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Introduction

Lung cancer is the most common and fatal malignancy 
in humans with lung adenocarcinoma (LUAD) being the 
predominant form (1,2). Despite significant improvements 
being made in targeted therapy in recent years, the clinical 

prognosis of LUAD patients remains dismal (3), and thus 

further investigations into more effective therapeutic targets 

for LUAD are required.

MicroRNAs (miRNAs) are about 20-nucleotide-

long single-stranded noncoding RNAs (4). The hallmark 
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function of miRNAs is to downregulate the expression 
of their target genes by binding to their mRNAs’ 3' 
untranslated region (3'UTR) (5). Studies have suggested 
that the majority of coding genes are potential targets of 
miRNAs (6). In addition, miRNAs are aberrantly altered 
in many diseases including a wide variety of cancers (4,7). 
Let-7 is among the first miRNAs that were discovered and 
widely accepted as a tumor suppressor miRNA family (8,9). 
Several let-7 family members have been progressively used 
for clinical diagnosis and prognostic evaluation of lung 
cancer (10-12). Let-7b-3p, previously known as let-7b, 
was conventionally regarded as the passenger strand was 
considered to have no biological function. In recent years, 
however, relevant studies have revealed let-7b-3p to play a 
significant role in various of diseases (13-15). Despite this, 
the specific role and mechanism of let-7b-3p in LUAD 
remains unclear.

RNA polymerase III (RNA Pol III) is an important 
component of the eukaryotic transcriptional machinery 
that participates in transcription of small untranslated  
RNAs (16). Abnormally expressed Pol III products 
have been found in multiple cancer types (17). TFIIB-
related factor 2 (BRF2) is a subunit of the RNA Pol III 
transcription factor (TFIIIB) complex and critical for RNA 
Pol III to initiate transcription accurately (18,19). BRF2 
acts as an oncogene in numerous malignancies such as lung, 
gastric, kidney, and esophageal cancers (20-22). Although 
some studies have indicated that BRF2 can promote the 
progression of lung cancer cells (23-25), the role of BRF2 in 
vivo and the mechanisms of action of BRF2 in lung cancer, 
especially in LUAD remain largely unknown.

In this study, we detected the expression of let-7b-
3p in LUAD tissues and cell lines and examined the 
functions of let-7b-3p in LUAD both in vitro and in vivo. 
Let-7b-3p expression was found to be downregulated 
in both LUAD cells and tissues. Moreover, low let-
7b-3p  expre s s ion  was  a s soc i a t ed  w i th  a  poorer 
prognosis of LUAD patients. Both in vitro and in vivo 
experiments showed that let-7b-3p suppressed the 
development of LUAD cells by directly targeting BRF2. 
Transcriptome sequencing analysis and Western blotting 
(WB) assay also confirmed that BRF2 could affect 
MAPK/ERK pathway. Overall, this study provides insight 
into a new therapeutic miRNA target for the clinical 
treatment of LUAD. We present the following article 
in accordance with the ARRIVE reporting checklist 
(available at http://dx.doi.org/10.21037/tlcr-21-299).

Methods

Clinical tissue specimen collection and ethical approvals

Fifty LUAD tissues and corresponding adjacent normal 
lung tissues were collected from patients undergoing 
surgery in the Thoracic Surgery Department, Qilu Hospital 
of Shandong University from January 2018 to July 2019. All 
tissue samples were immediately placed into liquid nitrogen 
after surgical resection. Ten pairs of LUAD cancer tissue 
and their corresponding adjacent tissue blocks, prepared 
in triplicate separately for hematoxylin and eosin (HE) 
staining and immunohistochemistry (IHC) and fluorescence 
in situ hybridization (FISH) assays, were obtained from 
the pathology department of our hospital. This study was 
reviewed and approved by the Medical Ethics Committee 
of Qilu Hospital of Shandong University (No. KYLL-
2016-097) and conformed to the tenets of the Declaration 
of Helsinki (as revised in 2013). Each patient or their family 
signed an informed consent form.

Cell cultures, transfection, and lentivirus transduction

LUAD cell lines (A549, PC9, H1299, H157, H1975), 
human bronchial epithelial (HBE) cell line, and HEK293 
cell line were obtained from Shanghai Academy of Science 
(Shanghai, China). PPMI-1640 with 10% fetal bovine 
serum (FBS; Gibco, USA) was used as medium, and the 
cells were incubated under 5% CO2 at 37 ℃. Mimic-let-
7b-3p, inhibitor-let-7b-3p, pcDNA3.1-BRF2, si-BRF2 
(5'-GCCUACUACCAACAGGCAUTT-3'), and their 
corresponding negative controls were purchased from 
GenePharma Co., Ltd. (Shanghai, China) for in vitro assays. 
They were separately transfected into H1299 and A549 
cells using Lipofectamine 3000 (Thermo Fisher Scientific, 
USA). The anti-let-7b-3p lentivirus (LV-let-7b-3p-
inhibitor) and the corresponding negative control (LV-NC-
inhibitor) were sourced from Jikai Co. (Shanghai, China) 
and transduced into A549 cells for in vivo experiments. 
The stably transduced cells were selected using puromycin  
(2 μg/mL) for 7 days.

Total RNA extraction and quantitative real-time 
polymerase chain reaction (qRT-PCR)

Total RNA from the cells and tissues was isolated using 
TRIzol reagent (Takara, Japan) and the complement 
DNA (cDNA)  was  subsequent ly  genera ted  by  a 
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reverse transcription kit (Takara, Japan). qRT-PCR 
amplification was then done using the Bio-Rad IQ 5 real-
time PCR system with SYBR Green Supermix (Bio-
Rad, Hercules, CA, USA). GAPDH and U6 were used 
as endogenous controls. The primers were purchased 
from Sangon Biotech Co., Ltd. (Shanghai, China). 
The oligonucleotides sequences were as follows: BRF2 
(F :  5 ' -GTGAAGCTCCTGGGACTGGAT-3' ,  R : 
5'-GTATTTGGCTGGCACAGAAGG-3'); GAPDH 
(F:  5 '-AGGTCGGTGTGAACGGATTTG-3' ,  R: 
5'-TGTAGACCATGTAGTTGAGGTCA-3'); Has-let-
7b-3p (F: 5'-CCTCCACCCTATACAACCTACTGC-3', 
R :  5 ' - C T C G A C C C T G G C A C C T- 3 ' ) ;  U 6  ( F : 
5 ' - C G C T T C G G C A G C A C A T A T A C - 3 ' ,  R : 
5'-TTCACGAATTTGCGTGTCAT-3'). The tests were 
performed in triplicate, with data analysis being performed 
using the 2–∆∆CT method.

WB assay

Total protein was isolated using RIPA lysis buffer (Beyotime, 
Jiangsu, China), and the concentration was measured using 
a bicinchoninic acid (BCA) kit. Subsequently, the protein 
was added into 10% SDS-PAGE gels for separation and 
then transferred onto polyvinylidene fluoride (PVDF) 
membranes. The membranes were then blocked with 5% 
skim milk for 1 hour at room temperature. After being 
washed in tris-buffered saline with Tween 20 (TBST)  
(3 times for 10 minutes), the membranes were incubated with 
the corresponding primary antibody at 4 ℃ for 24 hours. 
They were then washed with TBST (3 times for 10 minutes) 
and incubated with secondary antibodies for 1 hour at room 
temperature. All antibodies were purchased from GeneTex 
(Irvine, CA, USA). Finally, the membranes were detected 
using the enhanced chemiluminescence (ECL) system, and 
GAPDH was used as an internal control.

HE staining and IHC

For HE staining, sections were deparaffinized in xylene and 
then hydrated with decreasing concentrations of alcohol. 
The sections were then stained with HE and imaged 
under an optical microscope. For IHC, the sections were 
first dewaxed and rehydrated. They were then incubated 
with primary antibodies overnight at 4 ℃. Subsequently, 
they were incubated with secondary antibodies at room 
temperature for 1 hour after 3 washes with phosphate-

buffered saline (PBS). They were finally viewed, and images 
were captured using an optical microscope.

MTT cell proliferation assay

A549 and H1299 cells were cultured in 96-well microplates 
(3,000 cells/well). After transfection, the cells were 
cultured for 24, 48, 72, and 96 hours, and then, 20 µL of 
MTT solution (5 mg/mL; Solarbio, China) was added 
into each well. The cells were subsequently treated with  
200 µL dimethyl sulfoxide (DMSO; Solarbio, China) after 
incubation for 4 hours in absolute darkness. Finally, the 
absorbance of the cells was detected at 490 nm using a 
microplate reader. These experiments were repeated 3 times.

Colony formation assay

For colony formation assay, 1,000 transfected A549 or 
H1299 cells were cultured in each well in 6-well plates for 
15 days. The cells were stained with 0.1% crystal violet 
solution for 15 minutes after 30 minutes of fixation in 4% 
paraformaldehyde. They were then washed twice with 
PBS, and their images taken using a digital camera. These 
experiments were repeated 3 times.

Cell cycle and apoptosis analysis

For cell cycle analysis, harvested cells were fixed in 70% 
ethanol at 4 ℃ overnight. They were then suspended 
in 250 µL of RNase A buffer (100 ng/mL) and labeled 
with propidium iodide (PI, 25 mg/mL) for 30 minutes at  
37 ℃. Subsequently, a FACSCalibur Flow Cytometer (BD 
Biosciences, San Jose, CA, USA) was used to count different 
cell cycle phases. An Annexin-V-FITC apoptosis detection 
kit (Beyotime, Shanghai, China) was used for cell apoptosis 
assay according to the instruction manual. Each experiment 
was conducted in triplicate.

Wound-healing assay

Cells were evenly seeded into 6-well plates and incubated 
until they were completely fused. After 3 PBS washes, the 
plates were scratched in the center using sterile 200 μL  
pipette tips. The cells were then incubated in serum-
free PPMI-1640 medium. The wounds were measured 
and the micrographs captured at 0 and 24 hours under a 
microscope. The experiment was repeated 3 times.
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Transwell assay

For the Transwell assay, 5×104 transfected A549 or H1299 
cells in 200 µL of serum-free PPMI-1640 medium were 
seeded into the upper chambers of Transwell inserts 
(Corning, Corning, NY, USA) with or without Matrigel. 
Then, 600 μL of PPMI-1640 medium containing 20% 
FBS was added into the lower chambers. After 24-hour 
incubation, cells remaining in the upper chambers were 
removed with a cotton swab while those that had invaded 
the bottom surface were fixed with 75% ice-alcohol for  
30 minutes and stained with 1% crystal violet solution for 
20 minutes. An inverted microscope was then used for 
imaging. All assays were independently repeated 3 times.

FISH

Ten pairs of tissue slides were used for the FISH assay using 
a FISH kit sourced from RiboBio (Guangzhou, China). 
Briefly, the slides were dewaxed, air-dried, and dehydrated. 
They were then incubated at 37 ℃ in protease solution for  
2 hours. Next, tissue sections were added with let-7b-3p 
probe RiboBio (Guangzhou, China) and incubated overnight 
at 37 ℃.  After hybridization, the slides were washed  
(0.4× SSC, 0.3% NP-40) and then counterstained with 
DAPI. Finally, the slides were visualized, and micrographs 
taken using a confocal fluorescence microscope.

Dual luciferase assay

HEK-293 cells cultured in 24-well plates were transiently 
co-transfected with the wild-type (WT) or mutated (MUT) 
3‘UTR of BRF2 mRNA together with the mimic-let-7b-3p 
or mimic-NC. Then, 48 hours after transfection, the cells 
were collected, and the luciferase activity was measured 
using a dual luciferase assay kit (GeneCopoeia, Guangzhou, 
China). These experiments were repeated 3 times.

Experiments in vivo

Six-week-old nude mice were purchased from Shanghai 
Laboratory Animal Center, Laboratory Animal Company 
(Shanghai, China). For the tumor xenograft experiment,  
8 nude mice were randomly divided into two groups. Each 
nude mouse was subcutaneously injected in the right armpit 
with 5×106 A549 cells which stably expressed LV-let-7b-
3p-inhibitor or LV-NC-inhibitor. Tumor formation was 
monitored every 4 days up to 24 days post inoculation. 

The volumes of tumors were estimated using the following 
equation: V = (length × width2)/2. The mice were 
euthanized and the tumors were harvested at the end of the 
study (day 24). Then, 6 other nude mice were randomly 
divided into two groups to establish the lung metastasis 
experimental model. Each nude mouse received a tail vein 
injection with 2×106 A549 cells that expressed LV-let-7b-3p-
inhibitor or LV-NC-inhibitor. The lungs of the mice were 
harvested after 2 months, and their metastatic nodes were 
counted. All the specimens were further subjected to HE 
staining and IHC. The animal experiments were performed 
under a project license (SCXK Lu 20090001) granted by the 
Shandong University Animal Research Ethics Committee, 
in compliance with institutional guidelines for the care and 
use of animals.

Data acquisition and transcriptome sequencing

Gene expression data and clinical information of LUAD 
patients in The Cancer Genome Atlas (TCGA) database 
were downloaded from UCSC Xena Browser (https://
xenabrowser.net/). The downstream targets of let-7b-
3p were predicted by MiRDB (www.mirdb.org), MiRbase 
(www.mirbase.org), and TargetScan (www.targetscan.
org) bioinformatics software. Library preparation and 
transcriptome sequencing was performed by the HuaDa 
Corporation (Beijing, China).

Statistical analysis

All experiments were independently repeated at 3 times. 
Data analyses were conducted using the GraphPad Prism 
(GraphPad, San Diego, CA, USA) and R (version 3.6.1) 
software (R Foundation for Statistical Computing, Vienna, 
Austria). Experimental results are expressed as mean ± 
SD. Student’s t-test (two-sided), Kaplan-Meier survival 
analysis, and Pearson’s correlation analysis were performed 
as indicated. One-way ANOVA was used to compare the 
differences among more than two groups. A P value less 
than 0.05 (P<0.05) indicated a significant difference between 
groups.

Results

Let-7b-3p expression was downregulated in LUAD

Let-7b-3p expression was first analyzed in TCGA database. 
Compared with normal lung tissues, decreased let-7b-
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3p expression was observed in LUAD tissues (P<0.0001; 
Figure 1A). The Kaplan-Meier survival analysis showed 
that patients with low let-7b-3p expression had a lower 
overall survival percentage (P=0.018; Figure 1B). Then, 
qRT-PCR assay was used to detect let-7b-3p expression 
in 50 pairs of LUAD tissues and matched paracancerous 
tissues. Significantly low expression levels of let-7b-3p 
were observed in LUAD tissues (P<0.0001; Figure 1C). At 
the cellular level, let-7b-3p expression was significantly 
decreased in the 5 LUAD cell lines compared to that 
in the HBE cell line according to qRT-PCR assay 
(Figure 1D). FISH assay further revealed that adjacent 
normal lung tissues had a higher proportion of let-7b-
3p expressed cells than LUAD tissues (Figure 1E). In 
conclusion, let-7b-3p expression was decreased, and low 
let-7b-3p expression was correlated with a poor prognosis 
in LUAD patients.

Let-7b-3p inhibited LUAD cell proliferation

Among the LUAD cell lines, A549 cells had the highest let-
7b-3p expression level while H1299 cells had the lowest 
expression level (Figure 1D). These two cell lines were 
therefore selected for the follow-up experiments. A549 
and H1299 cells were transfected with inhibitor-let-7b-3p, 
mimic-let-7b-3p, and their corresponding negative controls. 
qRT-PCR assay was then used for detecting the transfection 
efficiency. Let-7b-3p expression was significantly decreased 
in A549 cells (P<0.01) while H1299 cells had a markedly 
upregulated let-7b-3p expression (P<0.01) compared 
to the negative controls (Figure 2A). When MTT and 
colony formation assays were performed, A549 cells in the 
inhibitor-let-7b-3p group were found to have a higher cell 
growth activity than the cells in the negative control group. 
In the H1299 cell line, the growth activity was significantly 
decreased in mimic-let-7b-3p H1299 cells compared to 
mimic-NC H1299 cells (Figure 2B,C). Flow cytometry 
results revealed that relatively high let-7b-3p expression 
significantly increased the G1-phase cell population but in 
turn reduced the cell population in the S phase (Figure 2D). 
This indicated that let-7b-3p induced G1/S cell cycle arrest. 
Besides this, relatively high let-7b-3p expression groups 
had more apoptotic A549 and H1299 cells (Figure 2E). We 
then explored the expression of proteins associated with 
cell cycle and cell apoptosis. When let-7b-3p expression 
was downregulated in A549 cells, the expression of ribose 
polymerase (PARP) and BAX was decreased while that 
of BCL-2, cyclin D1, and cyclin E was increased. The 

opposite trend was observed when let-7b-3p expression was 
upregulated in H1299 cells. Cyclin A showed no change in 
both A549 and H1299 cells (Figure 2F). Overall, let-7b-3p 
was found to inhibit LUAD cell proliferation.

Let-7b-3p inhibited LUAD cell invasion and migration

Cell migration and invasion abilities were assessed using 
Transwell and scratch wound-healing assays. As shown 
in Figure 3A,B,C, let-7b-3p knockdown significantly 
strengthened cell migration and invasion abilities of A549 
cells, while let-7b-3p overexpression dramatically inhibited 
these abilities in H1299 cells. We further examined 
epithelial-mesenchymal transition (EMT)-associated marker 
proteins in transfected A549 and H1299 cells. Knockdown 
of let-7b-3p expression in A549 cells suppressed the 
expression of E-cadherin and promoted the expression 
of N-cadherin and Vimentin. Conversely, the expression 
of E-cadherin was upregulated while the expression of 
N-cadherin and Vimentin was downregulated in mimic-let-
7b-3p H1299 cells (Figure 3D). Thus, let-7b-3p was found 
to inhibit LUAD cell invasion and migration.

BRF2 was a direct target of let-7b-3p

A search was conducted in MiRDB, MiRbase, and 
TargetScan prediction programs to investigate the 
downstream targets of let-7b-3p. BRF2 was finally 
confirmed to be a potential target of let-7b-3p. Compared 
with normal lung tissues, BRF2 expression level was 
much higher in LUAD tissues in TCGA database 
(P<0.01; Figure 4A). The expression of BRF2 was also 
determined at both the cell and tissue level by qRT-PCR, 
IHC, and WB tests, and it was found to be increased 
in both LUAD tissues and cells (Figure 4B,C,D,E). In 
addition, the expression of BRF2 mRNA and let-7b-3p 
in LUAD tissues presented a negative correlation (Figure 
4F; r2=0.4164; P<0.0001). Dual-luciferase reporter assay 
was then conducted to verify whether there is a direct 
relationship between let-7b-3p and BRF2 mRNA. Let-
7b-3p decreased luciferase activity in the WT 3'UTR 
group whereas it had no effect on the MUT 3'UTR 
group (P<0.01, Figure 4G). The possible binding site of 
let-7b-3p and BRF2 3'UTR is presented in Figure 4H. 
WB results showed BRF2 expression was dramatically 
upregulated when let-7b-3p expression was inhibited in 
A549 cells, while it was significantly reduced when the 
expression of let-7b-3p was upregulated in H1299 cells 
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Figure 1 Let-7b-3p expression was decreased in LUAD tissues and cell lines. (A) Let-7b-3p expression in TCGA database. (B) Kaplan-
Meier analysis of overall survival according to TCGA database. (C) Let-7b-3p expression in clinical specimens was detected by qRT-PCR 
(n=50). (D) Let-7b-3p expression in cell lines was assessed by qRT-PCR. (E) FISH of LUAD tumor tissues and corresponding adjacent 
nontumorous tissues. The probes were labeled by Cy3 (red) and the nuclei are counter-stained with DAPI (blue) (*, P<0.05; **, P<0.01; ***, 
P<0.001; ****, P<0.0001). LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas; qRT-PCR, quantitative real-time polymerase 
chain reaction; FISH, fluorescence in situ hybridization.
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Figure 2 Let-7b-3p inhibited LUAD cell proliferation. (A) The transfection efficiency in A549 and H1299 cells was verified by qRT-PCR. 
(B) Cell proliferation activity was assessed by MTT assay. (C) The clonogenic capacity of transfected cells was detected by clone formation 
assay. The cells were stained with crystal violet. (D,E) The effect of let-7b-3p on cell cycle and cell apoptosis was detected by flow cytometry. 
(F) The expression of cell cycle and cell apoptosis-related proteins were detected by WB. Data are presented as mean ± SD according to 
Student’s t-test. (*, P<0.05; **, P<0.01; ***, P<0.001). LUAD, lung adenocarcinoma; qRT-PCR, quantitative real-time polymerase chain 
reaction; WB, Western blot.
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Figure 3 Let-7b-3p inhibited LUAD cell invasion and migration. (A,B) Migration and invasion ability of transfected cells was evaluated 
by Transwell assay (without or with Matrigel). Scale bars in (A) and (B) represent 100 μm. (C) Migration ability of transfected cells was 
detected by wound-healing experiment. Scale bars represent 100 μm. (D) The expression of EMT-related proteins was detected by WB. 
Data are presented as mean ± SD according to Student’s t-test (**, P<0.01; ***, P<0.001). LUAD, lung adenocarcinoma; EMT, epithelial-
mesenchymal transition; WB, Western blot.
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Figure 4 BRF2 was a direct target of let-7b-3p. (A) The expression of BRF2 in TCGA database. (B) BRF2 expression in clinical specimens 
was detected by qRT-PCR (n=50). (C) HE staining of LUAD tumor tissues and adjacent normal tissues and the expression of BRF2 was 
detected by IHC. (D,E) BRF2 expression in cell lines was assessed by qRT-PCR and WB. (F) Pearson’s correlation analysis between let-7b-
3p and BRF2 mRNA expression in LUAD tumor tissues. (G) BRF2 3'UTR luciferase reporter assays in HEK293 cells. (H) The predicted 
binding site between let-7b-3p and BRF2 3'UTR. (I) BRF2 protein expression in transfected A549 and H1299 cells was assessed by WB (*, 
P<0.05; **, P<0.01; ****, P<0.0001). BRF2, TFIIB-related factor 2; TCGA, The Cancer Genome Atlas; qRT-PCR, quantitative real-time 
polymerase chain reaction; HE, hematoxylin and eosin; LUAD, lung adenocarcinoma; IHC, immunohistochemistry; 3'UTR, 3' untranslated 
region.
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(Figure 4I). All the above results confirmed that BRF2 is 
a direct downstream target of let-7b-3p.

Let-7b-3p exerted its tumor-suppressive functions via 
targeting the BRF2-mediated MAPK/ERK pathway

Rescue experiments were conducted to further confirm 
if BRF2 was responsible for the function of let-7b-3p on 
LUAD cells. pcDNA3.1-BRF2 was used to upregulate 
BRF2 expression in mimic-let-7b-3p H1299 cells while 
the inhibitor-let-7b-3p A549 cells were transfected with 
si-BRF2 to downregulate its expression. The knockdown 
efficiency of si-BRF2 and overexpression efficiency of 
pcDNA3.1-BRF2 at both protein and mRNA levels was 
showed in Figure 5A. Colony formation and flow cytometry 
assays revealed that BRF2 reversed let-7b-3p-induced 
inhibition of LUAD cell proliferation (Figure 5B,C,D). 
At the same time, the expression of the proteins related 
to cell cycle and cell apoptosis changed correspondingly  
(Figure 5E) Further to this, Transwell and wound-healing 
assays revealed that BRF2 reversed the migratory and 
invasive features induced by let-7b-3p (Figure 6A,B). 
Meanwhile, the expression of the proteins related to EMT 
changed correspondingly (Figure 6C). We further performed 
RNA-sequencing (RNA-seq) transcriptome analyses 
after knocking down the expression of BRF2 by si-RNA 
in H1299 cells to investigate the signaling pathways 
that were affected by BRF2. R software was then used 
to conduct Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis (Figure 6D). It was found that, 
when BRF2 was knocked down, PI3K/AKT and MAPK/
ERK pathways were significantly changed. As such, PI3K/
AKT and MAPK/ERK signaling pathway-related proteins 
were detected in both transfected A549 and H1299 cells 
lines using WB. Among those proteins, the expression of 
PI3K and p-AKT changed slightly, while p-ERK1/2 was 
remarkedly changed accordingly when BRF2 expression was 
altered by the up-or downregulation of let-7b-3p. Beyond 
this, the bands of p-ERK, total ERK, p-JNK and total JNK 
were quantified and the ratios of p-ERK to total ERK and 
p-JNK to total JNK were shown. In A549 cells, the ratio 
of p-ERK to total ERK in the Inhibitor-let-7b-3p group 
was notably higher than that in the Inhibitor-NC group 
(P<0.01). In H1299 cells, this ratio was significantly lower 
in the Mimic-let-7b-3p group than that in the Mimic-
NC group (P<0.01). However, the ratio of p-JNK to total 
JNK showed no appreciable difference among the groups 

in both A549 cells and H1299 cells (Figure 6E). The above 
results strongly indicated that let-7b-3p exerts its tumor-
suppressive functions mainly by regulating the BRF2-
mediated MAPK/ERK pathway.

Let-7b-3p inhibited tumor growth and metastasis of 
LUAD in vivo

A nude mouse tumorigenesis test was used to evaluate the 
inhibitory effects of let-7b-3p on tumor growth. Mice in 
the LV-let-7b-3p-inhibitor group exhibited a significantly 
faster tumor growth rate compared to the mice in the 
LV-NC-inhibitor group (Figure 7A,B; P<0.001). Besides 
this, the weight of the tumor tissues in the LV-let-7b-3p-
inhibitor group was much higher (Figure 7C; P<0.01). IHC 
of the tumor specimens showed that BRF2 expression 
was significantly increased in the LV-let-7b-3p-inhibitor 
compared to that in the control group (Figure 7D). We also 
performed pulmonary metastasis assay to determine the 
inhibitory effects of let-7b-3p on tumor metastasis. More 
lung metastatic nodules were observed in the LV-let-7b-
3p-inhibitor group than in the LV-NC-inhibitor group  
(Figure 7E). These results proved that let-7b-3p inhibits 
LUAD development via targeting BRF2 in vivo.

Discussion

Let-7b-3p is an indispensable member of the let-7 
family. Over the past years, accumulated studies have 
revealed that let-7b-3p is closely related to malignant 
diseases. In 2018, it was reported that let-7b-3p inhibits 
the progression of hepatocellular carcinoma by targeting 
PLK1 (26). Recently, Min et al. reported that let-7b-3p 
may be a biomarker of early colon cancer (27). However, 
thus far, no study has focused on the role of let-7b-3p in 
LUAD. To our knowledge, this study is the first to report 
the role and mechanism of let-7b-3p in LUAD both  
in vitro and in vivo. We found in this study that let-7b-3p 
expression was obviously downregulated in both LUAD cell 
lines and tissues compared with normal ones. Moreover, 
LUAD patients with low let-7b-3p expression had a 
poorer prognosis. This suggests that let-7b-3p may be a 
tumor suppressor in LUAD. Results of in vitro and in vivo 
experiments further revealed that let-7b-3p suppressed the 
development of LUAD via modulating multiple links, such 
as cell proliferation, cell cycle, cell apoptosis, and EMT.

Subsequent dual-luciferase and rescue experiments 
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Figure 5 BRF2 reversed let-7b-3p-induced inhibition of LUAD cell proliferation. (A) The knockdown efficiency of si-BRF2 in A549 
cells and the overexpression efficiency of pcDNA3.1-BRF2 in H1299 cells were measured by q-PCR and WB assays. (B) Upregulation of 
BRF2 reversed the inhibitory effect of let-7b-3p on cell proliferation, while downregulation of BRF2 enhanced this effect. The cells were 
stained with crystal violet. (C,D) The effects of inhibiting cell cycle progression and accelerating apoptosis of let-7b-3p was reversed by 
high expression of BRF2, while knockdown of BRF2 enhanced these effects. (E) BRF2 reversed the expression changes of cell cycle and cell 
apoptosis-related proteins induced by let-7b-3p. Data are presented as mean ± SD according to Student’s t-test (*, P<0.05; **, P<0.01; ***, 
P<0.001). BRF2, TFIIB-related factor 2; LUAD, lung adenocarcinoma; q-PCR, quantitative polymerase chain reaction; WB, Western blot.

confirmed that BRF2 is directly targeted by let-7b-3p and 
responsible for the biological function of let-7b-3p. BRF2 
is indicated to be a subunit of the RNA Pol III transcription 
initiation complex and essential for recruiting Pol III to 
promote transcription initiation (28). BRF2 has been found 
to be overexpressed in lung cancer and has been associated 
with a poor prognosis of patients with lung cancer (20). The 
results of our study also support this view. Therefore, BRF2 
inhibition may be a promising new strategy for LUAD 
therapy. Previous studies have reported that knocking 
down the expression of BRF2 could suppress the growth 
and metastasis of lung cancer cells (24,29). However, the 
above studies lack comprehensive in vivo experiments. 
In this study, in addition to conducting a series of  
in vitro experiments, we also carried out tumorigenesis and 
pulmonary metastasis assays. It was observed that knocking 
down BRF2 expression by upregulating the expression of 
let-7b-3p could effectively inhibit the proliferation and 
metastatic abilities of LUAD cells both in vitro and in vivo. 
In contrast, exogenous knockdown the expression of let-
7b-3p caused the upregulation of BRF2 and promoted the 
progression of LUAD. These findings further clarify the 
BRF2-related gene regulatory networks in LUAD.

Tumor  deve lopment  and  progress ion  i s  o f ten 
accompanied by the excessive activation of many signaling 
pathways, including the PI3K/AKT and MAPK signaling 
pathways (30-32). In order to investigate the pathways that 
are affected by the let-7b-3p/BRF2 axis, we conducted 

transcriptome sequencing after knocking down the 
expression of BRF2. KEGG pathway enrichment analysis 
suggested that silencing of BRF2 affected a series of 
pathways including PI3K/AKT and MAPK pathways. The 
ensuing WB experiment indicated that, BRF2 silencing 
could not inhibit the activation of PI3K/AKT pathway, it 
obviously suppressed the MAPK/ERK pathway activation. 
Thus, we concluded that let-7b-3p exerts its tumor 
suppressor function mainly via a BRF2-mediated MAPK/
ERK pathway.

Notably, miRNAs are known to be double edged 
sword, and depending on the stimulation and context can 
play different roles. Apart from that, let-7b-3p may exert its 
function by simultaneously targeting other genes in LUAD. 
Consequently, more studies about let-7b-3p, especially in 
the context of different genetic alterations are required.

Conclusions

This is the first study to comprehensively examine let-
7b-3p miRNA in LUAD. The expression of let-7b-3p 
is significantly decreased in both LUAD cell lines and 
tissues. Functionally, let-7b-3p inhibits the proliferation 
and metastasis of LUAD cells both in vitro and in vivo. 
Mechanistically, let-7b-3p suppresses the development 
of LUAD mainly by directly targeting the BRF2-
meditated MAPK/ERK pathway, and is thus a potential 
therapeutic target of LUAD.

E
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Figure 6 Let-7b-3p exerted tumor-suppressor effects via the BRF2-mediated MAPK/ERK pathway in LUAD. (A,B) Restoration of 
BRF2 rescued the invasive and migratory phenotypes induced by let-7b-3p. The cells were stained with crystal violet. Scale bars in (A) 
and (B) represent 100 μm. (C) The variance of protein expression induced by let-7b-3p was partly restored by BRF2. (D) KEGG pathway 
enrichment analysis. (E) The expression of PI3K/AKT and MAPK pathway-related proteins were determined by WB. Data are presented as 
mean ± SD according to Student’s t-test (*, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001; ns, no significance). BRF2, TFIIB-related factor 
2; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 7 Let-7b-3p inhibited tumor growth and metastasis in vivo. (A) An image of subcutaneous tumors. (B) The growth curve of 
subcutaneous tumors of different groups. (C) The weight of tumors in different groups. (D) HE staining of the subcutaneous tumors and 
the expression of BRF2 was detected by IHC. (E) Images (left) and HE staining (right) of the lungs obtained from different groups; black 
arrowheads indicate lung metastasis nodules. (**, P<0.01; ***, P<0.001). HE, hematoxylin and eosin; BRF2, TFIIB-related factor 2; IHC, 
immunohistochemistry.
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