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Abstract. The ectopic expression of insulin‑like growth factor 
2 mRNA‑binding protein 2 (IGF2BP2) has been demonstrated 
to facilitate tumorigenesis and induce proliferation in a various 
types of cancer. However, the role of IGF2BP2 in esophageal 
squamous cell carcinoma (ESCC) has yet been fully eluci‑
dated. In this regard, the current study assessed the expression 
patterns and clinical significance of IGF2BP2 in 94 Chinese 
patients diagnosed with ESCC. Immunohistochemistry and 
reverse transcription‑quantitative PCR assays were employed 
to assess IGF2BP2 expression in ESCC tissues compared 
with adjacent healthy tissues. The results revealed that the 
protein expression of IGF2BP2 was substantially upregulated 
in ESCC tissues compared with adjacent ESCC tissues. More 
specifically, higher IGF2BP2 expression strongly associated 
with tumor node metastasis stage, lymphatic infiltration and 
lymph node metastasis. Using two ESCC cell lines (TE‑1 
and TE‑10), the inhibition of IGF2BP2 expression by small 
interfering RNA was proven to induce apoptosis and suppress 
proliferation, migration and cell cycle progression in vitro. 
Collectively, the present findings indicated that IGF2BP2 may 
serve a major role in the development of ESCC carcinogenesis. 
The present study may be helpful in the design of potential 
drug targets in the treatment of ESCC.

Introduction

Esophageal cancer (EC) has been described as the seventh 
most frequently diagnosed tumor (1) and the sixth causal agent 
of cancer mortality with respective new cases and deaths 

estimated to be 604,000 and 544,000 in 2020, worldwide (2). 
An annual increase in the incidence and mortality rate of 
EC has been reported amidst variation with sex and region. 
In particular, the global incidence rate in men was reported 
to be three‑fold higher than in women and mostly occurred 
in Southern Africans and Eastern Asians (3). Histologically, 
the existing two primary EC subtypes are esophageal adeno‑
carcinoma (EAC) and esophageal squamous cell carcinoma 
(ESCC). While the former is a more common type of EC in 
individuals from developing nations, such as China and India, 
the latter is dominant among Americans  (4). Treatments 
for ESCC vary depending on the stages of the disease: 
Esophagectomy, neoadjuvant therapy, chemotherapy or 
concurrent chemoradiotherapy (5). Although several treatment 
options have been developed, an improved form of treatment 
is required, due to the poor prognosis and low survival rates 
associated with a late diagnosis (6). Therefore, it is necessary 
to identify new potential targets of ESCC through the study 
of the molecular mechanisms underlying carcinogenesis for 
improved clinical outcome.

A previous study reported that insulin‑like growth 
factor‑2 mRNA‑binding protein 2 (IGF2BP2) is a crucial 
oncogenic protein, functioning as a tumor promoter via 
post‑transcriptional regulation of gene expression. IGF2BP2 
is implicated in the stabilization, localization and trafficking 
of target mRNAs involved in carcinogenesis and cancer cell 
proliferation  (7). Mechanistically, IGF2BP2 serves as an 
mRNA stabilizer for cancer development and proliferation via 
the IGF2BP2/microRNA (miR)‑195/Raf‑1 proto‑oncogene, 
serine/threonine kinase axis in colorectal cancer cells  (8), 
and the methyltransferase‑like 3 (METTL3)/IGF2BP2/flap 
endonuclease 1 axis in liver cancer (9). IGF2BP2 upregula‑
tion has been reported in several types of human cancer, 
such as pancreatic cancer  (10), glioblastoma  (11), hepatic 
cellular carcinoma  (12), acute myeloid leukemia  (13) and 
sarcomas  (14). Moreover, IGF2BP2 expression in cancer 
tissue was positively correlated with poor prognosis and short 
survival rate of patients with EAC (15). Importantly, IGF2BP2 
knockdown suppressed the carcinogenesis, proliferation, inva‑
sion and metastasis of colorectal carcinoma (16). Although 
various evidence has reported the role and mechanisms of 
IGF2BP2 in several types of cancer, published reports that 
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clarify the association between clinicopathological features 
and IGF2BP2 expression in ESCC are lacking.

In the present study, the association between IGF2BP2 
expression at the protein level and the clinicopathological 
features of patients with ESCC was studied. The effects of 
IGF2BP2 knockdown on proliferation, migration and apop‑
tosis were examined in vitro using ESCC cell lines. Based on 
the present research, it was hypothesized that IGF2BP2 may 
be a promising therapeutic target for ESCC treatment.

Materials and methods

Preparation of tissue samples and ethical statement. A total of 
94 Chinese patients with ESCC (females, 28; males, 66), aged 
33‑78 years with an average age of 56 years old, gave their 
written consent to participate in the present study at the Second 
People's Hospital of Changshu. The inclusion criteria for 
participation included: i) A diagnosis of esophageal squamous 
carcinoma via gastroscopy and pathological examination; and 
ii) no evidence of serious organ dysfunction in the heart, brain, 
liver, lung and kidney. Patients were excluded for the current 
study if they: i) Could not tolerate surgery due to severe heart 
disease; ii) had other serious systemic diseases, such as later 
stage uremic syndrome; and iii) exhibited esophageal perfora‑
tion or bleeding. Specimens of human ESCC tissues (n=36) with 
adjacent tissues of ESCC (n=36) and accompanying normal 
tissues of esophagus (n=15) were collected from the same 
patients. Adjacent ESCC tissues were obtained ~20 mm from 
the primary ESCC tumor, and normal esophagus tissues were 
obtained ≥50 mm from the ESCC tumor site. The three types 
of tissues were further identified by an experienced pathologist 
(JQ) based on their cell morphology and tissue characteristics. 
The clinicopathological tumor stage was evaluated according 
to the World Health Organization (WHO) and the Union for 
International Cancer‑Control staging guidelines using tumor, 
nodes and metastasis (TNM) systems of classification (17,18). 
Histological tumor grade was categorized into three groups: 
High, middle and low degrees of tumor differentiation, by JM 
Qiu based on WHO classification (17). Review and approval 
for the current study was provided by the Ethical committee 
of Changshu Second People's Hospital at Jiangsu Province 
(Suzhou, China).

Immunohistochemistry (IHC) analysis and pathological 
scoring of ESCC tissue staining. Based on a protocol of 
epitome retrieval (19), the tissues were fixed with 4% para‑
formaldehyde at room temperature (25±2˚C), embedded in 
paraffin and cut into 3 µm thick sections. After deparaffiniza‑
tion, the slices were rinsed in water for 10 min, soaked in H2O2 
(3%) for 10 min at room temperature and washed twice further 
in water. The slices were then immersed in citric acid buffer 
(pH 6.0) for 7 min and boiled for 15 min to expose the site of 
antigens. After cooling to room temperature, the slices were 
washed twice in PBS, and 4% skimmed milk powder was 
added for the blocking of non‑specific binding sites in ESCC 
tissues at 37˚C for 30 min. Subsequently, sections were incu‑
bated for 1 h at 37˚C with rabbit monoclonal anti‑IGF2BP2 
antibodies (1:200; cat. no  ab124930; Abcam) mixed with 
milk powder (skimmed, 2%) to minimize unspecific staining. 
A biotinylated secondary antibody (1:1,000; cat. no. ab6721; 

Abcam) was then added for 30 min at 37˚C, after which IHC 
staining was detected using a substrate solution comprising 
3,3'‑diaminobenzidine and H2O2. Counterstaining was carried 
out with hematoxylin at room temperature for 30 sec. Samples 
were imaged using an inverted fluorescence microscope 
(Nikon, Ti‑U; magnification, x200).

Considering the percentage of positive cells and the inten‑
sity of staining, which were determined using Image J software 
(Java 1.8.0.172; National Institutes of Health), the IHC score 
was divided into values as follows: 0 (negative), indicating that 
the whole tissue mass was <10% stained; +1 (weakly posi‑
tive), indicating that the tissue mass was 10‑25% stained; +2 
(moderately positive), indicating that the tissue mass exhibited 
25‑50% positive staining; and +3 (strongly positive), indicating 
that the tissue mass exhibited >75% positive staining (20). IHC 
score data was presented as the median + interquartile range. 
IHC scores of 0 or 1 were defined as low expression, and scores 
of 2 or 3 were defined as high expression.

Cell lines, cell culture and transfection. Human esopha‑
geal cancer cell lines (TE‑1 and TE‑10) were obtained 
from Cloud‑Clone Corp. TE‑1 and TE‑10 culture medium 
consisted of DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.), streptomycin sulfate (100 units/ml) and peni‑
cillin G (100 units/ml; Gibco; Thermo Fisher Scientific, Inc.). 
The cells were incubated at 37˚C in humidified conditions 
and 5% CO2.

For transfection, TE‑1 and TE‑10 cells were grown in 
six‑well culture plates until confluence (70‑80%). Transfection 
of siRNA1 (sense, CCG​UUG​UCA​ACG​UCA​CCU​AUA​; 
antisense, UAU​AGG​UGA​CGU​UGA​CAA​CGG​) and siRNA2 
(sense, CCU​UGC​AGG​AUU​UGA​GCA​UUU​; antisense, 
AAA​UGC​UCA​AAU​CCU​GCA​AGG​) (Wuhan GeneCreate 
Biological Engineering Co., Ltd.) was performed with 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C for 4 h, with 20 nM small interfering RNA 
negative control (siRNA‑NC, sense, UUC​UCC​GAA​CGU​
GUC​ACG​UTT​; antisense, ACG​UGA​CAC​GUU​CGG​AGA​
ATT​; Wuhan GeneCreate Biological Engineering Co., Ltd.). 
After transfection for 48 h, subsequent experiments were 
performed.

Extraction of RNA and RT‑qPCR analysis. Total RNA from 
TE‑1 and TE‑10 cells, was extracted using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) in accordance 
with the manufacturer's instructions, respectively. Reverse 
Transcription kit (cat. no.  4366596; TaqMan™; Jiangsu 
Hongyao Biological Technology Co., Ltd.) was used to 
synthesize complementary DNA prior to qPCR. The primer 
sequences are listed in Table I. qPCR was performed using 
SYBR Premix Ex Taq (Perfect Real time; Takara Bio, Inc.) 
in accordance with the manufacturer's protocol, under the 
following thermocycling conditions: 60 sec of initialization at 
95˚C; 30 cycles of 15 sec of denaturation at 95˚C, 30 sec of 
annealing at 60˚C and 1 min of elongation 72˚C; followed by 
10 min of elongation at 72˚C. Each measurement was repeated 
three times, while calculation and standardization of the rela‑
tive expression were performed using the 2‑ΔΔCq method (21). 
GAPDH was used as an internal control.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  23:  252,  2022 3

Analysis of IGF2BP2 expression via western blotting (WB). WB 
was used to visualize IGF2BP2 protein expression after TE‑1 
and TE‑10 transfection with siRNA‑NC and siRNA‑IGF2BP2. 
To lyse cells, samples were treated with 1 ml RIPA buffer 
(Thermo Fisher Scientific, Inc.) and 100 µl PMSF (10 mM) 
at 4˚C for 30 min. Cell lysates were then collected and centri‑
fuged at 10,000 x g for 5 min at 4˚C to obtain total protein. The 
concentration of protein was subsequently detected using a 
BCA kit (cat. no. P0011; Beyotime Institute of Biotechnology) 
and diluted to 10 µg/l. Diluted protein (4 µl) was added with 
1 µl 5X loading buffer, mixed and boiled for 4 min at 100˚C. 
Protein samples (50 ng) of each group, including TE‑1 and 
TE‑10 cells transfected with siRNA‑NC and siRNA‑IGF2BP2, 
were then separated using 8% SDS‑PAGE. Subsequently, 
proteins were transferred to PVDF membranes. Ponceau 
S staining was applied to confirm protein transfer to PVDF 
membrane at room temperature, after which 10% BSA and 
0.05% Tween-20 in TBS was used to block the membranes at 
room temperature for 1 h. Subsequently, the membranes were 
incubated overnight at 4˚C with the following rabbit‑derived 
primary antibodies: Anti‑IGF2BP2 (1:2,000; cat. no. ab124930; 
Abcam) and anti‑GAPDH (1:2,500; cat. no. ab9485; Abcam). 
After washing the membrane with TBST three times every 
5 min, the membranes were incubated with HRP‑conjugated 
goat‑derived rabbit IgG antibody (1:2,000; cat. no. ab6721; 
Abcam) for 1 h at room temperature. Finally, after washing 
the membrane with TBST three times, the membranes were 
visualized using an Ultra High Sensitivity ECL kit (cat. 
no. GK10008; Gibco) and imaged with ChemiScope 3600 
mini (Clinx; magnification, x10) in a dark room. GAPDH was 
used as an internal control and densitometry was performed 
using Image J (Java 1.8.0.172).

Clonogenic assays. TE‑1 and TE‑10 cells were seeded at a 
density of 1,000 cells per well in the six‑well‑plate and trans‑
fected with siRNAs, then incubated for 10 days at 37˚C with 
5% CO2. The cells were then fixed with 4% paraformaldehyde 
at room temperature for 30 min and stained with 1% crystal 
violet at room temperature for 20 min. Next, colonies with a 
diameter >20 µm cells were recorded and imaged with a light 
microscope (Nikon Corporation; Ti‑U; magnification, x200).

Cell cycle analysis using flow cytometry and DNA staining 
with PI. A total of ~1x106 TE‑1 and TE‑10 cells were harvested, 
washed with PBS and suspended in 0.5 ml PBS. Monodispersed 
cell suspensions were then obtained via a gentle vortex step 
with minimum clumping of cells. After overnight fixation of the 
cells in cold ethanol (70%) at 4˚C, centrifugation of the cells 
suspended in ethanol was performed for 5 min at 300 x g and 
4˚C before careful discarding the supernatant. PBS was subse‑
quently used to wash the samples twice before resuspension in 
RNase (20 µg/ml) and PI (50 µg/ml) in PBS for 30 min at room 
temperature, to ensure that only DNA and not RNA was stained. 
Subsequently, the analysis of stained cells was performed via 
flow cytometric analysis (BD LSRFortessa™; Beckman Coulter, 
Inc.) and analyzed by Flow Jo V10 (FlowJo LLC).

Wound healing assay to monitor cell migration. TE‑1 and 
TE‑10 cell lines transfected with siRNA in addition to blank 
control groups were seeded in six‑well plates at a density of 

2x105 cells/well with DMEM supplemented with 10% FBS and 
1% penicillin‑streptomycin. A scratch was introduced when 
the cell confluence reached ~80%. After washing the cells 
twice with PBS, samples were incubated in DMEM supple‑
mented with 1% PS only. Wound healing assay images were 
recorded automatically every 4 h. An inverted fluorescence 
microscope (Nikon Corporation; Ti‑U; magnification, x200) 
was used to monitor cell migration at 0, 12, 24 and 48 h after 
introducing the scratch. Images were analyzed using Image J 
(Java 1.8.0.172; National Institutes of Health).

Cell proliferation assay using cell counting kit‑8 (CCK‑8). Cell 
proliferation was assayed after the inhibition of IGF2BP2 expres‑
sion in TE‑1 and TE‑10 cells using a CCK‑8 Cell Proliferation 
and Cytotoxicity Assay kit (cat. no. CA1210; Beijing Solarbio 
Science & Technology Co., Ltd.). A total of 5x103 cells per ml 
were inoculated into a 96‑well plate (100 µl per well) and divided 
into ‘control’ and ‘IGF2BP2 siRNA’ groups. At different time 
points, including 0, 24 and 48 h, CCK‑8 (10 ml) was added 
to each well carefully to avoid the introduction of bubbles, 
after which plates were stored in an incubator for 2 h at 37˚C. 
Subsequently, a microplate reader was employed to measure the 
absorbance value at 450 nm in triplicate.

Cell apoptosis analysis with PI/Annexin V double staining. 
Harvested TE‑1 and TE‑10 cells were washed in PBS, after 
which 1x106 cells were resuspended and stained using Dead Cell 
Apoptosis Kit with Annexin V FITC and PI (V13242, Thermo 
Fisher) according to the standard protocol. Cell apoptosis was 
analyzed through flow cytometry (BD FACSCelesta™; BD 
Biosicences). The intensity of FITC/Annexin V fluorescence 
was analyzed using FlowJo V10 software (FlowJo LLC) and 
presented on the x‑axis, while PI (screened using phycoery‑
thrin) was plotted on the y‑axis. FITC/PI denoted living cells, 
FITC+/PI indicated early apoptotic cells, FITC+/PI+ represented 
late apoptotic cells and FITC/PI+ depicted necrotic cells.

Identification of senescent cells using the senescence‑associ‑
ated β‑galactosidase (SA‑β‑gal) assay. Senescence in siRNA 
transfected and blank control cell cultures was detected 
using the Cellular Senescence Detection kit (Beiyi Bioequip 
Information Co., Ltd.) in accordance with the supplier's 
instructions. A total of 2x104 cells per ml were seeded in 
six‑well plates at 2 ml per well and cultured for 2 days at 
37˚C. The cells were washed with PBS and fixed with 4% 
paraformaldehyde for 30 min at room temperature. The cells 
were subsequently washed with PBS twice, after which 1 ml 
SA‑β‑gal staining solution was added prior to incubation at 
37˚C for 15 min. After blue coloring was fully developed, 
cells were washed twice with PBS. A single drop of mounting 
medium was added before cover glasses were placed atop the 
six‑well plate. SA‑β‑gal‑blue positive cells were counted using 
an inverted fluorescence microscope (Nikon Corporation; 
Ti‑U; magnification, x200).

Detection of DNA synthesis in proliferating cells using 
a 5‑ethynyl‑2'‑deoxyuridine (EdU) assay. Analysis of 
proliferating TE‑1 and TE‑10 cells after treatment with 
siRNA‑IGF2BP2 or siRNA‑NC was carried out using the 
BeyoClick™ EdU cell proliferation kit with Alexa Fluro 488 
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(Beyotime Institute of Biotechnology) based on the manufac‑
turer's protocol. Subsequently, EdU (10 mM) was added to 
cells after transfection, after which samples were incubated at 
37˚C for 2 h. Cells were then fixed for 30 min at room tempera‑
ture with standard formaldehyde (4%) and permeabilized with 
Triton X‑100 (0.5%) prior to staining at room temperature for 
0.5 h with a Ultra High Sensitivity ECL kit. DAPI (5 mg/ml) 
was applied for 15 min to stain cell nuclei at room temperature 
before observation using a fluorescent microscope (Nikon 
Corporation; Ti‑U; magnification, x200).

Statistical analysis. All data are presented as the mean ± SD, 
and at least three independent experiments were performed. 
The construction of graphs and the statistical analysis of data 
was performed using χ2 test and one‑way ANOVA followed by 
Dunnett's post hoc test, with GraphPad Prism 6.0 (GraphPad 
Inc.) and SPSS 17.0 (SPSS, Inc.) software, respectively. P<0.05 
was considered to indicate a statistically significant difference.

Results

IGF2BP2 is upregulated in human ESCC tissue samples 
compared with adjacent ESCC tissue samples. IHC staining 
was performed to determine IGF2BP2 expression levels in 
94 specimens of human ESCC tissues, which are listed in 
Table I. Due to the limitation of patient tumor size, 36 ESCC 
tissues were screened from the 94 specimens, with 15 adjacent 
healthy tissues obtained from the 36 specimens. IGF2BP2 was 
notably distributed in the nucleus and cytoplasm of squamous 
epithelial cells, as well as smooth muscle and stromal cells. 
The respective IHC images and scores of IGF2BP2 expression 
on normal, adjacent ESCC and ESCC tissues are presented 
in Fig. 1. A substantially higher IGF2BP2 expression was 
observed in ESCC and adjacent ESCC samples compared with 

normal healthy tissues. The results also revealed that ~78% of 
ESCC samples exhibited a strongly positive IGF2BP2 expres‑
sion, while 15% demonstrated a moderate expression and 7% 
exhibited a weak expression. Altogether, the increased expres‑
sion of IGF2BP2 may serve as a marker of human ESCC.

Clinical relevance of IGF2BP2 expression in ESCC tissues. 
The association between IGF2BP2 and the clinicopatho‑
logical characteristics of patients with ESCC was assessed. 
χ2 test analysis revealed a significant association between 
IGF2BP2 expression, tumor differentiation (P=0.038), TNM 
stages (P=0.018), lymph node metastasis (P<0.001) and 
lymphatic infiltration (P<0.001). Non‑significant differences 
were observed in sex (P=0.379) and age (P=0.775; Table II). 
In patients with ESCC, IGF2BP2 expression in III‑IV grade 
tumors was markedly upregulated compared with grades I‑II, 
as presented in Table II. Overall, IGF2BP2 expression was 
established to be associated with the progression of ESCC.

IGF2BP2 expression in ESCC cell lines. IGF2BP2 mRNA 
levels in TE‑1 and TE‑10 cell lines were quantified by 
performing RT‑qPCR. As presented in Fig. 2A, the mRNA 
expression level of IGF2BP2 significantly increased in TE‑1 
cells compared with TE‑10 cells. Subsequently, siRNAs 
targeting IGF2BP2 were transfected to knock down its expres‑
sion in TE‑1 and TE‑10 cells (Fig. 2B and C), while siRNA‑NC 
was used as negative control. The results of WB indicated that 
IGF2BP2 expression levels were significantly inhibited after 
siRNA transfection in both TE‑1 and TE‑10 cells.

IGF2BP2 knockdown inhibits the proliferation and migration 
of ESCC cells. To study the effect of IGF2BP2 in ESCC cell 
proliferation, a CCK‑8 assay was performed to investigate 
the viability of siRNA‑transfected TE‑1 and TE‑10 cells. As 

Table I. Primer sequences of reverse transcription‑quantitative PCR.

Gene	 Forward primer sequence (5'‑3')	 Reverse primer sequence (5'‑3')

GAPDH	 GTCTCCTCTGACTTCAACAGCG 	 ACCACCCTGTTGCTGTAGCCAA
IGF2BP2	 GGCTCCCTGATCTGGTTAAGGA	 CCACTTCCATTCTGATGACCAGC

IGF2BP2, insulin‑like growth factor 2 mRNA‑binding protein 2.

Figure 1. Analysis of IGF2BP2 expression using IHC. Images of (A) Normal esophageal, (B) adjacent ESCC and (C) ESCC tissue are presented (magnifica‑
tion, x400). (D) IHC staining comparing the intensity of IGF2BP2 staining in 36 ESCC tissues, 36 adjacent ESCC tissues and 15 normal esophageal tissues. 
IGF2BP2, insulin‑like growth factor 2 mRNA‑binding protein 2; IHC, immunohistochemistry; ESCC, esophageal‑squamous cell carcinoma. 
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Table II. Association between insulin‑like growth factor 2 mRNA‑binding protein 2 protein expression and clinicopathological 
features of esophageal squamous cell carcinoma.

		  Insulin‑like growth factor 2 mRNA‑binding protein 2 protein expression 	
		
 	 Number	 Median	 Low	 High	  
Variable	 of cases	 (P25, P75)	 (score; 0 or 1), n	 (score; 2 or 3), n	 P‑value

Sex					     0.379
  Male, n	 66	 3 (1, 3)	 20	 46	
  Female, n	 28	 3 (2, 3)	 6	 22	
Age					     0.775
  <64	 52	 3 (1, 3)	 15	 37	
  ≥64	 42	 3 (1, 3)	 11	 31	
Degree of 					     0.038
tumor
differentiation	
  High	 20	 1.5 (1, 3)	 10	 10	
  Middle	 47	 3 (2, 3)	 11	 36	
  Low	 27	 3 (2, 3)	 5	 22	
Tumor, node and 					     0.018
metastasis staging
  I‑II	 62	 2 (1, 3)	 22	 40	
  III‑IV	 32	 3 (2, 3)	 4	 28	
Lymph node 					     <0.001
metastasis
  Positive	 38	 3 (3, 3)	 3	 35	
  Negative	 56	 2 (1, 3)	 23	 33	
Lymphatic					     <0.001
infiltration
  Positive	 43	 3 (2, 3)	 4	 39	
  Negative	 51	 2 (1, 3)	 22	 29	

Figure 2. Analysis of IGF2BP2 expression using RT‑qPCR and western blotting. (A) The relative mRNA expression of IGF2BP2 was detected via RT‑qPCR 
in ESCC cell lines (TE‑1 and TE‑10). The transfection efficiency of each siRNA targeting IGF2BP2 was assessed in (B) TE‑1 and (C) TE‑10 cell lines by 
western blotting. One‑way ANOVA followed by Dunnett's post hoc test were performed to analyze data. **P<0.01 vs. control group. IGF2BP2, insulin‑like 
growth factor 2 mRNA‑binding protein 2; RT‑qPCR, reverse transcription‑quantitative PCR; ESCC, esophageal‑squamous cell carcinoma; siRNA, small 
interfering RNA. 
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indicated in Fig. 3, the number of living cells was markedly 
decreased in the two siRNA‑IGF2BP2 groups compared with 
the siRNA‑NC group. In addition, the results of the SA‑β‑gal 
positive clone assay revealed that IGF2BP2 was significantly 
less capable of generating clones after siRNA1 and siRNA2 
transfection in TE‑1 and TE‑10 cells compared with the control 
group (Fig. 4). Furthermore, the effect of the siRNA2 treated 
group was significantly decreased compared with the siRNA1 
group. The results of the EdU assay demonstrated similar results 
to the clonal assay. The colorimetric detection of SA‑β‑gal and 
EdU assays revealed that ESCC cellular senescence and DNA 
synthesis replication, involved in the process of proliferation, 
were positively associated with IGF2BP2 expression (Fig. 5).

Since IGF2BP2 was highly expressed in lymphatic infiltration 
metastasis of ESCC tissues (22), the role of IGF2BP2 in ESCC 
cell migratory activity was studied in vitro using a wound healing 
assay. The results revealed an increased wound width after scratch 
introduction in the two siRNA‑IGF2BP2 groups compared with 
the siRNA‑NC group. These results implied that ESCC cell 
migration was suppressed by IGF2BP2 knockdown (Fig. 6). The 
present findings indicated that IGF2BP2 could play a crucial role 
in the inhibition of ESCC cell proliferation and migration.

IGF2BP2 knockdown induces cell cycle arrest and ESCC 
cell apoptosis. Flow cytometry assays were performed 
to determine whether IGF2BP2 could regulate cell cycle 

Figure 3. IGF2BP2 expression knockdown decreases esophageal‑squamous cell carcinoma cell viability, as determined by using a Cell Counting Kit‑8 assay. 
Quantitative analysis of optical density values was performed in (A) TE‑1 and (B) TE‑10 cell lines treated with siRNA‑IGF2BP2 or siRNA‑control. Cell 
viability was determined at 24 and 48 h. IGF2BP2, insulin‑like growth factor 2 mRNA‑binding protein 2; siRNA, small interfering RNA. 

Figure 4. IGF2BP2 modulates esophageal‑squamous cell carcinoma colony formation. Quantitative analysis of (A) TE‑1 and (B) TE‑10 colony numbers after 
transfection with siRNAs targeting IGF2BP2 or siRNA‑control. IGF2BP2 knockdown in (C) TE‑1 and (D) TE‑10 cells significantly decreased colony forma‑
tion. One‑way ANOVA followed by Dunnett's post hoc test was performed to analyze data. **P<0.01 vs. control group. IGF2BP2, insulin‑like growth factor 2 
mRNA‑binding protein 2; ESCC, esophageal‑squamous cell carcinoma; siRNA, small interfering RNA. 
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progression in TE‑1 and TE‑10 cells after transfection 
with two siRNA‑IGF2BP2s or siRNA‑NC. The percentage 
of cells at distinct phases is indicated in Fig.  7, with 
results demonstrating that IGF2BP2 knockdown induced 

significant cell cycle arrest at the G1 phase compared with 
siRNA‑NC‑treated cells. The present results suggested that 
IGF2BP2 participates in the regulation of the G1/S transition 
during ESCC cell cycle progression. Furthermore, the role of 

Figure 5. Senescence and proliferation assays. SA‑β‑gal‑positive cells were counted inTE‑1 (A) and TE‑10 (B) cell lines. Senescence was decreased inTE‑1 
(C) and TE‑10 (D) cells treated with siRNA1 and siRNA2 targeting IGF2BP2 that were labeled with EdU or DAPI, when compared with the control group. 
One‑way ANOVA followed by Dunnett's post hoc test was performed to statistically analyze data. **P<0.01 vs. control group. SA‑β‑gal, senescence‑associated 
β‑galactosidase; EdU, 5‑ethynyl‑2'‑deoxyuridine; IGF2BP2, insulin‑like growth factor 2 mRNA‑binding protein 2; siRNA, small interfering RNA. 
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IGF2BP2 in apoptosis was investigated by performing flow 
cytometry with PI/Annexin V double staining. The apoptosis 
rate of IGF2BP2‑siRNA‑treated cells was significantly 
increased compared with siRNA‑NC‑treated cells (Fig. 8). 
Early apoptotic cell percentages were similar between 
siRNA‑IGF2BP2‑treated and siRNA‑NC‑treated cells (Q3), 
whereas late apoptotic cells were markedly increased in 
siRNA‑IGF2BP2‑treated cell lines after 48 h of transfec‑
tion (Q4). Altogether, the present findings indicated that 
the inhibition of IGF2BP2 significantly reduced tumor cell 
proliferation and migration, and increased the senescence of 

tumor cells, suggesting that IGF2BP2 may be a key regula‑
tory oncogene for tumorigenesis in ESCC cells.

Discussion

ESCC is a commonly diagnosed cancer of the digestive 
system, and concerns have been growing worldwide owing 
to its high incidence and mortality rate, in developing nations 
such as China or India (23). Despite the approval of several 
treatment options, the prognosis of patients in advanced 
stages, along with their overall survival rate remains low (24). 

Figure 6. Esophageal‑squamous cell carcinoma cell migration following treatment with siRNA‑IGF2BP2 or siRNA‑control, as analyzed using wound healing 
assays. Respective images of wound healing in (A) TE‑1 and (B) TE‑10 cells treated with siRNA‑IGF2BP2 or siRNA‑control are presented. Light microscope 
images were obtained at 12, 24 and 48 h after the scratch was introduced. Corresponding wound width data of (C) TE‑1 and (D) TE‑10 cells is presented. 
Scale bar, 100 µm. One‑way ANOVA followed by Dunnett's post hoc test was performed to statistically analyze the data. *P<0.05 vs. control group. IGF2BP2, 
insulin‑like growth factor 2 mRNA‑binding protein 2; siRNA, small interfering RNA. 
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Figure 7. IGF2BP2 is required for cell cycle progression. Cell cycle distribution of esophageal‑squamous cell carcinoma cells transfected with siRNA‑control 
or siRNA‑IGF2BP2 was assessed by performing flow cytometry in (top) TE‑1 and (bottom) TE‑10 cells. Transfection with siRNA‑IGF2BP2 significantly 
reduced cell growth compared with the siRNA‑control. One‑way ANOVA followed by Dunnett's post hoc test was performed to statistically analyze data. 
*P<0.05 and **P<0.01 vs. control group. IGF2BP2, insulin‑like growth factor 2 mRNA‑binding protein 2; siRNA, small interfering RNA. 

Figure 8. Detection of apoptosis by Annexin V/PI staining in esophageal‑squamous cell carcinoma cells transfected with siRNA‑control or siRNA‑IGF2BP2. 
(A) Flow cytometry plots were produced and (B) the percentage of apoptotic cells was determined in the TE‑1 cell line. Flow cytometry plots were produced 
and the percentage of apoptotic cells was assessed in the TE‑10 cell line. IGF2BP2 knockdown induced the apoptosis of TE‑1 and TE‑10 cells. One‑way 
ANOVA followed by Dunnett's post hoc test was performed to statistically analyze data. **P<0.01 vs. control group. IGF2BP2, insulin‑like growth factor 2 
mRNA‑binding protein 2; siRNA, small interfering RNA. 
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The efficacy of chemotherapeutic agents for the treatment of 
ESCC, including docetaxel or paclitaxel, which have limited 
treatment potential and produce adverse effects in clinical 
settings (5). Therefore, it is important to find new therapeutic 
targets for ESCC therapy.

As an RNA‑binding protein, IGF2BP2 has been revealed 
to post‑transcriptionally drive the progression of cancer cells 
through its ability to regulate the trafficking, localization, 
stabilization and translation of mRNAs involved in impor‑
tant aspects of cellular functions (25). Various studies have 
reported its contribution in several physiological processes, 
such as embryo development, neuron metabolism, neuron 
differentiation and IFG2BP2 aberrant regulation, which 
causes insulin resistance, obesity, diabetes and carcinogen‑
esis (26‑28). IGF2BP2 is highly expressed in several types 
of cancer, including brain cancer (29), liver carcinoma (30), 
ovarian cancer  (31), endometrial adenocarcinoma (32) and 
breast cancer (33). A previous study documented its tumori‑
genic role in promoting tumor growth, cell proliferation, 
migration and invasion (34). However, the function and expres‑
sion profile of IFG2BP2 during ESCC development has not 
yet been elucidated. The present study reported that IGF2BP2 
was upregulated in ESCC and its adjacent cancerous tissues, 
compared with normal adjacent tissues. IGF2BP2 expression 
was associated with increased clinical tumor stages, lymphatic 
infiltration and LNM. The present study also revealed that 
IGF2BP2 played regulatory roles in ESCC cell survival, 
proliferation and migration.

Autoantibodies against tumor‑associated antigen 
(IGF2BP2/p62) have been revealed to increase as ESCC 
progresses (35). A previous study determined that IGF2BP2 
expression was elevated in patients with EAC and precan‑
cerous Barret's esophagus lesion, with higher expression levels 
being associated with metastasis and the poor survival of 
patients (15). In the present study, IGF2BP2 expression was 
analyzed using RT‑qPCR and IHC in ESCC, adjacent ESCC 
and normal tissues obtained from the same patient. Consistent 
with previous studies (36), the present findings indicated that 
IGF2BP2 expression was highly increased in a large propor‑
tion of patients with ESCC and substantially associated with 
the degree of tumor differentiation, TNM staging, LNM and 
lymphatic infiltration. Therefore, IGF2BP2 could act as an 
unfavorable biomarker for the development and prognosis of 
ESCC. Further studies are required to understand the asso‑
ciation between IGF2BP2 expression and the survival rates of 
patients with ESCC.

A previous study demonstrated that miR‑141 silencing 
induced the upregulation of IGF2BP2, which promoted 
pancreatic cancer cell proliferation and survival through 
the PI3K/AKT signaling pathway (37). In addition, newly 
discovered Cys‑His protein 2 and muscle RING-finger 3 
mRNAs have been determined to be post‑transcriptionally 
regulated and involved in the regulatory mechanism of 
cytoskeleton remodeling and membrane integrity mainte‑
nance via IGF2BP2, and IFG2BP2 inhibition results in the 
reduction of cell motility and invasive capacity in rhabdo‑
myosarcoma (38). Moreover, the dysregulation of IGF2BP2 
and METTL3 was indicated to trigger colorectal cancer 
progression and metastasis  (39). Changes in biological 
phenotypes in the progression of ESCC were then examined 

using ESCC cell lines (TE‑1 and TE‑10) transfected with 
IGF2BP2‑siRNA in vitro, compared with siRNA‑NC‑treated 
cells. The present in vitro results were consistent with the 
clinical findings of IGF2BP2 in human ESCC tissues, 
indicating that the downregulation of IGF2BP2 negatively 
affected ESCC cell proliferation and migration by inducing 
cell cycle arrest and apoptosis. Therefore, IGF2BP2 may 
serve as a tumor promoter in ESCC.

The present work aimed to determine the expression 
profile of IGF2BP2 in ESCC and its association with the 
clinicopathological features of patients with ESCC. RT‑qPCR 
analysis revealed that IGF2BP2 expression levels were elevated 
in ESCC tissues, while loss of function demonstrated that 
IGF2BP2 downregulation promoted ESCC cell apoptosis and 
suppressed cell proliferation and migration. The results of the 
present study may provide a valuable insight into the expres‑
sion of IGF2BP2 in ESCC cell progression and may help to 
develop novel therapeutic approaches for ESCC diagnosis and 
therapy.
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