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Abstract
Glioblastomas (GBMs) are highly aggressive and lethal primary brain tumors, known for 
their rapid proliferation, diffuse infiltration, and resistance to conventional therapies. 
Recent studies have highlighted the involvement of transient receptor potential 
melastatin 7 (TRPM7) in regulating GBM progression through its dual function as an 
ion channel and a serine/threonine protein kinase. TG100-115, initially characterized 
as a phosphoinositide 3-kinase γ/δ inhibitor, has recently been identified as a novel 
inhibitor of TRPM7 kinase. However, its potential pharmacological effects in GBM cells 
have not been fully elucidated. In this study, we investigated the anti-GBM effects of 
TG100-115 in U251 glioma cells. Cell viability and proliferation were assessed using 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, whereas cell 
motility and invasiveness were determined through wound healing and transwell assays, 
respectively. Western blotting was used to detect the expression of key proteins involved 
in the apoptotic and molecular signaling pathways. Our findings revealed that TG100-
115 significantly diminished the viability of U251  cells by promoting apoptosis while 
concurrently inhibiting the migratory and invasive activities of GBM cells. Mechanistically, 
TG100-115 enhanced apoptotic signaling by modulating B-cell lymphoma 2 (Bcl-2), Bcl-
2-associated X protein, and cleaved caspase-3 levels. It also altered the phosphorylation 
status of protein kinase B and cofilin – both critical for cell survival and cytoskeletal 
dynamics. In conclusion, these findings suggest that TG100-115, by targeting TRPM7 
kinase, exhibits promising therapeutic potential for GBM treatment and provides novel 
insights into targeting TRPM7-associated pathways in aggressive brain tumors.
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1. Introduction
Glioblastomas (GBMs) are characterized by aggressive 
growth and invasiveness, significantly affecting patient 
survival, neurological function, psychological well-being, 
and overall quality of life.1 Despite advancements in 
therapeutic strategies combining surgery, temozolomide 
chemotherapy, and radiotherapy, GBMs are associated 
with a poor prognosis, with a median survival of 
14.6  months after diagnosis.2 The ongoing challenges 
pertaining to drug resistance, the blood–brain barrier, 
and tumor heterogeneity highlight the need for new 
therapeutic approaches. Genomic analyses of gliomas have 
revealed a wide range of deregulated genes with somatic 
mutations, including TERT, TP53, IDH1, ATRX, and TTN, 
among others, providing important insights into glioma 
pathogenesis.3-5 Building on these findings, recent studies 
have advanced the development of therapies targeting 
critical signaling pathways, including the epidermal growth 
factor receptor, phosphoinositide 3-kinase (PI3K)/protein 
kinase B (Akt)/mammalian target of rapamycin (mTOR) 
axis, and vascular endothelial growth factor, along with the 
exploration of immune checkpoint inhibitors.6 However, 
the lack of effective treatment options underscores the 
urgent need for deeper exploration of the molecular 
mechanisms of GBM to discover novel therapeutic targets.

Transient receptor potential melastatin 7 (TRPM7) 
is a non-selective divalent cation channel that facilitates 
the influx of ions such as calcium, magnesium, and zinc. 
TRPM7 contains an unusual α-kinase domain within its 
C-terminal region, enabling its dual function as both an 
ion channel and a kinase.7 TRPM7 is widely expressed in 
various tissues and has been implicated in the progression 
of multiple malignancies, including pancreatic,8 breast,9 
gastric,10 and nasopharyngeal cancers,11 as well as GBM.12 
Accumulating evidence indicates that TRPM7 plays 
a pivotal role in the progression of GBM. Inhibition 
of TRPM7 using compounds, such as carvacrol and 
waixenicin A, has been shown to suppress GBM cell 
proliferation, migration, and invasion both in vitro 
and in vivo while inducing apoptosis in GBM cells.12,13 
Conversely, pharmacological activation of TRPM7 using 
naltriben enhances the migratory and invasive capabilities 
of GBM cells, highlighting its pro-tumorigenic function.14 
Mechanistically, TRPM7 regulates key oncogenic 
pathways, including the PI3K/Akt and mitogen-activated 
protein kinase (MAPK) kinase (MEK)/extracellular signal-
regulated kinase (ERK)12,13,15,16 pathways, and modulates 
the expression of matrix metalloproteinase 2, contributing 
to tumor cell invasion.17 Furthermore, TRPM7 has been 
implicated in the maintenance of glioma stem-like cells 
through signal transducer and activator of transcription 

3 and Notch signaling, and is activated by prostaglandin 
E2 via the prostaglandin E receptor 3/protein kinase A 
pathway to promote GBM cell proliferation and motility.18 
These findings collectively underscore TRPM7 as a critical 
regulator of GBM malignancy and a potential therapeutic 
target. However, the relative contribution of the kinase 
domain to GBM regulation, as compared to that of the ion 
channel, remains insufficiently defined.

The kinase domain of TRPM7 retains functional 
distinctiveness, with unique implications in human cancer 
pathogenesis, and mediates tumorigenic processes through 
the phosphorylation of specific substrates.19 In contrast to 
the ion channel domain, which primarily mediates cell 
proliferation, the kinase domain is specifically required for 
cytoskeletal regulation and metastatic behavior. Notably, 
deletion or inactivation of this domain significantly 
reduces migratory and invasive capacities without 
affecting proliferation.20,21 Therefore, selectively inhibiting 
the TRPM7 kinase domain may offer a therapeutic strategy 
to suppress cancer metastasis while minimizing effects on 
normal cell growth.

TG100-115, identified for its potent inhibition of 
TRPM7 kinase in 2017, demonstrates a potency surpassing 
the previously known TRPM7 kinase inhibitor, rottlerin, 
by over 70-fold.22 In addition, TG100-115 significantly 
inhibits the migratory and invasive abilities of breast 
cancer cells.22 TG100-115 was initially characterized as 
a potent inhibitor of PI3K, exhibiting selective affinity 
for the PI3K-γ and PI3K-δ isoforms. In rigorous animal 
models of myocardial infarction, TG100-115 demonstrated 
significant cardioprotective effects, reducing infarct size 
and preserving myocardial function.23 At present, TG100-
115 is the only potent inhibitor known to selectively target 
the TRPM7 kinase domain, offering valuable insights into 
the kinase-specific pathophysiological role of TRPM7 in 
GBM. Such inhibitors serve as important pharmacological 
tools for investigating the biological functions mediated by 
TRPM7 kinase activity.

In this study, we investigated the impact of TG100-115 
on the proliferation, migration, and invasion of the GBM 
cell line U251. Furthermore, we explored its effects on 
apoptosis and potential molecular mechanisms, aiming to 
provide insights into novel therapeutic strategies for GBM 
treatment.

2. Materials and methods
2.1. Cell culture

Human GBM cell line U251 was obtained from the 
American Type  Culture Collection (United States of 
America [USA]). Cell culture procedures followed 
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protocols previously described in earlier studies.13,17 Briefly, 
U251 cells were cultured in 60 mm dishes with Dulbecco’s 
Modified Eagle Medium (Gibco, USA), supplemented 
with 10% fetal bovine serum (Gibco, USA) and antibiotics 
(100 U/mL penicillin and streptomycin; Gibco, USA), 
under standard conditions of 5% carbon dioxide and 95% 
humidity at 37°C.

2.2. Cell viability and proliferation assay

U251 cells were plated onto 96-well plates at a density of 
3,000 cells per well, with 100 µL of culture medium. After 
24 h of attachment, the cells were subjected to another 24-h 
treatment with either dimethyl sulfoxide (DMSO; 0.1%, 
vehicle control) or TG100-115 at various concentrations 
(30, 60, 120, 180, and 240 µM). Subsequently, 10 µL of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) reagent (5  mg/mL) was added to each 
well, and the plates were incubated for 3  h at 37°C with 
5% carbon dioxide. Throughout the incubation period, 
mitochondrial enzymes converted the yellow MTT into 
insoluble purple formazan. Following this, the medium 
was aspirated, and the formazan was dissolved in 100 µL of 
DMSO. Cell viability was assessed using a microplate reader 
(Synergy H1, Biotek, USA) by measuring absorbance at 
490 nm, which corresponds to the formazan content. The 
cell viability was then calculated as a percentage relative to 
the control.

2.3. Calculation of half-maximal inhibitory 
concentration (IC50) values

The half-maximal IC50 values of TG100-115 following 
24-h incubation in U251  cells were calculated using 
non-linear regression analysis in GraphPad Prism 10. 
Log-transformed concentrations of TG100-115 and the 
corresponding cell viability data were fitted to a sigmoidal 
dose-response curve (with variable slope) to determine the 
IC50 value.24

2.4. Cell migration assay

Cell migration was measured using a wound healing assay, 
following established protocols.12,13,17 Briefly, U251  cells 
were cultured in 24-well plates at a density of 1 × 105/mL 
per well. A monolayer of cells was scratched with a sterile 
200 µL pipette tip to create a wound gap. After rinsing the 
wells with phosphate-buffered saline to remove detached 
cells, cultures were treated with either DMSO (0.1%) 
or TG100-115 at various time points (24, 48, and 72  h) 
or various concentrations. For each well, images from 
four different fields were captured using a digital camera 
connected to an Olympus phase-contrast microscope (×10 
objective; CKX41, Olympus, Japan). The wound gap was 
quantified using the wound healing tool in NIH ImageJ 

(USA), and wound closure was determined as outlined in 
prior protocols.12,13,17

2.5. Matrigel invasion assay

The transwell assay was performed following the 
manufacturer’s protocol. To evaluate the invasive capacity 
of U251  cells, BioCoat Matrigel invasion chambers 
equipped with 8-µm polycarbonate nucleopore filters 
(Cat. 354480, BD BioSciences, USA) were utilized. After 
being treated with DMSO (0.1%) or TG100-115 (150 µM) 
for 24 h, 100 µL of cells (2.5 × 104 cells/mL) in serum-free 
Dulbecco’s Modified Eagle Medium were added to the 
upper compartment of the chamber. As a chemoattractant, 
600 µL of complete medium was added to the lower 
chamber. Cells that invaded through the Matrigel-coated 
membrane to the underside of the insert were subsequently 
fixed with absolute ethanol and stained using 1% toluidine 
blue. Representative fields were imaged under a phase-
contrast microscope (CKX41, Olympus, Japan), and the 
number of invading cells was quantified using NIH ImageJ 
(USA) via the cell counting module.

2.6. Western blotting

U251  cells were cultured in 35  mm dishes and grown 
until reaching approximately 60% confluency. Cells were 
then treated with either 0.1% DMSO or 150 µM TG100-
115 in fresh culture medium and incubated for 24  h. 
Following treatment, cells were rinsed twice with ice-cold 
phosphate-buffered saline to remove the residual serum. 
Western blotting analysis was performed as previously 
described.12,13,17 After blocking, the membranes were 
incubated overnight at 4°C with primary antibodies: Anti-
cleaved caspase-3 (1:1,000; 9661S, CST, USA), anti-B-cell 
lymphoma 2 (Bcl-2; 1:1,000; 3498S, CST, USA), anti-B-cell 
lymphoma 2-associated X protein (Bax; 1:1,000; 2772S, CST, 
USA), anti-phosphorylated-Akt (p-Akt; 1:1,000; 9271S, 
CST, USA), anti-Akt (t-Akt; 1:1,000; 2920S, CST, USA), 
anti-phosphorylated-ERK1/2 (p-ERK1/2; 1:1,000; 5726S, 
CST, USA), anti-ERK1/2 (t-ERK1/2; 1:1,000, 4695S, CST, 
USA), anti-glyceraldehyde-3-phosphate dehydrogenase 
(1:5,000; 2118S, CST, USA), anti-phosphorylated-
cofilin (p-cofilin; 1:1,000; ab12866, Abcam, USA), anti-
cofilin (t-cofilin;, 1:1,000; ab134963, Abcam, USA), and 
anti-TRPM7  (1:1,000; ab85016, Abcam, USA). On the 
following day, mouse (1:5,000; 7076S, CST, USA) or rabbit 
(1:10,000; 7074S, CST, USA) secondary antibodies were 
applied, respectively. Protein bands were detected using 
a chemiluminescence reagent system (iBright Imaging 
System FL1500, Thermo Fisher Scientific, USA). Band 
intensities were quantified using NIH ImageJ (USA) for 
densitometric analysis.
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2.7. Statistical analysis

All data are presented as means ± standard error of the mean. 
Student’s t-test was employed to compare the control and 
treatment groups. One-way analysis of variance, followed by 
the Newman–Keuls post hoc test, was utilized to ascertain 
statistical significance for multiple comparisons. p<0.05 was 
considered to indicate a statistically significant difference.

3. Results
3.1. TG100-115 reduced U251 cell viability and 
inhibited cell proliferation

We assessed the impact of TG100-115 on U251 cell viability 
and proliferation through an MTT assay. As shown in 
Figure 1A and B, our findings show that the 24-h treatment 
with TG100-115 notably decreased U251 cell viability in a 
dose-dependent manner (p<0.001, n = 4), with an IC50 of 
155.2 μM. The cell proliferation over time is illustrated in 
Figure 1C. In the control group, cell proliferation increased 

progressively over the culture period, reaching 108.0 ± 4.4%, 
255.9 ± 5.7%, and 383.8 ± 5.4% at 24, 48, and 72 h, respectively. 
In contrast, treatment with TG100-115  (30 – 240 µM) 
significantly inhibited U251 cell proliferation at 24, 48, and 
72  h, compared to the control group (p<0.001, n = 3). In 
Figure S1, numerous U251 cell colonies were observed 
in the control group 7 days after seeding in six-well plates, 
as indicated by the crystal violet staining. Treatment with 
TG100-115  (50 μM) resulted in a significant reduction in 
U251 cell colony formation to 47.0 ± 4.3%, compared to 
that observed in controls, 100.0 ± 5.1% (p<0.01, n = 3). 
These consistent findings across multiple assays and time 
points provided strong evidence that TG100-115 effectively 
inhibited U251 cell viability and proliferation.

3.2. TG100-115 induced apoptosis in U251 cells

We further investigated whether TG100-115 reduces the 
viability of U251 cells by promoting apoptosis. Cell images 
were captured 24 h after treatment with TG100-115 (30 – 

Figure 1. TG100-115 reduced the cell viability and proliferation of U251 cells. (A and B) U251 cells were treated with TG100-115 from 30 μM to 240 μM 
for 24 h. An MTT assay was used to evaluate the cell viability, and IC50 was calculated (n = 4). TG100-115 (30 – 240 μM) significantly inhibited U251 cell 
viability after 24 h (***p<0.001 versus DMSO; one-way analysis of variance with subsequent Newman–Keuls test, n = 4). (C) TG100-115 inhibited the 
proliferation of U251 cells. U251 cells were treated with TG100-115 from 30 μM to 240 μM for 24, 48, and 72 h, then an MTT assay was used to measure 
the proliferation (a, b, c, d, and e represent 30, 60, 120, 180, and 240 μM TG100-115 versus DMSO, respectively, p<0.001, n = 3). 
Abbreviations: DMSO: Dimethyl sulfoxide; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

C

BA

https://dx.doi.org/10.36922/AN025110023


Advanced Neurology TG100-115 suppresses glioblastoma cell functions

Volume 4 Issue 3 (2025)	 92� doi: 10.36922/AN025110023

240 µM), revealing significant damage and the presence of 
visualized vacuoles when compared to the control group 
(Figure 2A, n = 4). This suggests that TG100-115 treatment 
resulted in morphological changes in the U251 cells.

To assess apoptosis, we conducted western blot analysis 
of cleaved caspase-3, Bcl-2, and Bax. The representative 
images are shown in Figure  2B, the raw blot images are 
provided in Figures S5–8. Cleaved caspase-3, an active 
form of the apoptosis-related cysteine peptidase,25 showed 
a significantly higher ratio in TG100-115  (150 μM)-
treated cells (34.5 ± 2.6%) compared to the control group 
(6.4 ± 0.7%, p<0.01, n = 4), as demonstrated in Figure 2C. 
Bcl-2 and Bax, pivotal regulatory proteins in apoptosis,26 
were also analyzed. Bcl-2, an anti-apoptotic protein, 
exhibited a significantly lower ratio in TG100-115  (150 
μM)-treated cells (14.2 ± 5.3%) compared to the control 
group (48.5 ± 3.8%, p<0.05, n = 4), as shown in Figure 2D. 
Conversely, Figure 2E illustrates a significant increase in Bax 
level (97.4 ± 13.3%) after treatment with TG100-115 (150 
μM) for 24 h, compared to the control group (45.7 ± 9.3%, 
p<0.05, n = 4). These findings collectively suggest that 
TG100-115 induces apoptosis in U251 cells.

3.3. TG100-115 suppressed U251 cell migration

To evaluate the impact of TG100-115 on the migratory 
behavior of U251 cells, a wound healing assay was performed. 
In Figure 3, cell images were captured at 0, 4, 8, 16, and 24 h 

following treatment with either DMSO (0.1%) or TG100-
115 (150 μM), and the wound closure rate was analyzed. At 
4, 8, 16, and 24 h, the control group exhibited wound closure 
rates of 14.8 ± 1.4%, 37.4 ± 1.4%, 48.3 ± 1.8%, and 66.1 ± 
2.6%, respectively, all of which were notably faster than 
the TG100-115-treated group at the corresponding time 
points: 8.6 ± 1.2%, 20.2 ± 2.3%, 28.3 ± 3.4%, and 41.5 ± 2.2% 
(p<0.01, p<0.001, n ≥ 6). This result suggests a significant 
and time-dependent reduction in the migratory capability 
of U251  cells treated with TG100-115 when compared to 
the control group. In Figure  4, we further investigated the 
migration of U251 cells with various doses of TG100-115 (60, 
120, 180 μM) for 24 h, using DMSO (0.1%) as the control. 
The wound closure rate in the control group was 66.1 ± 2.6%, 
while in the treatment groups, it was significantly reduced 
to 48.8 ± 3.7%, 43.2 ± 3.7%, and 37.4 ± 1.4%, respectively 
(p<0.01, p<0.001, n ≥ 6). This result indicates a significant 
reduction in the migration of U251 cells treated with TG100-
115 compared to the control across different doses.

3.4. TG100-115 inhibited U251 cell invasion

The Matrigel transwell assay was utilized to assess U251 
cell invasion. As depicted in Figure 5, U251 cell invasion 
was significantly reduced after 24-h exposure to TG100-
115 at 150 µM. The relative invasiveness decreased from 
100.0 ± 8.8% to 53.8 ± 3.8% with TG100-115 treatment 
(p<0.01, n = 6). This result indicates that, in vitro, TG100-
115 diminishes the invasion of U251 cells.

Figure 2. TG100-115 induced apoptosis in U251 cells. (A) Representative images of U251 cells with or without TG100-115 (30 – 240 μM) treatment 
for 24 h. Scale bar: 50 μm, magnification ×20. U251 cells treated with TG100-115 significantly showed cell damage and the presence of vacuoles 
when compared to the control group. (B) Representative images of western blotting results. (C) TG100-115 significantly increased the ratio of cleaved 
caspase-3/GAPDH. (D) TG100-115 significantly reduced the ratio of Bcl-2/GAPDH. (E) TG100-115 significantly increased the ratio of Bax/GAPDH. 
Note: Statistical significance determined at *p<0.05 and **p<0.01 using Student’s t-test, n = 4. 
Abbreviations: Bax: B-cell lymphoma 2-associated X protein; Bcl-2: B-cell lymphoma 2; DMSO: Dimethyl sulfoxide; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.
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3.5. TG100-115 downregulated PI3K/Akt signaling

The PI3K/Akt and MAPK/ERK signaling pathways play 
key roles in regulating the proliferation, migration, and 
invasion of GBM cells.16,27,28 Consequently, we explored the 
phosphorylation status of Akt and ERK1/2. In Figure 6A, 
TG100-115  (150 µM) markedly reduced p-Akt protein 
levels in U251  cells while leaving t-Akt protein levels 
unchanged, the raw blot images are provided in Figures 
S9-10. In Figure 6B, the p-Akt/t-Akt ratio was significantly 
reduced in TG100-115-treated cells (4.1 ± 1.1%) compared 
to the control group (21.1 ± 1.8%, p<0.001, n = 4). This 
indicates that TG100-115 treatment led to a notable 
decrease in the p-Akt/Akt ratio, suggesting a potential 
impact on the activity of the PI3K/Akt signaling pathway.

Subsequently, the protein levels of p-ERK1/2 and 
t-ERK1/2 were assessed. In cells treated with TG100-
115 (150 µM), there was no significant alteration observed 
in the protein levels of both p-ERK1/2 and t-ERK1/2 
compared to the TG100-115 group. Quantification of the 
p-ERK1/2/t-ERK1/2 ratio revealed no significant difference 
in TG100-115-treated cells (120.7 ± 6.7%) when compared 

to the control group (138.2 ± 10.1%, p>0.05, n = 4), as 
illustrated in Figure 6D, the raw blot images are provided in 
Figures S11-12. These findings suggest that TG100-115 did 
not affect the MAPK/ERK signaling pathway.

3.6. TG100-115 upregulated phosphorylation of 
cofilin

Cofilin, an actin-interacting protein capable of breaking 
down actin filaments, undergoes regulatory control 
through phosphorylation, leading to its inactivation. This 
dynamic regulation is essential for the proper functioning 
of cellular processes involving cytoskeletal restructuring 
and cellular motility.29 Here, we investigated the effect 
of TG100-115 on cofilin regulation. In Figure  6A, the 
result revealed that TG100-115 treatment (150 µM) for 
24  h increased the phosphorylation level of cofilin, with 
no change in total cofilin (t-cofilin), the raw blot images 
are provided in Figures S13-14. In Figure 6D, the ratio of 
p-cofilin/t-cofilin was significantly higher in TG100-115-
treated cells (241.5 ± 22.8%) compared to the control group 
(34.7 ± 18.0%, p<0.01, n = 4). This indicates that TG100-115 
influences the phosphorylation status of cofilin, shedding 

Figure 3. TG100-115 inhibited the migration of U251 in a time-dependent manner. (A) Representative images of wound healing. After being scratched 
with a 200 μL pipette tip, U251 cells were treated with TG100-115 (150 μM) or 0.1% DMSO. Then, the images were captured at 0, 4, 8, 16, and 24 h, 
and the gap closure was analyzed. Scale bar: 150 μm, magnification: ×10. (B) The wound closure of the TG100-115 treatment groups was significantly 
decreased compared to DMSO at the corresponding time points. 
Note: Statistical significance determined at **p<0.01 and ***p<0.001 versus DMSO using one-way analysis of variance with subsequent Newman–Keuls test, n ≥ 6. 
Abbreviation: DMSO: Dimethyl sulfoxide.

B

A

https://dx.doi.org/10.36922/AN025110023


Advanced Neurology TG100-115 suppresses glioblastoma cell functions

Volume 4 Issue 3 (2025)	 94� doi: 10.36922/AN025110023

light on its potential role in cellular processes associated 
with migration and invasion.

3.7. TG100-115 did not affect the protein expression 
of TRPM7

Finally, we investigated the impact of TG100-115 treatment 
on the protein expression of TRPM7 in U251 cells. Following 
a 24-h exposure to either DMSO (0.1%) or TG100-115 (150 
µM), we assessed TRPM7 expression through western 
immunoblotting. As shown in Figure S2, the raw blot 
images are provided in Figure S16, TG100-115 exhibited no 
significant influence on the protein expression of TRPM7 
when compared to the control group (19.1 ± 3.8% vs. 20.3 ± 
4.6%, respectively, p>0.05, n = 4). This suggests that TG100-
115 did not markedly influence the protein expression of 
TRPM7 under the conditions examined in U251 cells.

4. Discussion
This study demonstrates the role of TG100-115 in GBM 
cell biological functions. Our results showed that TG100-

115 significantly reduced the viability and proliferation of 
U251  cells in a dose-dependent manner, with an IC50 of 
155.2 μM. In addition, TG100-115 exhibited substantial 
inhibitory effects on U251 cell migration and invasion. 
Furthermore, we found that the anti-GBM activities 
of TG100-115 were involved in PI3K/Akt and cofilin-
dependent signaling. In this study, experiments were 
initially performed using both U87 and U251 glioma cell 
lines, with preliminary data obtained from both models. 
However, due to variability in experimental conditions 
and inconsistencies in U87 cell status, only the U251 cell 
data have been reported here. Nevertheless, the relevant 
results from U87 cells are included in Figure S3, raw blot 
images are provided in Figure S17. This data demonstrated 
that TG100-115 significantly reduced U87 cell viability, 
migration, colony formation, and Akt phosphorylation, 
consistent with the findings observed in U251 cells. Thus, 
the results from both cell lines support the conclusion 
that TG100-115 exerts anti-GBM effects via similar 
mechanisms.

Figure 4. TG100-115 inhibited the migration of U251 cells at different doses for 24 h. (A) Representative images of wound healing. After being scratched 
with a 200 μL pipette tip, U251 cells were treated with TG100-115 at doses of 60, 120, 160 μM or 0.1% DMSO. Then, the images were captured at 
24 h, and the gap closure was analyzed. Scale bar: 150 μm, magnification: 10×. (B) The wound closure of TG100-115 treatment at different doses was 
significantly decreased compared with DMSO. 
Note: Statistical significance determined at **p<0.01 and ***p<0.001 using one-way analysis of variance with subsequent Newman–Keuls test, n ≥ 6. 
Abbreviation: DMSO: Dimethyl sulfoxide.
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Our study showed that TG100-115 attenuated PI3K/
Akt signaling. Akt, the central molecule of PI3K/Akt 
signaling, undergoes activation by phosphorylation, 
promoting tumor cell survival, proliferation, migration, 

invasion, and treatment resistance.30 Recently, Akt was 
identified as a direct substrate of TG100-115,31 and kinase-
deficient murine neutrophils confirmed the essential role 
of TRPM7 kinase in neutrophil function via Akt/mTOR 
signaling.32 Our findings exhibited that TG100-115 
markedly reduced Akt phosphorylation. It should be noted 
that TG100-115 was previously recognized as a potent 
PI3K inhibitor, particularly targeting the PI3K-γ and δ 
isoforms.22,23,32 We performed MTT and wound-healing 
assays using PIK-294, a selective blocker of PI3K p110δ. 
A  PI3K p110δ inhibitor was specifically used because 
GBMs express a low level of PI3K p110γ.33 In Figure S4A, 
our data revealed that PIK-294 significantly reduced the 
viability of U251 cells at higher doses (120 and 180 μM), 
but not at lower doses (10, 30, and 60 μM), with 24-h 
incubation. In contrast, TG100-115 significantly reduced 
cell viability even at a lower dose of 30 μM after 24 h of 
incubation. This data suggests that the PI3K inhibitory 
activity of TG100-115 could partially affect the reduction 
of cell viability.

Previous studies have indicated that PI3K p110-δ is 
essential for glioma cell migration and invasion. CAL-
101, a PI3K p110δ-specific inhibitor, has been shown to 
moderately reduce GBM cell proliferation and migration 
without significantly affecting tumor growth in GBM 
xenograft mouse models.34 In our experiment, another PI3K 
p110δ-specific inhibitor, PIK-294, did not significantly 
influence the migration of U251  cells at concentrations 
of 60 and 120 μM (Figure S4B), likely due to the lower 
doses and different cell lines used. In contrast, TG100-
115 significantly reduced migration at the same doses 
(Figure 2). This suggests that the anti-migration effect of 
TG100-115 on U251  cells may be mediated through its 

Figure 5. TG100-115 inhibited U251 cell invasion. (A) The 
representative images are from transwell experiments to detect in vitro 
cell invasion. Scale bar: 50 μm, magnification: ×10. (B) The invasion of 
TG100-115-treated cells (150 μM) was significantly decreased compared 
with DMSO (**p<0.01, Student’s t-test, n = 6). 
Abbreviations: DMSO: Dimethyl sulfoxide.

B

A

Figure 6. The underlying molecular mechanisms are mediated by TG100-115 in U251 cells. U251 cells were treated with TG100-115 (150 μm) for 
24 h, and the protein expression was detected by western blotting. (A) Representative images of western blotting results. (B) TG100-115 significantly 
reduced the ratio of p-Akt/t-Akt. (C) TG100-115 did not change the ratio of p-ERK/t-ERK (p>0.05). (D) TG100-115 significantly increased the ratio of 
p-cofilin/t-cofilin. 
Note: Statistical significance determined at **p<0.01 and ***p<0.001 using Student’s t-test, n = 4. 
Abbreviations: Akt: Protein kinase B; DMSO: Dimethyl sulfoxide; ERK: Extracellular signal-regulated kinase; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase; p: Phosphorylated; t: Total.
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inhibition of TRPM7 kinase, rather than PI3K blockade. 
Further studies using small interfering RNA targeting 
TRPM7 or kinase-mutated cell lines are needed to clarify 
the inhibitory activity of TG100-115 on TRPM7 kinase.

The MAPK/ERK pathway contributes to cancer 
progression and treatment resistance.35 ERK1/2 is activated 
by MEK phosphorylation and phosphorylates transcription 
factors, influences gene expression, and promotes cancer, 
alongside GBM cell proliferation and invasion.36 We 
previously reported that TRPM7 downregulation reduced 
the phosphorylation of ERK1/2.12 However, we observed 
that TG100-115 showed no significant effect on ERK1/2, 
suggesting that TRPM7 regulates MAPK/ERK signaling 
potentially through its channel domain, but not its kinase 
domain. This is worthy of further investigation.

Bcl-2, an anti-apoptotic molecule, is overexpressed in 
GBM37 and other types of cancer,38 enhancing resistance 
to cytotoxic treatments.39 Conversely, Bax, a pro-apoptotic 
Bcl-2 family member, when released from Bcl-2 inhibition 
through pharmacological means, promotes apoptosis in 
GBM cells both in vitro and in vivo.26 Caspase-3 activation 
by cleavage promotes apoptosis.40 Caspase-3 activity is 
modulated by the Bcl-2/Bax balance, where Bax leads to the 
release of cytochrome c and a subsequent cascade of caspase 
activations.13,17 We found that TG100-115 diminished 
Bcl-2 expression and augmented Bax expression, while 
also increasing cleaved caspase-3 expression. Our 
results demonstrate that TG100-115 promotes GBM cell 
apoptosis through the Bcl-2/Bax/caspase-3 pathway, likely 
contributing to its inhibitory effects on GBM cell viability.

Cofilin is crucial for cell motility, particularly in tumor 
cell migration and invasion.29,41 Its phosphorylated state 
suppresses activity, affecting actin filament dynamics and 
cellular movement, thus underscoring its importance in 
cancer metastasis.29,42 Park et al.43 have highlighted cofilin 
upregulation in human GBM tissues and its potential as a 
therapeutic target, with its inhibition reducing glioma cell 
motility.43 Our laboratory has shown that TRPM7 inhibitors 
decreased cofilin activity, hindering GBM cell invasion and 
migration.12,13 Consistently, this study also showed that 
TG100-115 increased cofilin phosphorylation. Intriguingly, 
recent research indicates that the TRPM7 kinase domain 
interacts with cofilin in neuroblastoma cells and mouse 
brains.44,45 Cofilin phosphorylation can also be regulated 
by the Akt/mTOR pathway, influencing melanoma cell 
behaviors, which suggests cofilin as a potential downstream 
effector of Akt signaling.46 Therefore, TRPM7 kinase may 
modulate cofilin activity through Akt-dependent signaling, 
affecting GBM migration and invasion.

TG100-115 was previously identified as a significantly 
more potent inhibitor of the TRPM7 kinase than other 

recognized inhibitors (exhibiting an IC50 of 1.07 ± 
0.14 μM), as demonstrated by utilizing the cyclic adenosine 
monophosphate response element-binding protein peptide 
as an in vitro substrate and adopting an assay system for 
kinase inhibitory compounds.22 Despite the demonstrated 
capability of TG100-115 to reversibly inhibit TRPM7-
like currents, this effect required significantly higher 
concentrations, specifically 100 μM.22 Interestingly, our 
study concluded that TG100-115 does not alter the protein 
expression of TRPM7, indicating that its inhibitory action 
is primarily linked to the kinase domain, rather than 
affecting the overall expression of the TRPM7 channel-
kinase. Such findings highlight the inhibitory potency 
of TG100-115 in targeting the kinase-specific functions 
of TRPM7, making it a valuable tool for studying the 
functional implications of TRPM7 kinase in GBMs.

5. Conclusion
In summary, this study provides compelling in vitro 
evidence for the potential therapeutic efficacy of TG100-
115 in GBMs. The potential molecular mechanism 
underlying the inhibitory effects of TG100-115 on cell 
viability, proliferation, migration, and invasion involves 
blocking TRPM7 kinase, thus altering multiple signaling 
pathways, including Bcl-2/Bax/caspase-3, Akt, and cofilin. 
These findings collectively position TG100-115 as a 
promising candidate for further exploration in preclinical 
and clinical studies.
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