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Abstract
Background: Glioblastoma (GBM) is an aggressive brain tumor characterized by high metabolic plasticity
and resistance to standard therapies. Targeting metabolic vulnerabilities has emerged as a promising
therapeutic strategy. 4-Methylumbelliferone (4MU), a known inhibitor of hyaluronan synthesis, has
demonstrated antitumor effects beyond its canonical mechanism; however, its impact on tumor
metabolism and associated pathways in GBM remains poorly understood.

Methods: Human glioblastoma cell lines (U251 and LN229) were treated with 4MU (1000 µM) or vehicle.
Metabolic alterations were assessed using untargeted ¹H-NMR-based metabolomics, followed by
metabolite set quantitative enrichment analysis (QEA). Oxidative stress was evaluated using a
dihydrorhodamine (DHR) assay. N-glycosylation patterns were analyzed by lectin-binding assays and
flow cytometry. Glycolytic activity was determined using a Seahorse Glycolysis Stress Test. Statistical
analyses included Student’s t-test, one-way ANOVA, and multiple comparison tests, considering p < 0.05
as significant.

Results: 4MU rapidly induced oxidative stress in both glioblastoma cell lines, detectable as early as 1.5
hours. This early redox imbalance preceded broader metabolic alterations observed at 24 hours,
including significant depletion of NAD⁺ levels and an increase in NADP⁺. Metabolomic and enrichment
analyses revealed disruption of central metabolic pathways, particularly those related to nucleotide
sugars and glycosylation. Consistently, lectin-binding assays confirmed altered N-glycosylation patterns
in both cell lines. Additionally, 4MU treatment increased glycolytic activity in U251 cells, suggesting a
compensatory response to redox and bioenergetic stress.

Conclusions: These findings support a model in which 4MU induces an early oxidative stress-driven
metabolic vulnerability in glioblastoma cells, leading to NAD⁺ depletion, metabolic rewiring, and impaired
glycosylation. This integrated response may contribute to the cytostatic effects previously described for
4MU and highlights metabolic pathways that could be therapeutically exploited. Our results provide new
mechanistic insights into the antitumor activity of 4MU and support its potential repositioning as a
strategy targeting metabolic vulnerabilities in GBM.

BACKGROUND
Glioblastoma (GBM) is the most malignant primary brain tumor. Although recent advances in cancer
therapy improved the outcome of several tumors, for the past two decades there were no significant
changes in GBM(1,2). Under the current protocol of treatment, based on surgical resection, radio, and
chemotherapy, patients with GBM have a median survival time of 14.5 months(3). The first-line drug
used on these patients is temozolomide, which has several adverse effects. Not only that, but also nearly
50% of patients are or become refractory to this drug(2,4). This situation exposes the need to search for
and develop new therapeutic alternatives. 
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In this way, several groups described possible compounds as chemotherapy adjuvants. In our case, we
have demonstrated the promising effect of 4-methylumbelliferone (4MU) on both murine and human
GBM cells(5–7). Moreover, we showed that this drug has no toxic effect on normal brain models and
even verified that this drug acts selectively on GBM cells without affecting normal brain cells when both
models are co-cultured(7). Remarkably, 4MU is approved in Asia and Europe as a choleretic and
antispasmodic agent and recently it was repurposed to be used in liver fibrosis(8–11). Therefore, its use
as an anticancer drug would represent a drug reposition with all the advantages of the case.

4MU is a coumarin derivative without adverse effects reported, even under long-term administration
protocols(8,10).  This drug was first used as a hyaluronan synthesis inhibitor since it depletes the cell of
UDP-glucuronic acid, an essential substrate of hyaluronan synthases (HAS), and further contributes to
degrading the mRNA of HAS-2. Currently, several works support the idea that 4MU does not only act as
an hyaluronan (HA) inhibitor(12,13). Indeed, our and other groups reported a direct effect of 4MU on
CD44, RHAMM, MMPs, and some key signaling pathways(5,7,12–18). However, the effect of 4MU on
metabolome and metabolic pathways is poorly described, and at least in GBM, there are no reports
about it.

The metabolome constitutes the pool of metabolites inside cells, which is determined by cellular lineage
and context(19). This context determines that pool's balance, and ultimately impairs cellular metabolism
and behavior(20,21). In a tumor context, some metabolic pathways are enhanced, favoring tumor cell
growth, migration, and invasion(22,23). Particularly in GBM, these characteristics are involved in the
progression and malignancy of this type of tumor.

In the last decades, the use of nuclear magnetic resonance (NMR) to determine metabolites in several
samples has been incresed(24,25). Particularly, NMR was widely used to determine bacteria and plant
metabolites as well as metabolites in biological samples. However, the use of NMR to assess human cell
extracts is not so extensive(26–29). 

In this work, we performed NMR assays to determine the metabolite concentrations in the cellular
extract of LN229 and U251 GBM cells under 4MU treatment and basal condition. Moreover, Metabolite
set Quantitative Enrichment Analysis (QEA) was carried out to seek metabolic pathways modulated by
4MU in these cells. Also, we demonstrate the oxidative stress state induced by 4MU. Finally, we evaluate
the N-glycosylation of both cell lines and the glycolytic state of U251 cells using a seahorse assay. 

 

MATERIALS AND METHODS
Reagents

4-Methylumbelliferone (4MU) was purchased from Sigma-Aldrich (Saint Luis, Missouri, USA).
Dihydrorodamine 123 (DHR), Höetch, DMEM, L-glutamine, streptomycin and penicillin were purchased
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from Invitrogen (Waltham, Massachusetts, USA). Fetal bovine serum (FBS) was acquired from
Internegocios, Argentina. Methanol was purchased from Cicarelli, Argentina.

Cell cultures 

The LN229 and U251 human GBM cell lines (gently provided by Dr. Carolina Jancic) were grown in
adherent cultures at 37°C in a 5% CO2 atmosphere with DMEM supplemented with 10% heat-inactivated
FBS, 2 mM L-glutamine, 100 µg/mL streptomycin and 100 IU/mL penicillin (DMEM-C) and tested for
Mycoplasma every three months by DAPI staining and specific PCR. Cell passages of less than 20 were
used for the described experiments.

Cell Treatments

For all assays, cells were seeded 24 h before treatment. Cells were treated with 4MU (0-1000 µM).
Vehicle control cultures were also included. All incubations were performed at 37°C in a 5%
CO2 atmosphere.

Nuclear Magnetic Resonance (NMR)-based metabolomics

1×107cells were seeded in a 100 mm cell culture dish and treated with 1000 µM 4MU or with vehicle for
24 h. The cells were then centrifuged at 1500 rpm for 10 minutes, and the cell pellet was washed three
times with phosphate-buffered saline (PBS). Following the washes, the cells were resuspended in 10 mL
of ice-cold 80% methanol, disrupted by sonication, and centrifuged at 4 °C for 10 minutes at 14,000 × g.
The resulting supernatants were collected and dried using a Savant SpeedVac concentrator (Thermo
Scientific). The dried samples were reconstituted in 0.5 mL of sodium phosphate buffer prepared in D2O

(pH 7.40 ± 0.05), containing 3-trimethylsilyl-[2, 2, 3, 3, -2H4]-propionate (TSP) at a final concentration of
0.33 mM, and then transferred to 5 mm NMR tubes. All NMR measurements were carried out at 298 K on
a Bruker Avance III spectrometer equipped with a proton resonance frequency of 600.1 MHz. The
experimental protocols as well as data processing and analysis were performed in accordance with
previously established methodologies(25,30).

Metabolite Quantification

For metabolite quantification only well-resolved, non-overlapping peaks of the identified metabolites
were integrated. 1H-NMR 1D spectra were acquired using a standard Bruker 1D NOESY pulse program
with pre-saturation during relaxation delay and mixing time, and spoil gradients (noesygppr1d). To
ensure over 99% magnetization recovery, an interpulse delay D1 of 10 s (>5 × T1) was applied. The signal
area in the ¹H NMR spectrum is directly proportional to the molar concentration of the metabolites. The
selected metabolites were quantified by integration, using both 0.33 mM of TSP as an internal standard
and 10 mM of threonine as an external standard for absolute concentration determination. The
concentration of each metabolite was determined using the following equation:
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In this equation, Cm denotes the concentration of the metabolite, Im the integrated area of the metabolite
resonance, Nm the number of protons contributing to that resonance, Cstd corresponds to the
concentration of the reference standard, Istd to the integral of the standard resonance, and Nstd to the

number of protons associated with the standard signal.

Differentially expressed metabolites (DEM)

A t-test was mapped robustly within each metabolite and between groups with the purrr R package, and
the cut-off value was set at 0.05. Also, the dataset was group split; within both groups, each metabolite's
mean and standard deviation (SD) of the abundance values were calculated. Subsequently, the mean
abundance differences (Fold change) were computed for each metabolite with the pooled standard
deviation, the square root of the sum of square SD (SD 4MU and SD Bas) divided by 2. The Cohen's effect
size(31), the Fold Change divided by the pooled standard deviation was computed as a statistical effect
size measurement, and the cut-off value was set at 80%.

Metabolite set Quantitative Enrichment Analysis (QEA)

The enrichment analysis was performed in the MetaboAnalyst 6.0 platform, which used package
globaltest (32) (Jelle J. Goeman, Sara A. van de Geer, Floor de Kort and Hans C. van Houwelingen. A
global test for groups of genes: testing association with a clinical outcome, Bioinformatics Vol. 20 no. 1
2004, pages 93-99). It uses a generalized linear model to estimate a Q-statistic for each metabolite set,
which describes the correlation between compound concentration proles, X, and clinical outcomes, Y.
The Q statistic for a metabolite set is the average of the Q statistics for each metabolite in the set.

The data processing pipeline includes standardizing compound labels with HMDB ID. Next, we selected
the libraries of metabolic pathways associated with metabolite sets, particularly RaMP-DB (Pathway-
based database), which includes 3,694 metabolite and lipid pathways, integrating KEGG via HMDB,
Reactome, and WikiPathways(33–35). Also, we used libraries of disease-associated metabolite sets
reported in human cerebral spinal fluid CFS, which includes 174 metabolites.

Lectin-binding Assay: 

To determine protein N-glycosylation, binding to Concanavalin A (ConA) was studied by flow cytometry,
as previously described (paper Oncotarget 2020 Gabri). Briefly, GBM cells were treated for 48 h prior to
collection with enzyme-free cell dissociation buffer (Thermo Fisher Scientific, USA) and then washed
with PBS. Biotinylated ConA (Vector Laboratories, USA) was incubated with fluorescein-streptavidin
(Vector Laboratories, USA) in 1% Bovine Serum-Albumin (BSA) (Sigma, USA) in PBS on ice for 30 min.

Page 6/24



Then, cells were incubated with the lectin-streptavidin complex on ice for 30 min. Acquisition was carried
out by a FACSCalibur flow cytometer (Becton Dickinson, USA) and analyzed by Flowing software. Results
are expressed as Median Fluorescence Intensity of events.

Seahorse Glycolysis Stress Test Assay:

To estimate the bioenergy function in U251 glioblastoma cells, 1.5x104 U251 cells/100ul/well were
seeded in a Seahorse cell culture miniplate in DMEM with 10% FBS and incubated for 24 h in CO2
incubator. After that, 4MU or vehicle treatment was added, and cells were incubated by additional 24 h.
Following this, the culture media were washed and replaced with XF base media (DMEM plus 2mM
Pyruvate, pH7,4) and incubated in a non-CO2 incubator for 1 h at 37 °C.

After that, the measurement of extracellular acidification rate (ECAR) was run after the injection of
glycolysis agitating agents (100 mM glucose, 10 µM oligomycin and 500mM 2-deoxyglucose) at the drug
injection ports respectively following 20 min of calibration and equilibration in the instrument.
Oligomycin was mainly used to block mitochondrial respiration. Next, the recorded data were normalized
concerning total cell using DAPI and nuclei counting. Agilent Seahorse XF24 analyzer permits to
estimate the basal level of medium acidification, glycolysis medium acidification, maximum glycolytic
capacity, glycolytic reserve and non-glycolytic medium acidification by using ECAR.

1,2,3-Dihydrorhodamine assay

1x105 cells/100 ul/well were seeded in a 96 well plate. After 24 h, 11ul of Höetch solution (1/1500) were
added and cell were incubated for 30 min. After that, 50 ul of 1,2,3-Dihydrorhodamine (DHR) solution
(1/1000) were added and plate was incubated 40 min more. Then, 60 ul of supernatant were discard and
100 ul of 2X treatment were added. After 1.5 h of incubation, plate was washed twice with PBS and
representative photographs were taken using EVOS M7000 Imaging System. The number and intensity
of positive cells were analyzed using Fiji software.

Statistical analysis.

Statistical significance was calculated using Prism 8 statistical software (Graph Pad Prism, San Diego,
CA, USA). The data presented in this study is expressed as mean values ± SD if not otherwise stated. The
letter “n” refers to the number of independently performed experiments corresponding to the data shown
in each figure. This number was selected in each case considering the statistic test and the laboratory's
capability, shown in the captions of each figure. Shapiro–Wilk´s normality test was performed before the
statistical test. Levene's test analyzed the variances within each data group and was similar between the
statistically compared groups. One-way ANOVA was used to compare three or more independent
groups. The Student’s test (T-test) was performed to compare two independent groups, whereas for
comparison of treated vs. untreated groups, Dunnet’s test was performed. Bonferroni’s test was used to
make simultaneous multiple comparisons between different groups. P values < 0.05 were considered
statistically significant.
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The authors used a large language model (ChatGPT) to assist in improving the clarity and language of
the manuscript. All scientific content, analysis, and conclusions were developed and verified by the
authors.

RESULTS
Effect of 4MU on metabolites of GBM cells

To identify metabolic changes under 4MU treatment, U251, and LN229 cell lines were treated with 1000
µM 4MU or with the vehicle for 24 hours. After that we carried out untargeted 1H-NMR metabolomics on
methanol-extracted samples from cells. A total of 42 and 47 compounds were detected and identified in
U251 and LN229 cells, respectively (Supplementary Table 1). A principal component analysis (PCA) and
a partial least square-discriminant analysis (PLS-DA) were performed in order to detect the differences
between treated and non-treated cells (Figure 1 A and B). In the PCA, the two first principal components
(PC) explained more than 70% of the total variation, clarifying the separation between groups.

Furthermore, to analyze the variation for each identified metabolite and visualize general grouping
information, an Important features VIP values is shown (Figure 1 C).

Figure 1

4MU generates differentially expressed metabolites (DEM) on both cell lines.

Univariate statistical analyses were applied to seek Differential Expressed Metabolites (DEM) between
4MU and Vehicle groups. As shown in Figure 2, 4MU exerts changes in central metabolites in both cell
lines. Even though in LN229 cells more metabolites were modified than in U251, in both cell lines 4MU
diminished the concentration of NAD, a central bioenergetic metabolite. (Figure 2 A and B, respectively).
Interestingly, 4MU augmented the concentration of NADP, a key co-factor related to Pentose Phosphate
Metabolism, while decreased UDP-sugars on LN229 cells.

4MU impairs several metabolic pathways in both cell lines.

Metabolite set Quantitative Enrichment Analysis (QEA) was conducted in both U251 and LN229 cell lines
under 4MU or vehicle treatment.The analysis reveals several metabolic pathways affected by 4MU
treatment on U251 and LN229 cells. (Figure 3 and 4, respectively).

Interestingly, in both cell lines, the metabolites and lipid pathways affected by treatment are related to
proteoglycan and glycolipids synthesis and metabolism, as well as protein N-glycosylation.

Related to the KEEG database, the metabolic pathways affected by 4MU with a greater or minor
relevance majorly appear modulated in both cell lines. Interestingly, this analysis reinforces the idea that
4MU impairs pathways implicated in the glycosylation of several molecules, and it makes the
bioenergetic pathways appear to be the most affected.
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4MU enhances the oxidative stress on both cell lines.

Considering that 4MU affected the NAD levels in both cell lines and that this metabolite is closely related
to oxidative stress protection, we performed a DHR assay to evaluate the cell redox state. As shown in
Figure 5 A, after 1.5 h of treatment, 4MU enhanced the signal of DHR in both cell lines, reinforcing the
idea that treatment with 4MU induces an oxidative stress state. Below the graph, representative
microphotographs from one assay are shown for each cell line (Figure 5 B).

4MU alters the glycosylation pattern on both cell lines.

In view of 4MU modulation of several glycosylation pathways on both cell lines, we performed lectin
binding assay and flow cytometry to evaluate the changes in the protein glycosylation pattern under 4MU
treatment. We compared the glycan profile considering the binding to the lectin Concanavalin A (ConA)
and Phytohemagglutinin-E (PHA-E) on U251 and LN229 cells. ConA recognizes oligomannose-type N-
glycans with high-affinity and complex-type bi-antennary N-glycans with low-affinity, while PHA-E binds to
structures with β1,6-GlcNAc branches of complex tri- and tetra-antennary N-glycans.

As shown in Figure 6, 4MU modulates ConA and PHA-E binding, suggesting that the expression of N-
glycans is altered on U251 (A) and LN229 (B) cells under 4MU treatment.

4MU affects the glycolysis rate in U251 cells

Considering that several glucose metabolic pathways were found affected by 4MU on both cell lines, we
evaluated energetic metabolism by a Seahorse Glycolysis Stress Test Assay on U251 cells. We evaluated
cellular ECARs in U251 cells under 4MU treatment to evaluate the potential activity of 4MU in regulating
cell bioenergetics. As shown in Figure 7, the overall ECARs of U251 were increased under 4MU treatment
(A). We further assessed ECAR indexes and found both basal glycolysis and glycolytic capacity were
notably increased in 4MU-treated U251 cells (B).

DISCUSSION
As described in the Introduction section, GBM is the most common and aggressive tumor of CNS in
adults. The fact that 50% of patients are refractory to chemotherapy highlights the necessity of new
alternatives drugs. In this scenario, in our lab, we described the anti-tumor effects of 4MU, a coumarin
derivative without adverse effects reported. Although the effect of 4MU on hyaluronan synthesis is clear
and there is enough evidence about its HA-independent effect, the underlying mechanisms of action and
the molecules involved remain unknown.

As shown in the previous section, the treatment with 4MU induces an early oxidative stress response in
glioblastoma cells, detectable at 1.5 hours, as demonstrated by the increase in DHR signal. This redox
imbalance could be the primary trigger of the subsequent metabolic alterations observed at 24 hours,
characterized by glycolysis enhancement in U251 and NAD decreasing in both cell lines. For LN229 cells,
the NAD diminish was also accompanied by a decrease in UDP-Glucose and UDP-glucoronate and an
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augment in NADP. This initial state is followed by an altered N-glycosylation on both cell lines, revealed
both by ConA and PHA-L binding.

Interestingly, we found that 4MU decreased the levels of NAD+ in both cell lines. This metabolite is
essential to DNA repair as well as oxidative stress resistance, which led to its proposal as an anti-cancer
therapeutic target several years ago. NAD depletion may be the result of the cells’ damage response to
ROS increase, specifically enhanced DNA repair processes mediated by the PARP protein family that
uses NAD as a cofactor, which leads to inhibition of sirtuins by NAD+ decrease, ultimately leading to cell
senescence (36–38). Also, NAD reduction may reflect exhaustion of essential cofactors for redox and
glycolytic reactions, compromising the cells’ ability to maintain normal energy metabolism in cancer in
general and particularly in GBM (39–42).

In cancer cells, metabolism is redirected to glycolysis to enhance the production of metabolic
compounds employed by cancer cells in proliferation and growth. In this work, we observed that 4MU
enhanced the glycolytic state of U251 cells. This 4MU effect could be linked to its known mechanism of
HA synthesis inhibition by depleting cytosolic UDP-Glucuronate and UDP-GlcNAc pools, as reflected by
the metabolomics studies in both cell lines. This could lead to an accumulation of glycolysis substrates,
which increases glycolysis flux, as reported by Grandoch et al in brown adipose tissue models (43). This
mechanism causes a further increase in reactive oxygen species (ROS), which could lead to cell death.
However, several cancer types overcome the problem generated by ROS augment by increasing the
antioxidant machinery (44). Further studies are yet to be conducted to determine if this is the initial step
that leads to the rise in ROS or if there are other mechanisms involved. Considering the NAD depletion,
the increase in glycolysis measured by Seahorse may also be a compensatory mechanism to maintain
ATP production despite ROS increase and NAD reduction, while the ROS rise indicates a redox imbalance
that could contribute to cellular damage (45). This pattern aligns with the altered metabolism of
glioblastomas, which rely on glycolysis and show resistance to oxidative stress (46). Furthermore, NADP
increasing suggests activation of antioxidant pathways such as the pentose phosphate pathway,
generating reducing power necessary to neutralize accumulated ROS (47).

On the other hand, the drop in UDP-Glucose, UDP-Glucuronate, and UDP-GlcNAc reflects a glycosylation
deficit, affecting the synthesis of glycosylated proteins and lipids, potentially impacting cellular signaling
and stability (48,49). Moreover, through Metabolite Set Enrichment Analyses we found that 4MU impairs
N-glycosylation pathways and by ConA and PHA-L binding assays we corroborated that 4MU altered N-
glycosylation on both cell lines. It is worth noting that in the LN229 cell line, where a marked decrease in
the metabolites UDP-metabolites were observed, we can also see a significant reduction in the different
glycosylated structures that were evaluated in parallel , as these metabolites are the necessary
precursors for N-glycosylation.

At 48 hours, the sustained alteration in N-glycosylation, together with the previously reported
senescence induction, suggests that cells are unable to reverse the initial metabolic stress, activating
cell cycle arrest programs(5,50).
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Overall, these findings suggest that 4MU treatment first induces oxidative stress in glioblastoma cells,
which then drives downstream metabolic and N-glycosylation alterations that, if persistent, culminate in
cellular senescence. This underscores the importance of the temporal sequence linking oxidative stress,
energy metabolism, glycosylation, and cell fate decisions, with implications for therapeutic strategies
targeting metabolic vulnerabilities in this tumor type (39,49,51,52).

CONCLUSION
The treatment with 4MU induces oxidative stress in glioblastoma cells as early as 1.5 hours, preceding
broader metabolic alterations. If sustained, this leads to functional consequences such as induction of
cellular senescence and altered N-glycosylation, reflecting a potentially cytostatic effect of 4MU and
providing a pathway for possible therapeutic interventions.
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Figure 1

4MU effects on GBM cells’ metabolites revealed by NMR metabolomics. (A) Plot for the first principal
components under Principal component analysis (PCA) and (B) Partial least square-discriminant
analysis (PLS-DA) of 4MU-treated and untreated GBM cells. (C) Main metabolites variation under
Important features VIP values analysis.
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Figure 2

Differentially expressed metabolites in (A) U251 and (B) LN229 cells under 4MU treatment, following
NMR-based metabolomics and univariate statistical analysis.
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Figure 3

Metabolite set Quantitative Enrichment Analysis (QEA) of U251 cells under treatment with 4MU. (A) QEA
using RaMP-DB (Pathway-based database, integrating KEGG via HMDB, Reactome, WikiPathways). (B)
QEA using KEEG (Pathway-based database, integrating KEGG based on human metabolic pathways). (C)
QEA using CFS (Disease signature metabolite sets reported in human cerebral spinal fluid (CSF).
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Figure 4

Metabolite set Quantitative Enrichment Analysis (QEA) of LN229 cells under treatment with 4MU. (A)
QEA using RaMP-DB (Pathway-based database, integrating KEGG via HMDB, Reactome, WikiPathways).
(B) QEA using KEEG (Pathway-based database, integrating KEGG based on human metabolic pathways).
(C) QEA using CFS (Disease signature metabolite sets reported in human cerebral spinal fluid (CSF).
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Figure 5

4MU effect on oxidative stress of GBM cells. (A) Cell redox state of U251 and LN229 cells was
determined by DHR staining and microscopic observation, as described in Materials and Methods
section. Results are expressed as mean fluorescence of DHR-positive cells over total number of cells
under 1000 µM 4MU treatment vs untreated. In all graphs, each bar represents the mean ± SD of at least
3 independent experiments. Asterisks (*) indicate differences between treated cells and vehicle control
cells. *P<0.05, **P<0.01, ***P < 0.001, ****P < 0.0001 and ns = nonsignificant (P > 0.05). (B)
Representative microphotographs of U251 and LN229 cells treated with 4MU and untreated, stained with
Höetch and DHR as described in Materials and Methods section.
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Figure 6

4MU effect on protein N-glycosylation of GBM cells. N-glycosylation of (A) U251 and (B) LN229 cells was
determined by ConA and PHA-E binding analysed by flow cytometry, as described in Materials and
Methods section. Results are expressed as mean fluorescence of cells under 1000 µM 4MU treatment vs
untreated. In all graphs, each bar represents the mean ± SD of at least 3 independent experiments.
Asterisks (*) indicate differences between treated cells and vehicle control cells. *P<0.05, **P<0.01, ***P
< 0.001, ****P < 0.0001 and ns = nonsignificant (P > 0.05).
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Figure 7

4MU effect on glycolytic flux of U251 cells. (A) Extracellular acidification rate (ECAR) profile through
time, assessed after 24 h of treatment by Seahorse Glycolytic Stress Assay, as described in Materials
and Methods section. (B) Comparison of each step of Glico-Stress Assay of 4MU-treated vs untreated
U251 cells. In all graphs, each dot or bar represents the mean ± SD of at least 3 independent
experiments. Asterisks (*) over each bar indicate differences between treated cells and vehicle control
cells. *P<0.05, **P<0.01, ***P < 0.001, ****P < 0.0001 and ns = Non-significant (P > 0.05).
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