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Background: Magnesium isoglycyrrhizinate (MI) was extracted from roots of the plant 
Glycyrrhiza glabra, which displays multiple pharmacological activities such as anti- 
inflammation, anti-apoptosis, and anti-tumor. Here, we aimed to investigate the effect of 
MI on the progression and epithelial–mesenchymal transition (EMT) of laryngeal cancer.
Methods: Forty laryngeal cancer clinical samples were used. The role of MI in the 
proliferation of laryngeal cancer cells was assessed by MTT assay, Edu assay and colony 
formation assay. The function of MI in the migration and invasion of laryngeal cancer cells 
was tested by transwell assays. The effect of MI on apoptosis of laryngeal cancer cells was 
determined by cell apoptosis assay. The impact of MI on tumor growth in vivo was analyzed 
by tumorigenicity analysis using Balb/c nude mice. qPCR and Western blot analysis were 
performed to measure the expression levels of gene and protein, respectively.
Results: We identified that EMT-related transcription factor Twist was significantly elevated 
in the laryngeal cancer tissues. The expression of Twist was also enhanced in the human 
laryngeal carcinoma HEP-2 cells compared with that in the primary laryngeal epithelial cells. 
The high expression of Twist was remarkably correlated with poor overall survival of 
patients with laryngeal cancer. Meanwhile, our data revealed that MI reduced cell prolifera-
tion, migration and invasion and enhanced apoptosis of laryngeal cancer cells in vitro. 
Moreover, MI decreased transcriptional activation and the expression levels of NF-κB and 
Twist, and alleviated EMT in vitro and in vivo. MI remarkably inhibited tumor growth and 
EMT of laryngeal cancer cells in vivo.
Conclusion: MI restrains the progression of laryngeal cancer and induces an inhibitory 
effect on EMT in laryngeal cancer by modulating the NF-κB/Twist signaling. Our finding 
provides new insights into the mechanism by which MI inhibits laryngeal carcinoma devel-
opment, enriching the understanding of the anti-tumor function of MI.
Keywords: laryngeal cancer, progression, EMT, magnesium isoglycyrrhizinate, Twist, NF- 
κB signaling

Introduction
Laryngeal cancer is one of the most prevalent malignancies of the respiratory 
system, accounting for 26% to 30% of head and neck cancers.1,2 Almost 95% of 
the histologic pathogeny of laryngeal cancer is laryngeal squamous carcinoma, and 
the survival incidence of patients is low.3 Despite the development of new strategies 
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in surgery, chemotherapy, and radiation, the targeted treat-
ment of laryngeal cancer is still a challenge.4 Thus, iden-
tification of safe and effective treatment candidates for 
laryngeal cancer is urgently needed. Epithelial–mesenchy-
mal transition (EMT) serves as a cellular program, in 
which cells drop their epithelial features and gain 
mesenchymal characteristics.5,6 EMT is correlated with 
multiple tumor progressions, such as resistance to therapy, 
blood intravasation, tumor initiation, tumor cell migration, 
tumor stemness, malignant progression, and metastasis.7–9 

As a critical process of cancer development, EMT contri-
butes to the development of laryngeal cancer. It has been 
reported that the combination of photodynamic therapy 
and carboplatin suppresses the expression of MMP-2/ 
MMP-9 and EMT of laryngeal cancer by ROS-inhibited 
MEK/ERK signaling.10 EZH2 increases metastasis and 
aggression of laryngeal squamous cell carcinoma through 
the EMT program by modulating H3K27me3.11 However, 
investigation about the inhibitory candidates of EMT in 
laryngeal cancer remains limited.

Nutraceutical agents display a unique therapeutic activity 
to treat diseases such as inflammation and cancer.12–17 

Glycyrrhizic acid (GA) is extracted from the roots of licorice 
and serves as a major component of licorice, presenting 
multiple biomedical activities, such as anti-oxidant and anti- 
inflammatory.18 Magnesium isoglycyrrhizinate (MI), refined 
from GA, is a18-α-GA stereoisomer magnesium salt and 
demonstrates a better activity than 18-β-GA.19 As a natural 
and safe compound, MI shows many biomedical activities 
such as anti-inflammation capacities,20 anti-apoptosis21 and 
anti-tumor.22 It has been reported that MI inhibits fructose- 
modulated lipid metabolism disorder and activation of the 
NF-κB/NLRP3 inflammasome.23 MI reduces paclitaxel in 
patients with epithelial ovarian cancer managed with cispla-
tin and paclitaxel.24 Moreover, MI attenuates high fructose- 
induced liver fibrosis and EMT by upregulating miR-375-3p 
to overcome the TGF-β1/Smad pathway and JAK2/STAT3 
signaling.25 However, the role of MI in cancer development 
is unknown. The effect of MI on the progression and EMT of 
laryngeal cancer remains unreported.

Many transcription factors, such as Twist, serve as 
molecule switches in EMT progression.26 Twist is 
a crucial transcription factor for the modulating of EMT, 
which advances cell invasion, migration, and cancer metas-
tasis, conferring tumor cells with stem cell-like properties 
and providing therapy resistance.27,28 The function of Twist 
in EMT of cancer development has been well reported. 
Disrupting the diacetylated Twist represses the progression 

of Basal-like breast cancer.29 The activation of Twist pro-
motes progression and EMT of breast cancer.30 The inhibi-
tion of Twist limits the stem cell features and EMT of 
prostate cancer.31 Twist serves as a critical factor in promot-
ing metastasis of pancreatic cancer.32 Besides, tumor necro-
sis factor α provokes EMT of hypopharyngeal cancer and 
induces metastasis through NF-κB signaling-regulated 
expression of Twist.33 NF-κB/Twist signaling is involved 
in the mechanism of Chysin inhibiting stem cell character-
istics of ovarian cancer.34 Repression of the NF-κB/Twist 
axis decreases the stemness features of lung cancer stem 
cell.35 Down-regulation of TWIST reduces invasion and 
migration of laryngeal carcinoma cells by controlling the 
expression of N-cadherin and E-cadherin.36 The expression 
of Twist displays the clinical significance of laryngeal 
cancer.37 However, whether NF-κB and Twist are involved 
in the biomedical activities of MI is unclear.

In this study, we aimed to explore the function of MI in 
the development and EMT process of laryngeal cancer. We 
identified a novel inhibitory effect of MI in the progression 
and EMT of laryngeal cancer by regulating the NF-κB/ 
Twist signaling.

Methods
Laryngeal Cancer Clinical Samples
A total of 40 laryngeal cancer clinical samples used in this 
study were obtained from the Second Affiliated Hospital, 
Harbin Medical University between June 2016 and 
August 2018. All the patients were diagnosed by clinical, 
radiographic, and histopathological analysis. Before sur-
gery, no systemic or local therapy was performed on the 
subjects. The laryngeal cancer tissues (n = 40) and adja-
cent normal tissues (n = 40) obtained from the patients 
were immediately frozen into liquid nitrogen and stored at 
−80 °C before use. The clinical laryngeal cancer samples 
were separated into two groups according to the mean 
expression of Twist. The overall survival was analyzed 
by Kaplan–Meier survival analysis. The patients and 
healthy controls provided written informed consent, and 
that the Ethics Committee of The Second Affiliated 
Hospital, Harbin Medical University approved this study.

Cell Culture and Treatment
The human laryngeal carcinoma cells HEP-2 and primary 
laryngeal epithelial cells LEC-P were purchased from 
American Type Tissue Culture Collection. Cells were cultured 
in DMEM (Solarbio, China) containing 10% fetal bovine 
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serum (Gibco, USA), 0.1 mg/mL streptomycin (Solarbio, 
China) and 100 units/mL penicillin (Solarbio, China) at 37 ° 
C with 5% CO2. The Magnesium isoglycyrrhizinate (MI) 
(purity > 98%) was obtained from Zhengda Tianqing 
Pharmaceutical Co., Ltd (Jiangsu, China). Cells were treated 
with MI of indicated dose before further analysis.

Quantitative Reverse Transcription-PCR 
(qRT-PCR)
Total RNAs were extracted using TRIZOL (Invitrogen, 
USA), followed by reverse transcription into cDNA. The 
qRT-PCR reactions were prepared using the SYBR Real- 
time PCR I kit (Takara, Japan). GAPDH was used as the 
internal control. The qRT-PCR experiment was conducted 
in triplicate. The primer sequences were as follows:

Twist forward: 5′-CGCTGAACGAGGCATTTGC-3′
Twist reverse: 5′-CCAGTTTGAGGGTCTGAATC-3′
Slug forward: 5′-GTGTTTGCAAGATCTGCGGC-3′
Slug reverse: 5′-GCAGATGAGCCCTCAGATTTGA-3′
ZEB1 forward: 5′-CCCCAGGTGTAAGCGCAGAA-3′
ZEB1 reverse: 5′-TGGCAGGTCATCCTCTGGTAC 

AC-3′
Snail forward: 5′-CCACACTGGTGAGAAGCCTTT 

C-3′
Snail reverse: 5′-GTCTGGAGGTGGGCACGTA-3′
GAPDH forward: 5′-AAGAAGGTGGTGAAGCAG 

GC-3′.
GAPDH reverse: 5′-TCCACCACCCAGTTGCTGT 

A-3′

MTT Assays
MTT assays were conducted to measure cell viability of 
HEP-2 cells. Briefly, about 1 × 104 HEP-2 cells were put 
into 96 wells and cultured for 12 h. Cells were then added 
with 10 μL MTT solution (5 mg/mL) (Sigma, USA) and 
cultured for another 4 h. The culture medium was dis-
carded, and 150 μL/well DMSO (Thermo, USA) was 
added to the wells. An ELISA browser was used to ana-
lyze the absorbance at 570 nm (Bio-Tek EL 800, USA).

EdU Assays
The cell proliferation was analyzed by EdU assays using 
EdU detecting kit (RiboBio, China). Briefly, HEP-2 cells 
were cultured with EdU for 2 h, followed by fixation with 
4% paraformaldehyde at room temperature for 30 min. Then, 
cells were permeabilized with 0.4% Triton X-100 for 10 min 
and stained with staining cocktail of EdU at room 

temperature for 30 min in the dark. Next, nuclear of the 
cells was stained with Hoechst at room temperature for 30 
min. Images were analyzed using a fluorescence microscope.

Colony Formation Assay
About 1 × 103 HEP-2 cells were layered in 6 wells and 
incubated in DMEM at 37 °C. After two weeks, cells were 
cleaned with PBS Buffer, made in methanol for 30 min, 
and dyed with 1% crystal violet. The number of colonies 
was then calculated.

Transwell Assays
Transwell assays were conducted to evaluate the impacts of 
MI on cell invasion and migration of HEP-2 cells using 
a Transwell plate (Corning, USA). Briefly, the upper chambers 
were plated with about 1 × 105 cells. Cells were then solidified 
using 4% paraformaldehyde and dyed with crystal violet. The 
invaded and migrated cells were recorded and calculated.

Analysis of Cell Apoptosis
Approximately 2 × 105 HEP-2 cells were plated on 6-well 
dishes. Cell apoptosis was detected using the Annexin 
V-FITC Apoptosis Detection Kit (CST, USA) following 
the manufacturer’s instructions. Briefly, cells were collected 
and washed with binding buffer (BD Biosciences, USA), and 
then dyed at 25 °C, followed by flow cytometry analysis.

Luciferase Reporter Gene Assay
Luciferase reporter gene assay was performed using the 
Dual-luciferase Reporter Assay System (Promega, USA). 
Briefly, cells were treated MI as indicated dose, followed 
by transfection with pGL3-NF-κB and pGL3-Twist using 
Lipofectamine 3000 (Invitrogen, USA). Luciferase activities 
were detected and Renilla was used as a normalized control.

Western Blot Analysis
Total proteins were extracted from cells or tumor tissues 
using RIPA buffer (CST, USA). Protein concentrations 
were measured using the BCA Protein Quantification Kit 
(Abbkine, USA). Same amount of protein samples was sepa-
rated by SDS-PAGE (12% polyacrylamide gels), transferred 
to PVDF membranes (Millipore, USA) in the subsequent 
step. The membranes were blocked with 5% milk and incu-
bated with the primary antibodies for Twist (1:1000) 
(Abcam, UK), E-Cadherin (1:1000) (Abcam, UK), occluding 
(1:1000) (Abcam, UK), vimentin (1:1000) (Abcam, UK), 
N-cadherin (1:1000) (Abcam, UK), Ki-67 (1:1000) 
(Abcam, UK), IKK (1:1000) (Abcam, UK), NF-κB p65 
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(1:1000) (Abcam, UK), NF-κB (1:1000) (Abcam, UK), and 
β-actin (1:1000) (Abcam, UK) at 4 °C overnight, in which β- 
actin served as the control. Then, the corresponding second 
antibodies (1:1000) (Abcam, UK) were used to incubate the 
membranes at room temperature for 1 h, followed by visua-
lization using an Odyssey CLx Infrared Imaging System. 
ImageJ software was used to quantify the results.

Analysis of Tumorigenicity in Nude Mice
The effect of MI on tumor growth in vivo was analyzed in nude 
mice of Balb/c. Mice were randomly separated into two groups 
(n = 3). To establish the in vivo tumor model, HEP-2 cells were 
treated with MI (300 mg/kg) or equal volume of saline. And 
about 2 × 106 cells were subcutaneously injected into mice. 
After 7 days of injection, tumor growth was measured every 7 
days. The mice were sacrificed after 35 days of injection and 
tumors were scaled. Tumor volume (V) was observed by 
estimating the length (L) and width (W) with calipers and 
measured with the formula (L ×W2) × 0.5. The expression 
levels of Ki-67 of tumor tissues were measured by immuno-
histochemical staining with the Ki67 antibody (1:1000) 
(Abcam, UK). Protein expression levels in tumor tissues 
were determined by Western blot analysis using Twist 
(1:1000) (Abcam, UK), E-Cadherin (1:1000) (Abcam, UK), 
occluding (1:1000) (Abcam, UK), vimentin (1:1000) (Abcam, 
UK), N-cadherin (1:1000) (Abcam, UK), Ki-67 (1:1000) 
(Abcam, UK), IKK (1:1000) (Abcam, UK), NF-κB p65 
(1:1000) (Abcam, UK), NF-κB (1:1000) (Abcam, UK), and β- 
actin (1:1000) (Abcam, UK). Animal care and experimental 
procedures in this study were approved by the Animal Ethics 
Committee of the Second Affiliated Hospital, Harbin Medical 
University.

Statistical Analysis
Data were presented as mean ± SD, and statistical analysis was 
performed using SPSS software (version 18.0). The unpaired 
Student’s t-test was applied for comparing two groups, and 
one-way ANOVA was applied for comparing multiple groups. 
P < 0.05 was considered as statistically significant.

Results
Twist is Potentially Correlated with the 
Progression and Poor Prognosis of 
Laryngeal Cancer
To assess the potential correlation of EMT-related transcrip-
tion factors with laryngeal cancer, the expression of Twist, 
Slug, ZEB1, and Snail in the clinical laryngeal samples and 

laryngeal cells were measured by qPCR assays. The data 
showed that the expression levels of Twist, Slug, ZEB1, and 
Snail were significantly elevated in laryngeal cancer tissues (n 
= 40) compared to that in normal tissues (n = 40), among 
which Twist displayed the highest expression levels (P < 0.01) 
(Figure 1A). Meanwhile, the expression levels of Twist, Slug, 
ZEB1, and Snail were also enhanced in human laryngeal 
carcinoma HEP-2 cells compared with that in primary laryn-
geal epithelial cells (LEC-P), and Twist exerted the highest 
expression levels among these transcription factors (P < 
0.001) (Figure 1B), implying that Twist is closely associated 
with the development of laryngeal cancer. To determine 
whether Twist was able to serve as the potential biomarker 
for patients with laryngeal cancer, we separated the clinical 
laryngeal cancer samples into two groups according to the 
mean expression of Twist. We observed that high expression 
levels of Twist was remarkably correlated with the poor over-
all survival (P < 0.01) (Figure 1C), suggesting that Twist may 
play a crucial role in the progression of laryngeal cancer.

Magnesium Isoglycyrrhizinate (MI) 
Attenuates Cell Proliferation of Laryngeal 
Cancer in vitro
Then, the role of MI in the modulation of laryngeal cancer 
proliferation was investigated, and the structure formula of MI 
is shown in Figure 2A. To evaluate the effect of MI on the 
progression of laryngeal cancer, MTT assay, colony formation 
assay, and EdU assay were performed in HEP-2 cells treated 
with MI. MTT assay demonstrated that MI significantly inhib-
ited cell viability in a dose-dependent manner, and the half- 
maximal inhibitory concentrations (IC50) of MI in HEP-2 
cells was 3.22 mg/mL (P < 0.01) (Figure 2B). Hence, we 
selected the MI dose of 3.22 mg/mL in the following experi-
ments. Similarly, colony formation assay showed that the 
colony numbers of HEP-2 cells were remarkably reduced by 
MI treatment (P < 0.01) (Figure 2C). Besides, EdU assay 
showed that MI notably decreased number of EdU-positive 
cells (P < 0.01) (Figure 2D). These data suggested that MI was 
able to inhibit cell proliferation of laryngeal cancer.

MI Inhibits Laryngeal Cancer Cell 
Migration and Invasion and Enhances Cell 
Apoptosis in vitro
The role of MI in HEP-2 cell migration, invasion, and apop-
tosis was then evaluated. Transwell assays revealed that MI 
treatment remarkably reduced cell migration (P < 0.01) 
(Figure 3A). Similarly, cell invasion was significantly 
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Figure 1 Twist is potentially correlated with the progression and poor prognosis of laryngeal cancer. (A) The expression levels of Twist, Slug, ZEB1, and Snail were measured by qPCR 
in the laryngeal cancer tissues (n = 40) and adjacent normal tissues (n = 40). (B) The expression levels of Twist, Slug, ZEB1, and Snail were assessed by qPCR in HEP-2 cells and primary 
laryngeal epithelial cells. (C) The clinical laryngeal cancer samples were separated into two groups according to the mean expression of Twist. The overall survival was analyzed by 
Kaplan-Meier survival analysis. Data are presented as mean ± SD. Statistic significant differences were indicated: ** P < 0.01, *** P < 0.001.

Figure 2 Magnesium isoglycyrrhizinate (MI) attenuates cell proliferation of laryngeal cancer in vitro. (A) The structure formula of MI was shown. (B) The cell viability was 
analyzed by MTT assays in the HEP-2 cells treated with MI at indicated dosage. (C) The cell proliferation was measured by colony formation assays in the HEP-2 cells treated 
with MI at indicated dosage. (D) The cell proliferation was examined by EdU assays in the HEP-2 cells treated with MI at indicated dosage. Data are presented as mean ± SD. 
Statistic significant differences were indicated: ** P < 0.01.
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decreased by MI in HEP-2 cells (P < 0.01) (Figure 3B). 
Moreover, flow cytometry analysis showed that cell apoptosis 
was notably increased by MI treatment in the system (P < 
0.01) (Figure 3C). These results indicated that MI inhibited 
laryngeal cancer cell migration and invasion and enhanced cell 
apoptosis in vitro.

MI Inhibits Transcriptional Activation and 
the Expression of NF-κB and Twist and 
Alleviates EMT in Laryngeal Cancer Cells
Next, the underlying mechanism of the effect of MI on the 
development of laryngeal cancer in HEP-2 cells was further 

explored. It showed that MI treatment significantly reduced 
the luciferase activities of NF-κB in the cells (P < 0.01) 
(Figure 4A), suggesting that MI may inhibit NF-κB at 
transcriptional level. Meanwhile, dual-luciferase reporter 
gene assays further revealed that MI treatment remarkably 
decreased the transcriptional activities of Twist in the cells 
(P < 0.01) (Figure 4B). Furthermore, Western blot analysis 
demonstrated that the total expression (Figure 4C) and 
nucleus expression (Figure 4D) of NF-κB and Twist were 
significantly down-regulated by MI in HEP-2 cells (P < 
0.01), suggesting that MI may inhibit Twist by modulating 
NF-κB. Moreover, to assess the effect of MI on the EMT of 
laryngeal cancer, the expression of EMT markers, including 

Figure 3 MI inhibits laryngeal cancer cell migration and invasion and enhances cell apoptosis in vitro. (A) The cell migration was examined by transwell assays in the HEP-2 
cells treated with MI at indicated dosage. (B) The cell invasion was examined by transwell assays in the HEP-2 cells treated with MI at indicated dosage. (C) The cell 
apoptosis was measure by flow cytometry analysis in the HEP-2 cells treated with MI at indicated dosage. Data are presented as mean ± SD. Statistic significant differences 
were indicated: ** P < 0.01.
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E-Cadherin, occluding, vimentin, and N-cadherin, in HEP- 
2 cells treated with MI were measured. Our data showed 
that the expression levels of E-Cadherin and occluding were 
enhanced while the expression levels of vimentin and 
N-cadherin were reduced by MI treatment in HEP-2 cells 
(P < 0.01) (Figure 4E), suggesting that MI can inhibit EMT 
of laryngeal cancer.

MI Inhibits Tumor Growth and EMT of 
Laryngeal Cancer via the Twist/NF-κB 
Signaling in vivo
The effect of MI on laryngeal cancer development was further 
investigated in vivo. Tumorigenicity analysis was conducted 
in nude mice injected with HEP-2 cells, which were treated 
with MI or corresponding control. The MI treatment signifi-
cantly reduced tumor size (Figure 5A), tumor weight 
(P < 0.01) (Figure 5B), tumor volume (P < 0.01) 

(Figure 5C), and the expression levels of Ki-67 in tumor 
tissues of the mice (Figure 5D), suggesting that MI inhibited 
tumor growth of laryngeal cancer in vivo.

Moreover, our data showed that MI treatment signifi-
cantly enhanced the expression levels of E-Cadherin and 
occluding, whereas reduced the expression levels of vimentin 
and N-cadherin in tumor tissues of the mice (P < 0.01) 
(Figure 6A and B), indicating that MI attenuated EMT of 
laryngeal cancer in vivo. Besides, the expression levels of 
Twist, Ki-67, and NF-κB signaling proteins containing p65 
and IKK were significantly decreased by MI in tumor tissues 
of the mice (P < 0.01) (Figure 6C and D), implying that MI 
may inhibit EMT of laryngeal cancer via the Twist/NF-κB 
signaling.

Discussion
Laryngeal cancer is the second most prevalent head and neck 
malignancy.38 Laryngeal cancer patients hold poor survival 

Figure 4 MI inhibits transcriptional activation and expression of NF-κB and Twist and alleviates EMT in laryngeal cancer cells. (A) The luciferase activities of NF-κB were 
determined by luciferase reporter gene assays in the HEP-2 cells treated with MI at indicated dosage. (B) The luciferase activities of Twist were determined by luciferase 
reporter gene assays in the HEP-2 cells treated with MI at indicated dosage. (C) The total expression of NF-κB, Twist, and β-actin was measured by Western blot analysis in 
the HEP-2 cells treated with MI at indicated dosage. The results of Western blot analysis were quantified by ImageJ software. (D) The nucleus expression of NF-κB, Twist, 
and histone H3 was tested by Western blot analysis in the HEP-2 cells treated with MI at indicated dosage. The results of Western blot analysis were quantified by ImageJ 
software. (E) The expression levels of E-Cadherin, occluding, vimentin, N-cadherin, and β-actin were analyzed by Western blot analysis in the HEP-2 cells treated with MI at 
indicated dosage. The results of Western blot analysis were quantified by ImageJ software. Data are presented as mean ± SD. Statistic significant differences were indicated: 
** P < 0.01.
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incidences and low prognosis, and many cases still suffer 
from recurrence.39 Although improvements have been made 
in chemotherapy, radiotherapy, and surgery, invasion and 
metastasis are still the principal reasons for laryngeal cancer- 
related mortality for patients with advanced grade.40 

Searching for more safe and practical treatment candidates 
for the effective therapy of laryngeal cancer is of great 
importance.41 As a natural compound, MI has exerted prac-
tical potential in the medical application. It has been reported 
that MI represses cardiac hypertrophy by modulating the 
TLR4/NF-κB signaling in mice.42 MI preserves against trip-
tolide-produced hepatotoxicity through activating the Nrf2 
signaling.43 MI relieves fructose-mediated apoptosis of 
podocyte by down-regulation of miR-193a to enhance 

WT1.44 However, the investigation of MI in cancer 
progression is limited. Previous study identified that the 
exposure-impact-toxicity was correlated with MI and doce-
taxel in non-small cell lung cancer mice.22 MI inhibits che-
motherapy-caused damage to liver throughout the initial 
therapy of gastrointestinal tumor patients.45 MI decreases 
paclitaxel in patients with epithelial ovarian cancer treated 
with cisplatin and paclitaxel.24 The function of MI is asso-
ciated with its activity to restrain several crucial pathways 
such as phospholipase A2/arachidonic signaling,46 STAT3 
signaling,47 and NF-κB signaling.23,48 In this study, we firstly 
identified that MI inhibited cell proliferation, migration, 
invasion, and enhanced cell apoptosis in laryngeal cancer. 
MI reduced tumor growth of laryngeal cancer in vivo. Our 

Figure 5 MI inhibits tumor growth of laryngeal cancer in vivo. (A–D) The effect of MI on tumor growth of laryngeal cancer in vivo was analyzed by tumorigenicity assay in 
nude mice. The HEP-2 cells were treated with MI (300 mg/kg) or equal volume saline and injected into the nude mice (n = 3). (A) Representative images of dissected tumors 
from nude mice were presented. (B) The average tumor weight was calculated and shown. (C) The average tumor volume was calculated and shown. (D) The expression 
levels of Ki-67 of the tumor tissues were measured by immunohistochemical staining. Data are presented as mean ± SD. Statistic significant differences were indicated: ** 
P < 0.01.
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data present a novel inhibitory function of MI in laryngeal 
cancer and provide valuable insights into the role of MI in 
cancer development.

EMT plays a critical role in the development of lar-
yngeal cancer, especially in cancer cell metastasis progres-
sion by promoting resistance to apoptotic stimulation, 
invasion, and mobility.49 It was reported that TGF β- 
induced lncRNA MIR155HG promoted EMT of laryngeal 
squamous cell carcinoma by regulating the miR-155/ 
SOX10 signaling.50 YAP modulates the Wnt/β-catenin 
signaling and EMT program of laryngeal cancer.51 

Abnormal methylation and down-regulation of ZNF667 

and ZNF667-AS1 enhance EMT of laryngeal 
carcinoma.52 Meanwhile, it was reported that MI alle-
viated high fructose-caused liver fibrosis and EMT by 
enhancing miR-375-3p to repress the TGF-β1/Smad sig-
naling and JAK2/STAT3 signaling in rat.25 Our data 
demonstrated that MI attenuated EMT of laryngeal cancer 
via modulating the Twist/NF-κB signaling. It provides 
valuable information that MI exerts an inhibitory function 
of EMT in cancer progression.

As a critical EMT transcription factor, Twist regulates 
EMT program during cancer development.53 The correla-
tion of Twist with NF-κB signaling in the modulation of 

Figure 6 MI inhibits EMT of laryngeal cancer via Twist/NF-κB signaling in vivo. (A–D) The effect of MI on tumor growth of laryngeal cancer in vivo was analyzed by nude 
mice tumorigenicity assay. The HEP-2 cells were treated with MI (300 mg/kg) or equal volume saline and injected into the nude mice (n = 3). (A) The expression levels of 
E-Cadherin, occluding, vimentin, N-cadherin, and β-actin were analyzed by Western blot analysis in the tumor tissues of the mice. (B) The results of Western blot analysis in 
(A) were quantified by ImageJ software. (C) The expression levels of NF-κB, NF-κB p65, Twist, Ki-67, IKK, and β-actin were measured by Western blot analysis in the tumor 
tissues of the mice. (D) The results of Western blot analysis in (C) were quantified by ImageJ software. Data are presented as mean ± SD. Statistic significant differences 
were indicated: ** P < 0.01.
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EMT in cancer progression is well identified. It has been 
reported that presentation to TGF β combined with TNF α 
provokes tumorigenesis by modulating NF-κB/Twist sig-
naling in vitro.54 Antrodia salmonea represses aggression 
and metastasis through modifying EMT via the NF-κB/ 
Twist signaling in triple-negative breast cancer cells.55 

Twist is involved in the mechanism that ursolic acid 
restrains EMT of gastric cancer through the Axl/NF-κB 
signaling.56 NF-κB activation by the RANKL/RANK 
pathway enhances the expression of snail and twist and 
promotes EMT of mammary cancer cells.57 Twist plays 
a crucial role in regulating the NF-κB and HIF-1α signal-
ing on hypoxia-induced chemoresistance and EMT in pan-
creatic cancer.58 MiR-153 depletion down-regulates the 
expression of metastasis-associated family member 3 and 
Twist family BHLH transcription factor 1 in laryngeal 
squamous carcinoma cells.59 The expression of TWIST is 
remarkably down-regulated in response to paclitaxel, and 
TWIST may present a crucial function in paclitaxel-related 
laryngeal cancer cell apoptosis.60 TWIST is involved in 
the mechanism that TrkB elevates the metastasis of laryn-
geal cancer by activating the PI3K/AKT signaling.61 In the 
present study, we revealed that Twist was significantly 
elevated in laryngeal cancer tissues and human laryngeal 
carcinoma HEP-2 cells. It suggests that Twist may play 
a critical role in the development of laryngeal cancer. NF- 
κB/Twist signaling was involved in the mechanism of MI 
inhibiting EMT of laryngeal cancer. It provides new evi-
dence of the role of Twist in cancer progression.

Conclusion
In conclusion, we discovered that magnesium isoglycyr-
rhizinate attenuated the progression of laryngeal cancer 
in vitro and in vivo. Magnesium isoglycyrrhizinate 
induced an inhibitory effect on epithelial–mesenchymal 
transition in laryngeal cancer by modulating the NF-κB/ 
Twist signaling. Our findings provide new insights into the 
mechanism by which magnesium isoglycyrrhizinate inhi-
bits laryngeal carcinoma development. Magnesium isogly-
cyrrhizinate may be applied as a potential anti-tumor 
candidate for laryngeal cancer in clinical treatment 
strategy.

Abbreviations
EMT, epithelial–mesenchymal transition; MI, Magnesium 
isoglycyrrhizinate; GA, Glycyrrhizic acid; LEC-P, primary 
laryngeal epithelial cells; OS, overall survival; IC50, half- 
maximal inhibitory concentration.
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