUC and NALM-6 cells. 
However, RS4;11_ASNS cells exhibited resistance to the in-
hibitory effects of CB-839 on 13C5-glutamine incorporation 
into those metabolites (Figure 3A, B). These observations 
indicate that ASNS mediates resistance to the glutaminase 
inhibitor CB-839.
To explore how ASNS impacts on other glutamine-derived 

Figure 1. Intracellular aspartate and glutamate originate primarily from glutamine. (A) RS4;11 and (B) NALM-6 cells efficiently trans-
port asparagine and glutamine from the extracellular compartment to the intracellular compartment, but not aspartate and gluta-
mate. Indicated 13C tracers were added to RPMI-1640 cell culture medium lacking the corresponding 12C metabolite. (C) RS4;11 and 
(D) NALM-6 cells efficiently convert 13C5-glutamine to tricarboxylic acid cycle intermediates. (E) RS4;11 and NALM-6 cells efficient-
ly convert 13C5-glutamine to stable isotope-labeled aspartate and glutamate. All isotope tracing experiments were conducted with 
a 24-hour labeling period. Each experiment was performed twice, with a representative result shown. Asn: asparagine; Asp: aspar-
tate; Gln: glutamine; Glu: glutamate; TCA: tricarboxylic acid cycle; α-KG: alpha-ketoglutarate.
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metabolites linked to cancer, we examined 2-hydroxy-
glutarate and proline, which contribute to altered cancer 
metabolism and metastasis.11,12 After administering 13C5-glu-
tamine to RS4;11_LUC, RS4;11_ASNS, and NALM-6 cells, 
the ASNS-positive cells exhibited greater 13C enrichment 
of 2-hydroxyglutarate and proline (Figure 3C). CB-839 

treatment decreased 13C-enriched glutamate, aspartate, 
2-hydroxyglutarate, and proline, but ASNS overexpression 
partially rescued those effects (Figure 3D). These results 
suggest that ASNS may play a key role in positively mod-
ulating cancer metabolism and progression. 
ASNS is well-known for its role in asparagine synthesis 

Continued on following page.
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and resistance to ASNase therapy in leukemia.13 In this 
study, we highlight its underappreciated glutaminase ac-
tivity in the context of cancer metabolism. We show that 

this activity supports key metabolic processes, including 
reductive carboxylation, TCA cycling, nucleotide and amino 
acid synthesis, and oncometabolite production (Figure 3E), 

Figure 2. Asparagine synthetase enhances glutamine metabolism. (A) NALM-6 but not RS4;11 cells efficiently convert 13C5-glutamine 
to stable isotope-labeled asparagine. (B) Western blot analysis of asparagine synthetase (ASNS) levels in RS4;11 cells stably trans-
fected with an ASNS expression plasmid (RS4;11_ASNS) or a luciferase expression plasmid (RS4;11_LUC). ASNS-expressing NALM-6 
cells served as a positive control and RS4;11_LUC was a negative control. β-actin protein levels were used as a loading control. (C) 
RS4;11 cells expressing ASNS (RS4;11_ASNS), but not the control cells expressing luciferase (RS4;11_LUC), efficiently converted 
13C5-glutamine to stable isotope-labeled asparagine, aspartate, and glutamate. (D, E) RS4;11 cells expressing ASNS (RS4;11_ASNS), but 
not the control cells expressing luciferase (RS4;11_LUC), efficiently converted 13C5-glutamine to tricarboxylic acid (TCA) cycle inter-
mediates (D) and pyrimidines (E). (F) Western blot analysis of ASNS levels in NALM-6 cells stably transfected with ASNS shRNA ex-
pression plasmids (NALM-6_shASNS.3 and NALM-6_shASNS.4) or a scramble shRNA expression plasmid (NALM-6_shCtrl) as a neg-
ative control. β-actin protein levels were used as a loading control. (G, H) Depletion of ASNS decreased conversion efficiency from 
13C5-glutamine to TCA cycle intermediates and pyrimidines in NALM-6 cells depleted of ASNS, as described in (F). All tracer experiments 
were conducted with a 24-hour labeling period. Each experiment was performed twice, with a representative result shown Gln: glu-
tamine; Asn: asparagine; α-KG: alpha-ketoglutarate; CMP: cytidine monophosphate; CDP: cytidine diphosphate; CTP: cytidine triphos-
phate; UMP: uridine monophosphate; UDP: uridine diphosphate; UTP: uridine triphosphate.

F

H

G



Haematologica | 111 February 2026

683

LETTER TO THE EDITOR

thereby enhancing leukemia cell glutamine metabolism. 
Notably, ASNS also contributes to resistance against the 
glutaminase inhibitor CB-839, potentially acting as a by-
pass mechanism to sustain glutamine-dependent meta-
bolic flux under therapeutic pressure. These findings help 
to explain its frequent upregulation in cancers and point 
to its broader role in tumor growth, metabolic adaptation, 
drug resistance, and metastasis.1

ASNase is ineffective against ASNS-positive leukemia cells.10 

Our data show that leukemia cells can use glutamine car-
bon to produce aspartate for asparagine synthesis, with 
ASNS enhancing this process through the TCA cycle. This 
explains why depleting extracellular asparagine alone fails 
to eliminate ASNS-positive cells – resistance is mediated 
by ASNS and glutamine. These findings underscore the 
potential of therapeutic strategies that co-target ASNS, 
asparagine (e.g. with ASNase), and/or glutamine.
Our findings also tie into the well-known preference of 

Continued on following page.
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Figure 3. Asparagine synthetase counteracts the effects of the glutaminase inhibitor CB-839 on glutamine metabolism. (A, B) Expres-
sion of asparagine synthetase (ASNS) partially rescues the conversion of 13C5-glutamine to tricarboxylic acid cycle intermediates (A) 
and pyrimidines (B) in RS4;11 cells, an effect inhibited by CB-839 treatment. (C) Restoring expression of ASNS in RS4;11 cells increases 
the conversion of 13C5-glutamine to 2-hydroxyglutarate and proline, while ASNS knockdown in NALM-6 cells decreases this conversion. 
(D) Conversion of 13C5-glutamine to 2-hydroxyglutarate, proline, aspartate and glutamate in RS4;11 cells and NALM-6 cells is inhibited 
by CB-839 and partially rescued by ASNS expression. (E) Working model of the biochemical network modulated by ASNS as described 
in the Discussion section. Cells (described in Figure 2) were treated with 10 µM CB-839 or dimethylsulfoxide (vehicle control). All trac-
er experiments were conducted with a 24-hour labeling period. Each experiment was performed twice, with a representative result 
shown. Data in (A), (B), and (D) are presented as mean ± standard deviation (N=3). Gln: glutamine; α-KG: alpha-ketoglutarate; CMP: 
cytidine monophosphate; CDP: cytidine diphosphate; CTP: cytidine triphosphate; UMP: uridine monophosphate; UDP: uridine diphos-
phate; UTP: uridine triphosphate; 2-HG: 2-hydroxyglutarate; Asp: aspartate; Glu: glutamate; GLUD: glutamate dehydrogenase.
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cancer cells to import extracellular glutamine. Potential 
explanations for this phenomenon include: (i) glutamine 
levels in plasma are considerably higher than those of glu-
tamate; (ii) glutamine demonstrates much greater solubility 
than glutamate; (iii) glutamate transport is more energy-de-
manding than glutamine transport;14 and (iv) glutamate is a 
crucial neurotransmitter, so maintaining stable blood levels 
is essential for optimal central nervous system function.15 
ASNS is, therefore, well-positioned to take advantage of 
the cancer cell’s preference for glutamine.
The glutaminase activity of ASNS differs from that of GLS 
and GLS2, which produce ammonia that can easily accu-
mulate to toxic levels. As a cytoplasmic enzyme, ASNS 
provides asparagine and glutamate for protein synthesis 
without generating ammonia. Additionally, asparagine sup-
ports the import of other amino acids, promoting cellular 
growth and metabolism (Figure 3E).
Given that many cancers depend on glutamine metabolism, 
targeting GLS has been a promising therapeutic strategy. 
However, the recently discontinued clinical development 
of the GLS inhibitor CB-839 underscores the complexity 
of targeting glutamine metabolism in cancer.16 Our findings 
suggest that ASNS presents an additional target that could 
potentially increase the efficacy of GLS inhibition alone. 
Overall, targeting ASNS alone or in combination with other 
metabolic inhibitors offers a promising approach for the 
development of new therapeutic strategies for the treatment 
of blood cancers and, potentially, other types of cancer.
Although our study establishes a mechanism by which ASNS 
regulates glutamine metabolism through its glutaminase 
activity, this may represent only one aspect of a broad-
er and more complex regulatory network. Other amido-
transferases that use glutamine as a nitrogen donor likely 
contribute to glutamine metabolism as well. Several such 
enzymes participate in nucleotide biosynthesis, including 
PPAT, PFAS, CAD, and CTPS1/CTPS2, while others such as 
GFPT1/2 and NADSYN1 are involved in amino sugar and NAD⁺ 
biosynthesis, respectively. Given their glutamine-deami-
nating functions, it would be valuable in future studies to 
examine whether these enzymes influence glutamine flux 
and whether their activity as a glutaminase contributes to 
metabolic reprogramming in cancer cells.
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