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Abstract

Background Current evidence shows that ML385, a new type of nuclear factor erythroid 2-related factor 2 inhibitor, exerts
a good inhibitory effect on tumors. However, whether MLL385 can regulate the biological behavior of thyroid cancer remains
puzzling.

Objectives We aimed to observe the regulation of MLL385 on biological characteristics such as proliferation, apoptosis,
migration, and invasion of thyroid tumor cells in vitro and clarify the molecular mechanism of regulating glucose metabolism
of tumor cells to lay a foundation for MLL385 as a therapeutic tumor drug.

Results ML385 effectively reduced the viability, proliferation, invasion, migration, glucose consumption, lactate production,
adenosine triphosphate level, and extracellular acidification rate of TPC-1 cells and concentration-dependently promoted
TPC-1 cell apoptosis, indicating that ML.385 inhibited the biological behavior thyroid cancer cell and aerobic glycolysis
in vitro. Moreover, the above cellular behaviors were not significantly altered when 2-DG was added to ML385 treatment,

suggesting that the inhibition of glycolysis by 2-DG may partially block the effect of ML385 on thyroid cancer cells.
Conclusions ML385 inhibits the biological behavior of thyroid cancer cells by impairing aerobic glycolysis.

Keywords Thyroid cancer - Glycolysis - ML385 - 2-DG

Introduction

The Global Cancer Statistics 2020 analyzed the incidence
and mortality of 36 cancers in 185 countries. Globally, 586
000 cases of thyroid carcinoma have been recorded, which
was higher than 567 000 cases in 2018, still ranking ninth
in terms of incidence (Chen et al. 2023). The etiology of
thyroid carcinoma is unknown, and ionizing radiation is
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currently the only established risk factor. Smoking, hor-
mones, environmental pollutants, iodine, chemical car-
cinogens, and gene mutations may be risk factors for thy-
roid cancer. Among them, iodine deficiency or excessive
iodine intake may lead to thyroid cancer (Laha et al. 2020).
Although most patients have a good prognosis after treat-
ment, 10-15% of patients with thyroid cancer will have
recurrence and metastasis after treatment, which leads to
local recurrence and dropping of the overall survival rate to
70-85% in patients with thyroid cancer (Tuttle 2018). The
treatment of thyroid carcinoma is mainly based on surgery,
thyroid hormone suppression therapy, and drugs. The U.S.
Food and Drug Administration and the European Medicines
Agency have approved two kinase inhibitors for the treat-
ment of differentiated thyroid cancer, namely, sorafenib and
lenvatinib, which are multikinase inhibitors with antiangio-
genic properties. In addition, China has completed the phase
III trial of lenvatinib, demonstrating that it can improve the
prognosis of patients. These drugs are expected to be used
in the treatment of advanced thyroid cancer with exten-
sive metastasis, for example, the prognosis of patients with
advanced lung metastasis is also improved. However, they
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still have some side effects such as hypertension, diarrhea,
rash, fatigue, weight loss, and stomatitis (Cabanillas et al.
2019). Moreover, they may increase the concentration of
thyroid hormones. Therefore, the molecular mechanisms
underlying thyroid cancer development must be elucidated,
and promising thyroid cancer therapies established.

Aerobic glycolysis, one of the considerable features of
tumor metabolic reprogramming, is closely related to the
biological characteristics of tumors such as proliferation,
metastasis, and drug resistance. Aerobic glycolysis was
found in>90% of tumors and was gradually used in the
diagnosis and treatment of various tumors (Ganapathy-
Kanniappan and Geschwind 2013). In cancer cells, 60% of
adenosine triphosphate (ATP) is derived from aerobic gly-
colysis, and associated enzymes, metabolites, and related
factors are also closely related to tumor development
(Abbaszadeh et al. 2020). Aerobic glycolysis may also exist
in thyroid cancer (Huang et al. 2022); however, its mecha-
nism of action has not been thoroughly studied.

In recent years, the metabolic reprogramming of thy-
roid cancer cells and redox homeostasis imbalance caused
by a hypoxic microenvironment have gradually become a
research hotspot, and the nuclear factor E2-related factor
2 (NRF2) system, one of the centers regulating the cellular
oxidative stress response, has attracted increasing attention.
NRF2 is one of the most important nuclear transcription
factors of antioxidant response in vivo and participates in
the maintenance of intracellular redox homeostasis (He
et al. 2020). NRF2 is closely related to breast (Zhang et al.
2019a), lung (Sanchez-Ortega et al. 2021), colorectal (Li
et al. 2022a), gastric (Farkhondeh et al. 2021), and pancre-
atic (Cykowiak and Krajka-Kuzniak 2021) cancers. Dai et al.
(Dai et al. 2022) revealed that NRF2 knockdown reduced
glucose uptake, lactate products, and ATP levels and down-
regulated the expression of glycolysis-related proteins HK2
and LDHA, which subsequently suppressed the prostate can-
cer tumor volume and tumor weight in vivo. Recently, NRF2
was discovered to be widely activated in thyroid cancer
cells. Silencing NRF2 can materially inhibit its activity and
maturity and strikingly weaken its migration and infiltration
ability. It can reduce tumorigenicity and improve sensitivity
to rivatinib (Gong et al. 2021). This evidence suggests that
NRF?2 has great potential as a key target in inhibiting gly-
colysis in thyroid cancer cells, and targeting the glycolysis
pathway may be a feasible and effective method to inhibit
the progression of thyroid cancer.

ML385 was reported to be a potent inhibitor of the NRF2
pathway, inhibiting NRF2 nuclear translocation. According
to Wang et al. (Wang et al. 2022), dexmedetomidine could
reduce and alleviate myocardial infarction and improve car-
diac function and inflammation by activating the NRF2 path-
way, and this protective effect was counteracted by ML385.
Liu et al. (Lin et al. 2020) did not observe the protective
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effect of gallic acid in improving gouty arthritis in mice after
blocking NRF2 with ML385 addition. In addition, JI et al.
(Ji et al. 2023) used ML385 to intervene in lung squamous
cell carcinoma and noted that MLL.385 enhanced the growth
inhibition in lung squamous cell carcinoma via a pan-PI3K
inhibitor. However, whether ML385 can regulate the bio-
logical behavior and glycolysis of thyroid cancer remains
unclear.

Thus, we aimed to observe ML385 regulation on biologi-
cal characteristics such as proliferation, apoptosis, migra-
tion, and invasion of thyroid tumor cells in vitro and clarify
the molecular mechanism of regulating glucose metabolism
of tumor cells to lay a foundation for ML385 as a therapeutic
tumor drug.

Materials and methods
Cell culture and treatment

The human thyroid cancer TPC-1 cell line was obtained
from the Shanghai Cell Bank of the Chinese Academy of
Sciences and deposited in the Central Laboratory of the
First Hospital of Putian City. TPC-1 cells were grown in
monolayer adherent Dulbecco’s modified eagle medium
(DMEM) containing 10% fetal bovine serum (FBS) and
100 U/mL penicillin G and streptomycin solution in a 5%
CO, incubator at 37 °C and saturated humidity. Logarithmic
phase cells were treated with ML385 (TargetMol Chemicals
Inc., MA, USA) at different doses (0, 5, and 10 pM) for 24 h.
Subsequently, the collected cells were further divided into
four groups, namely control, ML385, 2-DG (WARBIO, Nan-
jing, China), and 2-DG + ML385, with ML385 and 2-DG
concentrations of 10 and 15 pM, respectively. Finally, the
cells were collected for further cell behavior experiments.

Cell viability assay

In each group, TPC-1 cells (3 10° cells/mL) were seeded
in 96-well plates (100 pL/well) and cultured for 24 h. More-
over, 10 pL of the Cell Counting Kit-8 (CCK-8) reagent
(MLbio, Shanghai, China) was added to each well for detec-
tion at 24 h, and incubation was continued for 3 h at 37 °C.
The absorption coefficient of each hole at 450-nm wave-
length was measured by a microplate meter. The experiment
was repeated three times with three compound holes.

Cell proliferation assay

The bottom layer of the agar was prepared as usual and
added to a 24-well plate at 0.8 mL/well. After the agar was
completely solidified at room temperature, the cells were
digested and counted, the density of the cell suspension was
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adjusted to 1x 10*/mL, and 10 mL of the cell suspension was
prepared. The upper layer of the agar was routinely prepared
and added to the 24-well plate in which the lower layer had
solidified. Each group was set up with four replicate wells
according to 0.8 mL/well. After 14 days of culture in vitro
with 5% CO, at 37 °C, the cells were stained with crystal
violet. Cells with a cell count of > 50 were observed under a
microscope, and the number of clones was calculated.

Cell apoptosis assay

Following drug treatment, the cells of each group were cul-
tured in a 24-well plate for 24 h, and the starting number of
cells was 5.0 x 10%well. Then, the cells of each group were
collected, and cell apoptosis was evaluated using Annexin
V-FITC/PI kit (Absin, Shanghai, China).

Cell invasion assay

In each group, TPC-1 cells were digested with 0.25% trypsin
and then added to the DMEM culture medium to prepare the
cell suspension (2.5 % 10° cells/mL). The cell suspension was
added to the upper chamber of the Matrigel-coated Tran-
swell (200 pL/well) (Corning, USA), the culture medium
containing 10% FBS was added to the lower chamber of
Transwell (600 pL/well), and the culture was continued for
24 h. After washing with PBS, the plates were fixed with
paraformaldehyde for 20 min and stained with 0.1% crystal
violet for 10 min. The number of invasive cells was observed
by microscopy. Three replicate wells were set up for the
experiment, and each well was repeated three times.

Cell migration assay

Cells in a good growth state and logarithmic growth phase
were digested and counted, and the density of the cell sus-
pension was adjusted to 6 x 10*/mL and seeded into 96-well
plates. After the cells were overgrown, a scratch assay was
performed using a scratch apparatus. The medium was then
changed, the 96-well plate was placed under a microscope,
and cells were photographed at O h. After 24 h, pictures were
taken again to observe cell migration.

Glycolysis assay

The cell culture medium was collected after 24 h of cultur-
ing TPC-1 cells using DMEM without phenol red. The extra-
cellular acidification rate (ECAR) was determined by the
Seahorse Assay Kit (MLbio). Glucose intake was measured
using a Glucose Assay Kit (Abcam, UK). Lactate production
was determined using a Lactate Detection Kit (MLbio). ATP
levels were evaluated using the CellTiter-Glo luminescent
cell viability assay (MLbio).

Western blot assay

In each group, the TPC-1 cells were added with 400 pL
of RIPA lysate to extract the total protein, and the protein
concentration was checked by the bicinchoninic acid assay.
Proteins were separated by polyacrylamide gel electro-
phoresis and blocked by 5% nonfat milk powder for 2 h.
Then, the primary and secondary antibody diluents were
incubated, respectively; the reaction conditions for the pri-
mary antibody diluent and the anti-diluent were incubation
at 4 °C for 24 h and incubation at room temperature for 1 h,
respectively. After washing the protein with TBST, enhanced
chemiluminescence was added and exposed to develop in a
dark room. Finally, Image] was used to analyze the gray-
scale value of each band. Antibody information is listed in
Table S1. Three replicate wells were set up, and each well
was repeated three times.

Statistical analysis

Experimental data were statistically analyzed using Graph-
Pad version 8.0. All experiments were conducted as trip-
licate independent experiments, and the one-way analysis
of variance was used in the comparison of three or more
groups, and a t-test was used between two groups, with
P <0.05 indicating a significant difference.

Results

ML385 suppresses the proliferation and induces
the apoptosis of thyroid carcinoma cells

CCK-8 was applied to check the inhibitory effect of ML385
in different concentration gradients (0, 5, and 10 pM) on
the activity of TPC-1 cells. Figure 1A displays the chemical
structural formula, molecular formula, and molecular weight
of ML385. The CCK-8 assay displayed that ML.385 concen-
tration- and time-dependently suppressed TPC-1 cell via-
bility, particularly when TPC-1 cells were intervened with
10 pM of ML385 for 24, 48, and 72 h, and the cell viability
nearly did not increase. Statistical results revealed that the
suppressed effect of ML385 on cell activity was enhanced
with increased drug concentration and extended action time,
showing dose and time dependence (Fig. 1B). Colony forma-
tion assays were also applied to assess the effect of ML385
on TPC-1 cell proliferation. As shown in Fig. 1C, the cell
proliferation ability was dose-dependently inhibited under
treatment with 5 and 10 pM ML385, as shown by the reduc-
tion in the number of cell clones. The apoptosis rates of
TPC-1 cells treated with 0, 5, and 10 pM ML385 for 48 h
were 4.99 +0.93, 14.96 +£0.81, and 22.89 +2.06, respec-
tively, suggesting that MLL385 could promote cell apoptosis
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«Fig. 1 ML385 constraints the proliferation and induces the apoptosis
of thyroid carcinoma cells. A Chemical structure, name, molecular
formula, and molecular weight of ML385. B CCK-8 assay measure-
ment of the viability of TPC-1 cells at 24, 48, and 72 h, which were
intervened with 0, 5, and 10 pM ML385. C Colony formation meas-
urement of TPC-1 cell proliferation, which was intervened with 0, 5,
and 10 pM ML385. D Annexin V/PI double-staining method meas-
urement of the apoptotic ratio of TPC-1 cells, which was intervened
with 0, 5, and 10 pM ML385. E Western blotting measurement of the
protein levels of BAX and cleaved-caspase3 in TPC-1 cells, which
was intervened with 0, 5, and 10 pM ML385. Data are presented as
mean=+ SEM. *P <0.05, **P <0.01, ***P <0.001 vs the 0 pM group,
n=3

(Fig. 1D). The expressions of apoptosis-related proteins in
TPC-1 cells were further analyzed, and the results showed
that the expression levels of apoptosis marker proteins Bcl-
2-associated X protein (BAX) and cleaved-caspase3 were
remarkably upregulated in TPC-1 cells following ML385
treatment in a dose-dependent manner (Fig. 1E). Therefore,
ML385 treatment preeminently repressed thyroid cancer cell
proliferation and induced apoptosis.

ML38S5 restricts the migration and invasion
of thyroid carcinoma cells

Transwell and cell scratch assays are classical methods to
verify the effects on tumor cell motility performance, which
have the advantages of being reproducible and easy to quan-
tify. Accordingly, Transwell and wound-healing assays were
performed to determine the effect of ML385 treatment on
TPC-1 cell invasion and migration. The wound-healing test
displayed that the average scratch width of the 5 and 10 uM
groups was larger than that of the 0 pM group, particularly
the 10 pM group 24 h after scratch treatment (Fig. 2A). Fur-
ther, the Transwell invasion assay demonstrated that ML.385
at 5 and 10 pM conspicuously reduced the number of TPC-1
cells crossing the polycarbonate membrane (Fig. 2B). There-
fore, the findings indicated that ML385 treatment did seri-
ously affect the invasive and migratory phenotypes of TPC-1
cells, and the suppressed effect was more obvious with the
increase in ML385 concentration.

The glycolysis of thyroid carcinoma cells is impaired
following ML385 treatment

Glycolysis, the process of glucose uptake and metabolism,
is fundamental to the maintenance of life. Considering that
changes in the energy metabolism of tumor cells have a cer-
tain effect on tumor cell proliferation, ML385 was used to
study the energy metabolism of TPC-1 cells. These cells
were treated with 10 pM ML385 under normoxic conditions
for 24 h, and the ECAR, lactate and glucose contents, and
ATP levels in the supernatant were measured. The ECAR
based on the Seahorse assay suggested that the ECAR was

preeminently reduced after ML385 addition (Fig. 3A, B).
Moreover, ML385 treatment remarkably reduced glucose
uptake (Fig. 3C) and lactate production (Fig. 3D) in cells.
Finally, ML385 treatment strikingly prevented the level
of intracellular ATP production in TPC-1 cells (Fig. 3E).
Therefore, ML385 suppressed ECAR, lactate production,
glucose consumption, and ATP level in thyroid carcinoma
cells, indicating the inhibition of aerobic glycolysis in thy-
roid carcinoma cells.

Glycolysis inhibition by 2-DG partly blocks
the effects of ML385 on thyroid carcinoma cells

2-DG, a glycolysis inhibitor, was included to examine the
effect of ML385 on the active phenotype of thyroid cancer
cells. 2-DG, as a glycolysis inhibitor, can reduce glycolysis-
like ATP content, glucose uptake, and lactate production
by inhibiting glycolysis. In this study, 2-DG and ML385
were added to the TPC-1 cell culture medium, either sepa-
rately or alone, and cell proliferation, apoptosis, invasion,
and migration after 24 h were assessed. The results revealed
that the proliferation (Fig. 4A), activity (Fig. 4C), migration
(Fig. 4E), and invasion (Fig. 4F) ability of TPC-1 cells were
significantly decreased following 2-DG treatment, whereas
the apoptosis rate (Fig. 4B) and protein levels of BAX and
cleaved-caspase3 (Fig. 4D) increased. Interestingly, the
above cell behaviors did not change observably after adding
2-DG based on ML385 treatment, suggesting that the inhibi-
tion of glycolysis by 2-DG may partially block the effect of
ML385 on thyroid cancer cells.

Discussion

Thyroid cancer is a common type of endocrine-related
malignant tumor, with rapidly increasing incidence in recent
years. Recent research on the key molecules regulating
papillary thyroid carcinoma has been a hot spot in medical
research, which has a high translational significance for the
prevention and treatment of postoperative metastasis. Pre-
vious studies have found that NRF2 plays a dual regulatory
role in tumor occurrence and development, that is, its role is
completely different. NRF2 can inhibit the occurrence of a
few tumors by inhibiting oxidative stress-induced cell dam-
age and exerting anti-inflammatory effects (Menegon et al.
2016). However, NRF2 activation caused by gene mutation
or other reasons has been observed in many cancers, which
can facilitate the adaptation of cancer cells to the harsh
internal environment and induce metabolic reprogramming,
thereby supporting the rapid proliferation and invasion of
cancer cells (Schmidlin et al. 2021). Thus, NRF2 is essen-
tial for tumor growth once in situ tumors have developed.
NRF2 gene expression is increased in thyroid cancer tissues
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Fig.2 ML385 suppresses the migration and invasion of thyroid car-
cinoma cells. A Cell scratch assay measurement of TPC-1 cell migra-
tion, which was intervened with 0, 5, and 10 pM ML385 (scale bar,
100 pm). B Transwell assay measurement of the invasion ability of

Fig.3 The glycolysis of thyroid
carcinoma cells is impaired
following ML385 treatment.

A, B Seahorse assay measure-
ment of ECAR in TPC-1 cells,
which was intervened with

10 pM ML385. C Glucose
determination kit measurement
of the glucose uptake in TPC-1
cells, which was intervened
with 10 pM ML385. D Lactic
acid detection kit measurement
of the relative lactate produc-
tion in TPC-1 cells, which was
intervened with 10 pM ML385.
E CellTiter-Glo luminescent
cell viability assay measure-
ment of the ATP level in TPC-1
cells, which was intervened
with ML385 at 10 pM. Data
are presented as mean + SEM.
*P<0.05, #*P<0.01,

*#%P <(0.001 vs control group,
n=3
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and has a significant tendency to tumorigenesis. This indi-
cates that it can be used as a prognostic marker or thera-
peutic target. Therefore, the search for methods or drugs
that can block abnormal NRF2 expression may be a prom-
ising strategy for the treatment of advanced thyroid cancer.
ML385 is a potent inhibitor of the NRF2 pathway, which can
react with NRF2 to affect the DNA-binding activity of the
NRF2-MAFG protein complex. According to Anju Singh
et al. (Singh et al. 2016), ML385 exhibited significant anti-
tumor activity in combination with carboplatin by inhibiting
NRF?2 expression. Zhang et al. (Zhang et al. 2022) found that
NRF2 inhibitor ML385 conspicuously inhibited the prolif-
eration activity, invasive phenotype, and tumorigenicity of
CRPC cells in vitro, which provided evidence that NRF2 is a
key regulator and ML385 is a potential therapeutic option for
prostate cancer by targeting NRF2. Of note, Luo et al. (Luo
et al. 2022) proposed that ML.385 effectively enhanced the
anti-anaplastic thyroid cancer effect of pexidartinib in vivo.
Therefore, ML385 can constrict the proliferative activity
and invasive phenotype of various cancer cells. Tumor cell
invasion and metastasis are one of the main causes of cancer
recurrence and death in patients with cancer. Therefore, we
speculate that MLL385 may suppress the proliferation, inva-
sion, migration, and apoptosis of TPC-1 by inhibiting its
activity. The results confirmed that ML385 could inhibit the
activity, proliferation, invasion, and migration and increased
the apoptosis of TPC-1 cells, indicating that ML385 could
inhibit the development of thyroid cancer cells in vitro.
Recently, tumor energy metabolism can affect tumor
occurrence and development, and other biological events
have attracted the attention of many scholars. It is a new
research direction in the anticancer field to cut off the abnor-
mal increase in the glycolysis level in tumor cells. The dys-
regulation of energy metabolism is considered one of the
characteristics of cancer (Koppenol et al. 2011; Chelakkot
et al. 2023). Biological events such as cell proliferation,
invasion, and metastasis require large amounts of energy
consumption. As the main end product of aerobic glycoly-
sis, the microenvironment of lactate promotes the infiltration
of cancer cells and reduces the antitumor immune function
of the body (Li et al. 2022b). The Warburg effect of can-
cer cells is often accompanied by high levels of metabolite
lactate production, glucose consumption, and abnormally
active glycolysis (Rabinowitz and Enerbick 2020). Although
large amounts of glucose are consumed during glycolysis,
the corresponding amount of ATP produced is not and is
much lower than the amount of ATP produced under normal

conditions (Bartman et al. 2023). Tumor cells use special
metabolic methods to obtain energy and materials, build cell
structures, and meet unrestricted cell proliferation. In this
study, the concentrations of glucose, lactate, and ATP in
the supernatant of TPC-1 cells were detected in vitro, and
ML385 treatment of TPC-1 cells effectively reduced glucose
consumption, lactate production, ATP levels, and ECAR,
which confirmed that MLL385 could effectively inhibit aero-
bic glycolysis of thyroid cancer cells. Subsequently, anaero-
bic respiration inhibitor 2-DG was employed to investigate
whether the inhibition of glycolysis in TPC-1 cells by 2-DG
affected the ML385-induced regulation of cell proliferation,
apoptosis, invasion, and migration. 2-DG, a glucose analog,
targets glucose metabolism to consume the energy of cancer
cells, and it can effectively slow the cell growth of specific
cancer cells and promote their apoptosis (Zhang et al. 2014).
Zhang et al. (Zhang et al. 2019b) found that 2-DG treatment
induced apoptosis and inhibited cell proliferation, migration,
and invasion by repressing glycolysis in breast cancer cells.
Bikas et al. (Bikas et al. 2015) proposed that the introduction
of 2-DG increases the sensitivity of thyroid cancer cells to
metformin and may represent a novel strategy for the treat-
ment of thyroid cancer. The results of this study confirmed
that the above cell behaviors were not significantly changed
after 2-DG was added based on ML385 treatment, suggest-
ing that the inhibition of 2-DG on glycolysis may partially
block the effect of MLL385 on thyroid cancer cells.

In conclusion, this study validated the effect of ML385
on the biological behavior and glycolysis levels of thyroid
cancer cells by applying CCK-8, clone formation, Tran-
swell, cell scratch, glucose uptake, and lactate production
experiments. ML385 was confirmed to inhibit the prolif-
eration, migration, and invasion of thyroid cancer cells
and induce apoptosis, and this phenomenon was achieved
by inhibiting glycolysis. Our results provide a new idea
for ML385 as a therapeutic drug for thyroid cancer and
lay a foundation for further research on ML385 function
in thyroid cancer.

Nevertheless, this study has some limitations. First, the
specific molecular mechanism by which ML385 affects glyc-
olysis in thyroid cancer cells has not been deeply elucidated.
Second, the therapeutic effect of ML385 on thyroid cancer
and its effect on glycolysis have not been verified in animal
experiments, which are limited to in vitro cell experiments.
Finally, this study used a single cell line, and the effect of
ML385 on normal thyroid cells and drug-resistant thyroid
cancer cell lines was not investigated. We will conduct more
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«Fig.4 Glycolysis inhibition by 2-DG partly blocks the effects of
ML385 on thyroid carcinoma cells. A Clone formation measure-
ment of TPC-1 cell proliferation, which intervened with 10 pM
ML385 or/and 15 pM 2-DG. B Annexin V/PI double-staining assay
measurement of TPC-1 cell apoptosis, which was intervened with
10 pM ML385 or/and 15 pM 2-DG. C CCK-8 assay measurement
of TPC-1 cell viability, which was intervened with 10 pM ML385
or/and 15 pM 2-DG. D Western blotting measurement of the pro-
tein levels of BAX and cleaved-caspase3 in TPC-1 cells, which was
intervened with 10 pM ML385 or/and 15 pM 2-DG. (E) Cell scratch
assay measurement of TPC-1 cell migration, which was intervened
with 10 pM ML385 or/and 15 pM 2-DG (scale bar, 100 pm). F
The Transwell assay measurement of the invasion ability of TPC-1
cells, which was intervened with 10 pM ML385 or/and 15 pM 2-DG
(scale bar, 100 pm). Data are presented as mean+SEM. *P <0.05,
**P<0.01, ***P<0.001, n=3

research to provide deeper ideas for ML385 as a therapeutic
drug for thyroid cancer.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13273-023-00395-6.
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