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Background and aim: Long non-coding RNA nuclear-enriched abundant transcript 1

(NEAT1) is abnormally expressed in various human malignancies, including hepatocellular

carcinoma (HCC). Let-7b is a miRNA with the effect of a tumor suppressor gene, and its

expression level in various tumor tissues is lower than that in normal tissues. Studies have

found that IGF-1R can be abnormally activated in the process of hepatocyte deterioration,

and the expression level of IGF-1R in HCC is significantly up-regulated. The aim of this

study was to investigate the functional mechanism of NEAT1/let-7b-IGF-1R axis in HCC.

Methods: The expressions of NEAT1 and microRNA (miR)-let-7b in HCC tissues and cell lines

were quantified by quantitative real-time PCR (qRT-PCR). The effect of NEAT1 on tumor growth

was observed in a mice model of transplanted hepatoma. The effects of down-regulation or up-

regulation of NEAT1 expression in HCC cell lines were analysed from the perspectives of cell

viability and apoptosis. The binding sites of NEAT1 and miR-let-7b were predicted by biological

software. The expression of the miR-let-7b target molecules IGF-1R was detected by Western

blotting.

Results: The results showed that the expressions of NEAT1 were significantly increased, while

the expressions of miR-let-7b were decreased in the HCC tissues and cell lines. Additionally, it was

found that the expressions ofNEAT1 andmiR-let-7b showed a negative correlation in HCC tissues.

The mouse model experiments confirmed that the interference with NEAT1 expression inhibited

the tumor growth. Meanwhile, the cell viability of HepG2/Huh7 cell lines was significantly

decreased via the downregulation of NEAT1, whereas the corresponding rates of apoptosis were

significantly increased. It was further proven that there was a certain negative regulatory mechan-

ism between NEAT1 and miR-1et-7b, which was related to the expression of IGF-1R.

Conclusion: The over-expression of NEAT1 could promote the proliferation of HCC cells

by inhibiting the expression of the miR-let-7b regulated by IGF-1R.

Keywords: long non-coding RNA NEAT1, microRNA-let-7b, hepatocellular carcinoma,

IGF-1R, transplanted hepatoma mice model

Background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors, which

has the characteristics of high morbidity, poor prognosis and high mortality.1,2 By the

time symptoms appear, hepatocellular carcinoma has entered the middle and advanced

stage, so the cure rate is very low.3 Currently, hepatectomy and selective liver transplan-

tation are effective treatments, but most patients have missed the best time for surgery.
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Therefore, finding markers for early diagnosis of HCC is the

key to current studies. It has been found that tumor is

a complex genetic disease, and various genetic or environ-

mental carcinogenic factors may synergistically or sequen-

tially activate proto-oncogenes and/or inactivate tumor

suppressor genes, thus causing abnormal gene expression

and ultimately carcinogenesis of target cells.4 In the process

of tumor development, tumor suppressor gene expression

deletion or oncogene over-expression are involved.5,6

Micro RNA (miRNA) is a kind of non-coding single-

stranded small molecular RNA, which is involved in phy-

siological processes such as growth, metabolism, and

apoptosis in vivo.7 miRNA can regulate the expressions

of target genes, mainly by binding to the 3 ‘UTR of target

gene mRNA, so as to degrade the target gene mRNA or

inhibit the protein synthesis at the transcription level.8,9

Recent studies have shown that miRNA are abnormally

expressed in liver cancer tissues and can promote the

proliferation of HCC cells by regulating target genes,

which are miRNA with the role of oncogenes.10–12 On

the contrary, miRNA with anti-oncogene effect can induce

apoptosis of cancer cells.13,14 RNA interference (RNAi)

refers to the degradation of a specific gene induced by

double-stranded RNA (dsRNA) homologous to the target

gene sequence during evolution.15 RNAi technology is an

effective means to specifically inhibit gene expression and

has been applied in gene-targeted therapy for major dis-

eases such as tumor.16 It was found that the vector plasmid

constructed by lentivirus could stabilize the transfected

cells and achieve the purpose of gene silencing.17

The NEAT1, the core structure of the neat site, is involved

in the transcriptional regulation of various genes.18 The

NEAT1 is abnormally expressed in various human malignan-

cies, such as glioma, ovarian cancer, leukemia and breast

cancer.19–21 Studies have found that the NEAT1 interacts

with various RNA-binding proteins located in the neat site,

and regulates the mRNA removal from the nucleus, thus

promoting the occurrence and development of the tumor.22

In 2018, Zheng et al demonstrated that HIF-2α activated

lncRNANEAT1 promotes hepatocellular carcinoma cell inva-

sion and metastasis by affecting the epithelial-mesenchymal

transition.23 Inspired by this research, we aim to investigate the

deep role and mechanism of NEAT1 in HCC.

As a member of the let-7 family, let-7b is a miRNA

with the effect of tumor suppressor gene, and its expres-

sion level in various tumor tissues is lower than that in

normal tissues.24,25 In addition, human insulin-like growth

factor type 1 receptor (IGF-1R), as a new target of tumor

therapy, has become a research hotspot of anti-tumor tar-

geted drugs.26 Studies have found that IGF-1R can be

abnormally activated in the process of hepatocyte dete-

rioration, and the expression level of IGF-1R in HCC is

significantly up-regulated.27 Then, during the occurrence

and development of HCC, what will be the interaction

mechanism of NEAT1, let-7b, and IGF-1R. In the present

study, the functional mechanism of long non-coding RNA

NEAT1 in HCC was investigated, so as to provide

a certain theoretical basis for clinical studies.

Materials and Methods
Materials
Animals

24 BALB/c athymic nude mouse, 4–5 weeks of age, were

provided by Shandong Provincial Third Hospital. This

study was performed with the approval of the local ethical

committee and all the experiments were performed accord-

ing to the National Institutes of Health Guide for the Care

and Use of Laboratory Animals.

Patients with HCC

The HCC tissues (n=25) and corresponding para-cancer

tissues (n=25) of patients pathologically diagnosed as

HCC in Shandong Provincial Third Hospital were used

for the experiment. The patients did not receive local or

systemic treatment before operation. All tissue samples

were immediately stored in a refrigerator at −80 °C after

collection. All the patients who participated in this experi-

ment were informed in writing of the purpose of this study.

HCC Cell Lines

The human HCC cell lines (HepG2, SMMC 7721, Bel 7402

and Huh7) and an immortalized normal liver cell line (L02)

were obtained from the Type Culture Collection of the

Chinese Academy of Sciences (Beijing, China), and were

maintained in a Dulbecco’s modified Eagle’s medium

(DMEM, Gibco Life Technologies, Grand Island, NY, USA)

supplemented with 10% fetal bovine serum (FBS, Gibco Life

Technologies, Grand Island, NY, USA), 100 U·mL−1 penicil-

lin and 0.1 mg·mL−1 streptomycin in a humidified chamber at

37°C with 95% air and 5% CO2 atmosphere.

Quantitative Real-Time PCR (qRT-PCR)
The miRNeasy Mini Kit (Qiagen) and Trizol reagent

(Invitrogen) were used to extract the microRNAs and total

RNA of HCC tissues or cell lines, respectively. Absorbance

was measured at 260 nm using a NanoDrop ND-2000 for
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RNA quantification. RNA was reversely transcribed into

cDNA using Super Script VILO cDNA Synthesis Kit

(Thermo Fisher Scientific). The forward primer of NEAT1

was 5ʹ-TTGTTCCAGAGCCCATGAT-3ʹ, and the reverse

primer was 5ʹ-TGAAAACCTTTACCCCAGGA-3ʹ. qRT-

PCR used Super Script III Platinum SYBR Green One-Step

qRT-PCR Kit (Invitrogen) and the reaction conditions were

95°C for 10 min, 95°C for 30 s, 60°C for 30 s, and 74°C for

25 s (38 cycles). The mRNA expressions of NEAT1 and

miR-let-7b were quantified by the TaqMan Non-coding

RNA/MicroRNA Assays (Thermo Fisher Scientific).

The Assay of Tumor-Bearing Mice
24 BALB/c athymic nude mouse was randomly divided

into the lentiviral vector carrying negative control (Lv-si-

NC) group and the lentiviral vector carrying si-NEAT1

(Lv-si-NEAT1) group. In the Lv-si-NC group, the HepG2

cells transfected with an Lv-si-NC were suspended in

80 mL PBS and then injected subcutaneously into either

side of mice. In the Lv-si-NEAT1 group, an Lv-si-NEAT1

was used to transfect into the HepG2 cells. The mouse was

maintained in an SPF grade environment with free access

to standard pellet diet and water. The growth of tumor in

mice was monitored weekly and the tumor volume (V)

was calculated as described in the literature.28

The Transfection of miR/siRNA
The siRNAs were transfected into the HepG2 and Huh7

cells using Lipofectamine RNAiMAX reagent (Invitrogen).

The cells were re-transfected after the first transfection and

cultured for 48 h. The interference efficiency of siRNA in

HepG2/Huh7 was detected by qRT-PCR (Table 1).

The synthetic oligonucleotides (Beijing AuGCT DNA-

SYN Biotechnology Co. Ltd) was used to construct the pre-

let-7b expression plasmid. The HCC cells were adhered to

the wall for 24 hrs in the growth medium without antibiotics.

According to the manufacturer’s instructions, the Roche

(No. 04476093001, 06366236001) was used to transiently

transfect the siRNAs against IGF-1R, pre-let-7b expression

plasmid or pcDNA6.2-GW vector into the HCC cells.

The cells were transfected with the pre-let-7b control

(pcDNA6.2-GWvector), scramble siRNA and anti-let-7b con-

trol as negative controls. The primer of small interfering RNA

against IGF-1R (si-IGF-1R#1, No. 2779; si-IGF-1R#2, No.

2122) was purchased from Gene Pharma. All the miRNA/

siRNAwere transfected for 24 h.

Detection of Cell Viability and Apoptosis
The cell viability was quantified by WST-1 reagent (Roche),

which was added directly into the HepG2 or Huh7 cells, and

then the cells were incubated for 30 min. The absorbance

value at 630 nm was determined, and the absorbance value

at 450 nm was used as reference. The amounts of living cells

were calculated according to absorbance value.

The TUNEL Apoptosis Assay Kit (Roche) was used to

detect the apoptosis of cells, and the specific steps were carried

out in strict accordance with the manufacturer’s instructions.

The Assay of Luciferase
In the present study, all the DNA constructs were derived

from pGL3 luciferase reporter vectors (Promega). The geno-

mic DNA of human HCC cells were used to amplify the

human 3=UTR sequences by PCR. The vectors cloned with

PCR products were used for the transfection of HCC cells.

The transfected cells were lysed with a lysis solution for 15

min, and the Dual-Luciferase Reporter Assay System

(Promega) was used to detect the luciferase activity.

Western Blot Analysis
A total protein extraction kit (Sigma-Aldrich) was used to

extract the total protein of HCC cells. The protein concentra-

tion was determined by BCA kit (Beyotime Institute of

Biotechnology). The SDS-PAGE electrophoresis was used

for the separation of samples. After electrophoresis, the pro-

teins on the gel were transferred to a polyvinylidene difluoride

(PVDF) membrane. Then, 5% bovine serum albumin was

used to closed of PVDF membrane at 4 °C to save up for the

night. After incubation with primary antibody for 2 h, the

PVDF membrane was washed with Tris-buffered saline-

Tween 20 (TBST, BioTNT) for three times. Then, the PVDF

membrane was incubated by horseradish peroxidase-labeled

secondary antibody dilution (BD Biosciences) for 1 h. After

Table 1 Primers of qRT-PCR Genes

Gene Name NEAT1 siRNA Control siRNA

Forward primer 5ʹ-phosGUGAGAAGUUGCUUAGAAACUUUdCdC-3’ 5ʹ-GUACCUGACUAGUCGCAGAAG-3’

Reverse primer 5ʹ -GGAAAGUUUCUAAGCAACUUCUCACUU-3’ 5ʹ UCUGCGACUAGUCAGGUACGG-3’
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washed with TBST three times, the PVDF membrane was

detected by Western Blotting Substrate ECL (Invitrogen).

The Assay of 5-Ethynyl-20-Deoxyuridine

(EDU)
A Cell Light EDU DNA imaging kit (Guangzhou RiboBio)

was used to the assay of EDU. Briefly, after the cells trans-

fected for 24 h on 96-well plates, the 100 mM of EDU has

used to culture the cells for 2 h. The specific steps of cell

staining were strictly followed in accordance with the man-

ufacturer’s instructions. A BD Pathway 855 high-content

analysis system (BD, San Jose, CA, USA) was used to

image and analyze the cells. The percentage of EDU-

positive cells was calculated as follows:

EDU positive percentage¼ ðEDU cells� Hoechst cellsÞ
� 100%

(1)

EDU cells: The number of EDU-strained cells;

Hoechst cells: The number of Hoechst-strained cells.

Statistical Analysis
The data were presented as mean± SD. The significance

analysis was analyzed by Bonferroni’s posttest and one

way ANOVA (P <0.05). GraphPad Prism (Graph-Pad

Software, La Jolla, CA) was used to process all statistical

analyses and graphing.

Results
The Expressions of NEAT1 and

miR-Let7b in HCC Tissues and Cell Lines
Studies have shown that the NEAT1 abnormal expression

in vivo is related to various human cancers. In the present

study, the NEAT1 expression in HCC tissues and its correla-

tion with the expression of miR-let-7b were investigated. As

shown in Figure 1A, the expression of NEAT1 in HCC

tissues was significantly higher than that in the adjacent non-

tumor tissues. The result of linear regression (Figure 1C)

suggested that the mRNA expression of NEAT1 was nega-

tively correlated with that of miR-let-7b in the HCC tissues.

In addition, the expressions of NEAT1 and let-7b in the HCC

cell lines (HepG2, SMMC, Bel-7402 and Huh-7) were mea-

sured, and the results were consistent with the trend of

research results in HCC tissues. The results suggested that

NEAT1 expression in HCC cell lines was significantly

increased, compared to the L02 (normal liver) cells

(Figure 1B). Compared with the L02 cells, the expression

of miR-let-7b in HCC cell lines was lower (Figure 1D).

Therefore, these results indicated that NEAT1 expression

was abnormal in HCC tissues/cells, and there was a highly

negative correlation between the mRNA expression NEAT1

and miR-let-7 in HCC tissues.

Effect of NEAT1 Expression on Tumor

Growth
In the present study, a mice model of transplanted hepatoma

was used to observe the role of NEAT1 expression in tumor

growth. After subcutaneous injection of HepG2 with

NEAT1 plasmids or NEAT1 silencing, the tumor volume

in mouse was continuously observed for 28 days. The results

showed that the tumor volume was markedly decreased in

the si-NEAT1 group (Figure 2A), and NEAT1 plasmid group

was increased (Figure 2B). Furthermore, HCC cell prolif-

eration was inhibited by NEAT1 silencing and were pro-

moted by NEAT1 over-expression (Figure 2C).

Role of NEAT1 Expression in the

Proliferation and Apoptosis of HCC Cell

Lines
In this study, the expression of NEAT1 was downregulated

by the RNA interference technique to investigate the effect of

NEAT1 expression on the physiological activity of HCC cell

lines (HepG2 and Huh7). As shown in Figure 3A, the results

of qRT-PCR showed that the HCC cell lines with low

NEAT1 expression (si-HepG2 and si-Huh7) were success-

fully obtained. In addition, the cell viability of si-HepG2 and

si-Huh7 were significantly decreased (Figure 3B), and the

apoptosis rates of si-HepG2 and si-Huh7 were remarkably

increased (Figure 3C–E). These results indicated that the

down-regulation of NEAT1 expression could inhibit the pro-

liferation and induce the apoptosis of HepG2 and Huh7 cells.

Role of Let-7b on NEAT1-Induced the

Proliferation in HCC Cells
The potential targeted microRNAs of NEAT1, such as

Targetscan, Starbase, and microRNA.org, were searched

by bioinformatics analysis. Figure 4A shows the bioinfor-

matics results, and we found that the NEAT1 was the pre-

dictive gene of let-7b, as a let-7b binding site was found in

the NEAT1 transcript. In addition, the result of dual-

luciferase reporter assay suggested that, by up-regulating

the expression of Let-7b, the relative luciferase activity in

HEK293 cells transfected with wild type (WT) vector was

decreased, and the Mut vector could recover this inhibition
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(Figure 4B). In order to investigate the effect of let-7b over-

expression on the NEAT1-regulated proliferation and apop-

tosis of cells, the let-7b mimic was used to transfect the

HepG2 and Huh7 cells. And the result of let-7b mRNA

levels in HepG2 and Huh7 cells were shown in Figure 4C.

It was obvious that NEAT1 WT could significantly lower

the luciferase activity of let-7b. Figure 4D shows that the

cell viabilities of NEAT1 group were dramatically reversed

by the co-transfection of let-7b mimics in both HepG2 and

Huh7 cells. Figure 4E and F demonstrate that the cell

apoptosis of HepG2 and Huh7 cells were dramatically

reversed by co-transfection of let-7b mimics.

Identification of IGF-1R as A Let-7b

Target Binding Site
In the present study, the computational programs TargetScan

(http://www.targetscan.org/), PicTar (http://pictar.mdc-berlin.

de/cgi-bin) and miRanda (www.microrna.org/) were used to

predict the target let-7b binding site. Figure 5A demonstrates

that IGF-1R had a shared binding sequence with let-7b. Since

IGF-1R was considered to be involved in the regulation of

HCC, the interaction between let-7b and IGF-1R was investi-

gated. A dual-luciferase reporter assay was performed using

vectors containing let-7b precursors (PRE) and mutant let-

7b binding site (MUT) to determine target specificity between

Figure 1 The expressions of NEAT1 and miR-let-7b in HCC tissues/cell lines. (A) The relative expression of NEAT1 in HCC tissues (n=25) and adjacent non-tumor tissues

(n=25, GAPDH as an internal normalizer). (B) The relative expression of NEAT1 in cells (HepG2, SMMC, Bel-7402, Huh-7 and L02). (C) The linear regression analysis of the

expressions of NEAT1 and miR-let-7b (U6 as an internal normalizer) in HCC tissues (n=25). (D) The relative expression of miR-let-7b in cells. *P <0.05.
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let-7b and IGF-1R. The result of dual-luciferase reporter assay

suggested that the relative luciferase activity in HEK293 cells

co-transfected with et-7b precursors and IGF-1R WT was

significantly lower than HEK293T cells transfected with

MUT (Figure 5C). In addition, the HepG2 and Huh7 cells

were transfected with the let-7b precursor. And the results

showed that the mRNA and protein expressions of IGF-1R in

the HepG2 and Huh7 cells were downregulated by transfected

with the let-7b precursor, compared with the control group that

was transfected with the empty vector (Figure 5B, D and E).

However, after transfection of let-7b inhibitor into the HepG2

and Huh7 cells, the opposite results were detected.

Role of IGF-1R on NEAT1- and Let-7b-

Induced the Cell Viability and Proliferation in

HCC Cells
In the present study, the HepG2 and Huh7 cells were

transfected with IGF-1R siRNA and scramble siRNA. As

shown in Figure 6A, the mRNA expression of IGF-1R in

the HepG2 and Huh7 cells were significantly decreased in

the IGF-1R siRNA group, compared with the scramble

siRNA group. In addition, the promotion effects of

NEAT1 on cell viability and proliferation were inhibited

by IGF-1R interfering (Figure 6B and C). Then the effect

of IGF-1R on Let-7b inhibitor-induced cell proliferation

was investigated. As shown in Figure 6D and E, the cell

viability and the percentage of Edu positive cells were

increased by let-7b inhibitor, while these effects were

attenuated by IGF-1R siRNA transfection.

Discussion
Hepatocellular carcinoma (HCC) is one of the most common

malignant tumors in clinical practice, which involves abnor-

mal activation of multiple signaling pathways, including gene

mutation, chromosome aberration, abnormal secretion of

growth factors and epigenetic changes.29–31 Early diagnosis

Figure 2 Effect of interfering with NEAT1 expression on tumor growth. (A) Effect of NEAT1 silencing on tumor growth in mice. (B) Effect of NEAT1 over-expression on

tumor growth in mice. (C) Immunohistochemical staining of Ki-67. *P <0.05, **P <0.05.
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Figure 3 Effect of NEAT1 expression on the proliferation and apoptosis of HepG2/Huh7 cells. (A) Detection of NEAT1 expression in HepG2/Huh7 cells by qRT-PCR. (B) Effect of
NEAT1 expression on the proliferation of HepG2/Huh7 cells. (C) The TUNEL (terminal deoxynucleotidyl transferase dUTP nickend labeling) and EDU labeling of HepG2/Huh7

cells. (D) Effect of NEAT1 expression on the percentage of TUNEL positive cells. (E) Effect of NEAT1 expression on the percentage of EDU positive cells. **P <0.05.
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and effective treatment of HCC is still a worldwide medical

problem.32,33 Therefore, findingmarkers for early diagnosis of

HCC is the key to current studies. In this study, the mouse

model of liver cancer transplantation, HCC tissues, and cell

lines were selected as the study objects. And the results

indicated that the NEAT1 could promote the proliferation of

HCC cells by inhibiting the expression of the miR-let-7b

regulated by IGF-1R.

Figure 4 Role of let-7b on NEAT1-induced the proliferation in HCC cells. (A) Bioinformatic analysis showed the common binding sequence between let-7b and NEAT1. (B)
Effect of Let-7b expression on the luciferase activity in HEK293 cells transfected with NEAT1 or shNEAT1. (C) Detection of the mRNA levels of let-7b in HepG2 and Huh7

cells by qRT-PCR. (D) Detection of the cell viability of HepG2 and Huh7 cells. (E) Effect of let-7b expression on the percentage of TUNEL positive cells. (F) Effect of let-7b
expression on the percentage of EDU positive cells. *P <0.05 vs control in HepG2, #P <0.05 vs control in Huh7, **P <0.05.
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Guo et al found that, compared to the adjacent normal

liver tissues, NEAT1 was highly expressed in the HCC

tissues, which associated with the expression levels of,

MALAT1, MDTH, and NM23.34 Mang et al revealed that

the NEAT1 expression was upregulated in HCC tissues,

which promoted the proliferation, invasion, and migration

of HCC cells via the NEAT1-hnRNP A2.35 In this study,

NEAT1 was abnormally expressed in HCC tissues/cells, and

the NEAT1 down-regulation expression could inhibit the

proliferation and induce the apoptosis of HepG2 and Huh7

cells, which was consistent with the results reported in the

literature. In recent years, RNA interference technology has

been successfully applied in tumor gene therapy.36,37 In this

study, the lentiviral vector carrying si-NEAT1 was trans-

fected into the HepG2 cells to establish a mouse model of

liver cancer transplantation, and the results showed that the

NEAT1 expression down-regulation could inhibit the growth

rate of tumor and the proliferation of HCC cells.

Studies have confirmed that let-7b is a miRNAwith the

effect of tumor suppressor gene, and its expression level in

Figure 5 Identification of IGF-1R as a let-7b target binding site. (A) Bioinformatic analysis showed the common binding sequence between IGF-1R and let-7b. (B) Detection

of the mRNA expression of IGF-1R in the HepG2 and Huh7 cells. (C) Analysis of the relative luciferase activity in HEK-293T cells co-transfected with et-7b precursors and

IGF-1R WT. (D) Detection of the protein expression of IGF-1R in HCC cells by Western blot. *P <0.05 vs control in HepG2, #P <0.05 vs control in Huh7, **P <0.05.
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Figure 6 Role of IGF-1R on NEAT1- and let-7b-induced the cell viability and proliferation in HCC cells. (A) Detection of mRNA expression of IGF-1R in HepG2 and Huh7 cells

transfected with scramble siRNA or IGF-1R siRNA by qRT-PCR. The cell viability (B) and the percentage of EDU positive cells (C) of HepG2 and Huh7 cells transfected with NEAT1 or

IGF-1R siRNA alone or co-transfection NEAT1 and IGF-1R siRNA. The cell viability (D) and the percentage of EDU positive cells (E) of HepG2 and Huh7 cells transfected with let-7b
inhibitor or IGF-1R siRNA alone or co-transfection with let-7b inhibitor and IGF-1R siRNA. *P <0.05 vs control in HepG2, #P <0.05 vs control in Huh7, **P <0.05.
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various tumor tissues is lower than that in normal

tissues.24,38–40 In the present study, the bioinformatics

analysis showed that the NEAT1 was the predictive gene

of let-7b, as a let-7b binding site was found in the NEAT1

transcript. On the basis of the target gene prediction, the

result of dual-luciferase reporter assay suggested that the

NEAT1 gene was neatly regulated by the let-7b over-

expression vector transfected into HEK293 cells. To

further investigate the effect of miRNA let-7b on the

proliferation and apoptosis of HCC cells, let-7b mimic

was transfected into HepG2 and Huh7 cells. And the

functional experiments showed that the roles of NEAT1

in the proliferation and apoptosis of HepG2 and Huh7

cells were dramatically reversed by co-transfection of let-

7b mimics. In addition, there was a highly negative corre-

lation between the mRNA expression NEAT1 and miR-let

-7 in HCC tissues. Therefore, it was inferred that the

NEAT1 gene expression was regulated by let-7b in HCC

tissues or cells.

Conclusion
Studies have shown that IGF-1R is involved in regulating

the growth, proliferation, apoptosis and other physiologi-

cal processes of HCC cells.27,41,42 In vivo experiments

confirmed that IGF-1R could inhibit the growth and metas-

tasis of HCC cells.43 Since IGF-1R was considered to be

involved in the regulation of HCC, the interaction between

let-7b and IGF-1R was investigated. The present study

indicated that IGF-1R was a let-7b target binding site,

and transfecting with the let-7b precursor could inhibit

the mRNA and protein expressions of IGF-1R in the

HepG2 and Huh7 cells. In addition, IGF-1R could inhibit

the promotion effects of NEAT1 on the cell viability and

proliferation in HepG2 and Huh7 cells. As mentioned

above, the NEAT1 could promote the proliferation of

HCC cells by inhibiting the expression of the miR-let-7b

regulated by IGF-1R. It was speculated that this might be

the NEAT1’s specific mechanism for promoting the devel-

opment of HCC. The present study provided a new theo-

retical basis for the pathogenesis of HCC and was

conducive to the diagnosis and treatment of HCC.
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