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Abstract. MicroRNAs (miRNAs) are frequently reported to be 
aberrantly expressed in non‑small cell lung cancer (NSCLC) 
and are closely associated with aggressive tumor phenotypes. 
Hence, identification of cancer‑related miRNAs in NSCLC may 
be helpful for improving the cure rate of NSCLC treatments. 
miR‑889 has been demonstrated to be a novel cancer‑associated 
miRNA that is aberrantly expressed and plays an important 
role in esophageal squamous cell carcinoma and hepatocellular 
carcinoma. However, the exact functions and precise molecular 
mechanisms through which miR‑889 affects NSCLC progres-
sion are still unknown. In the present study, we report for the 
first time that miR‑889 expression is low in NSCLC tissues 
and cell lines. Clinically, low miR‑889 expression was found 
to be correlated with the TNM stage and distant metastasis 
in NSCLC patients. Functionally, miR‑889 overexpression 
suppressed the proliferation and invasiveness of NSCLC cells 
in vitro and decreased NSCLC xenograft tumor growth in 
mice. Furthermore, TGF‑β‑activated kinase 1‑binding protein 1 
(TAB1) was confirmed as a direct target gene of miR‑889 in 
NSCLC cells. TAB1 was revealed to be overexpressed in NSCLC 
tissue samples and was inversely correlated with miR‑889 
levels. Moreover, a TAB1 knockdown had effects similar to 
that of miR‑889 overexpression, whereas restoration of TAB1 
expression counteracted the actions of miR‑889 in NSCLC 
cells. Overall, the present results indicated that miR‑889 inhibits 
the aggressive behaviors of NSCLC by directly targeting TAB1 
mRNA, thus highlighting the importance of the miR‑889/TAB1 
pathway in the malignant progression of NSCLC.

Introduction

Lung cancer, a highly lethal malignant tumor, is a common 
cancer and represents a leading cause of cancer‑related 

deaths worldwide  (1). Approximately 85% of lung cancer 
cases are classified histopathologically as non‑small cell lung 
cancer (NSCLC), which includes lung adenocarcinoma, lung 
squamous carcinoma, and large cell lung cancer (2). Notable 
improvements in the diagnosis and treatment of NSCLC have 
been achieved in the past decades; unfortunately, the prognosis 
of patients with NSCLC remains unfavorable, with a 5‑year 
overall survival rate of only 11% (3). Tumor recurrence and 
metastasis are primarily responsible for the unsatisfying 
clinical outcomes for NSCLC patients  (4,5). Multiple risk 
factors and signaling pathways have been implicated in the 
pathogenesis of NSCLC; however, the precise molecular 
mechanisms are yet to be fully clarified (6). Therefore, eluci-
dation of the molecular mechanisms underlying the initiation 
and progression of NSCLC is urgently necessary and may 
help to identify novel diagnostic biomarkers and therapeutic 
methods to improve the prognosis of NSCLC patients.

MicroRNAs (miRNAs) are a family of noncoding, 
single‑stranded, short RNA molecules that have been 
demonstrated to serve as an endogenous means of RNA 
interference (7). miRNAs can directly recognize and interact 
with a partially complementary recognition sequence in the 
3' untranslated region (3'‑UTRs) of the mRNA of a target 
gene and cause degradation of the mRNA and/or translation 
suppression (8). It has been well documented that miRNAs 
are implicated in a variety of physiological and pathological 
processes, including the initiation and progression of human 
cancers (9,10). A wide range of miRNAs are differentially 
expressed in NSCLCs (11‑13). For example, miR‑217 expres-
sion is often low in NSCLC. NSCLC patients with low 
miR‑217 expression exhibit shorter overall survival than 
do the patients with high miR‑217 expression  (14). These 
aberrantly expressed miRNAs may perform oncogenic or 
tumor‑suppressive functions and contribute to the oncogenesis 
and progression of NSCLC by regulating multiple crucial 
biological processes (15,16). These findings indicate that an 
in‑depth investigation into the participation and mechanisms 
of action of cancer‑related miRNAs in NSCLC may facilitate 
the search for novel therapeutic targets in NSCLC.

Certain studies have identified miR‑889 as a novel 
cancer‑associated miRNA that is aberrantly expressed and 
plays an important role in esophageal squamous cell carci-
noma (17) and hepatocellular carcinoma (18). Nonetheless, the 
exact functions and precise molecular mechanisms via which 
miR‑889 affects NSCLC progression are still unclear. Thus, 
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in the present study, the quantification of miR‑889 expression 
was attempted and the potential involvement and mechanism 
of action of miR‑889 in NSCLC were investigated. The present 
findings are expected to provide novel insights into the patho-
genesis of NSCLC and/or a promising target for the treatment 
of patients with this disease.

Materials and methods

Patients and tissue specimens. The procedures of our 
present study were approved by the Ethics Committee of 
Weifang People's Hospital (Weifang, China) and written 
informed consent was also provided by all patients. Samples 
of primary NSCLC tissues and adjacent normal tissues were 
collected from 53 patients (30 males, 23 females; age range, 
47‑71 years) who had received surgical resection at Weifang 
People's Hospital between June 2016 and August 2017. None 
of these patients had been treated preoperatively with either 
radiotherapy or chemotherapy. All tissues were immediately 
snap‑frozen in liquid nitrogen and then stored at ‑80˚C for 
further RNA extraction.

Cell culture. A non‑tumorigenic bronchial epithelium cell 
line, BEAS‑2B, and four human NSCLC cell lines (A549, 
SK‑MES‑1, H522, and H460) were purchased from the 
Shanghai Institute of Biochemistry and Cell Biology (Shanghai, 
China). All cells were routinely cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) containing 10% fetal bovine 
serum (FBS; both from Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and 1% penicillin/streptomycin mixture 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). The 
cultures were maintained at 37˚C in a humidified atmosphere 
containing 5% CO2.

miRNA mimics, small interfering RNA (siRNA) and plasmid 
transfection. miR‑889 mimics and corresponding miRNA 
mimics negative control (miR‑NC), siRNA targeting the 
expression of TAB1 (si‑TAB1) and negative control siRNA 
(si‑NC) were constructed by GenePharma (Shanghai, China). 
The si‑TAB1 sequence was 5'‑GGA​UGA​GCU​CUU​CCG​UCU​
UTT‑3' and the si‑NC sequence was 5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3'. TAB1 expression vector pcDNA3.1‑TAB1 
(pcTAB1) and empty vector (pcDNA3.1) was obtained from 
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Before 
transfection, cells in logarithmic phase were plated into 6‑well 
plates with a density of 4x105 cells/well. When the culture 
confluency reached 60‑70%, the cells were transfected with 
the miR‑889 mimics (100 pmol), miR‑NC (100 pmol), si‑TAB1 
(100 pmol), si‑NC (100 pmol), pcTAB1 (4 µg) or pcDNA3 
(4 µg) using Lipofectamine™ 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). All of the transfection procedures were based 
on the product specifications. Reverse transcription‑quanti-
tative polymerase chain reaction (RT‑qPCR) and Transwell 
Matrigel invasion assays were performed 48 h after transfec-
tion. The MTT assay and western blotting were performed at 
24 and 72 h post‑transfection, respectively.

RNA extraction and RT‑qPCR analysis. Total RNA was 
extracted from tissue samples or cultured cell lines using a 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 

All‑in‑One™ miRNA qRT‑PCR Detection kit (GeneCopoeia, 
Inc., Rockville, MD, USA) was used to detect miR‑889 expres-
sion. The thermocycling conditions were as follows: 95˚C 
for 10 min, and 45 cycles of denaturation at 95˚C for 15 sec 
and annealing/elongation at 60˚C for 15  sec. To quantify 
TAB1 mRNA expression, total RNA was reverse‑transcribed 
into cDNA using a PrimeScript RT reagent kit (Takara 
Biotechnology Co., Ltd., Dalian, China). The temperature 
protocol for TAB1 mRNA reverse transcription was as follows: 
37˚C for 15 min and 85˚C for 5 second.  The quantitative PCR 
was carried out using an ABI 7500 Sequence Detection system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and a 
SYBR Premix Ex Taq™ (Takara Biotechnology Co., Ltd). 
The thermocycling conditions for TAB1 mRNA qPCR was as 
follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec 
and 65˚C for 45 sec. U6 small nuclear RNA and GAPDH were 
used as the internal controls for miR‑889 and TAB1 mRNA, 
respectively. All reactions were run in triplicate and relative 
gene expression was analyzed using the 2‑∆∆Cq method (19). 
The primers were designed as follows: miR‑889 forward, 
5'‑ACA​CTC​CAG​CTG​GGT​TAA​TAT​CGG​ACA​AC‑3', and 
reverse, 5'‑TGG​TGT​CGT​GGA​GTC​G‑3'; U6 forward, 5'‑GCT​
TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3', and reverse, 5'‑CGC​
TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; TAB1 forward, 5'‑ATG​
AGC​TCT​TCC​GTC​TTT​CG‑3', and reverse, 5'‑ATC​CCC​ACC​
TGC​TTG​ATC​T‑3'; and GAPDH forward, 5'‑GGA​GCG​AGA​
TCC​CTC​CAA​AAT‑3' and reverse, 5'‑GGC​TGT​TGT​CAT​
ACT​TCT​CAT​GG‑3'.

MTT assay. An MTT assay was performed to determine 
cellular proliferation. In brief, transfected cells were inocu-
lated in 96‑well plates with a density of 3,000 cells/well. 
Then the cells were incubated at 37˚C supplied with 5% CO2. 

for 0‑3 days. The MTT assay was carried out every day by 
adding 20 µl of MTT reagent (5 mg/ml; Beyotime Institute 
of Biotechnology, Haimen, China) into each well. Following 
incubation at 37˚C for an additional 4 h, the culture medium 
containing MTT solution was replaced with 150 µl of dimethyl 
sulfoxide (DMSO). A total of 15 min after incubation, the 
absorbance value of each well was detected at a 450 nm wave-
length using an enzyme‑linked immunosorbent assay reader 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Transwell Matrigel invasion assay. Transwell insert cham-
bers (8 µm pore size) covered with Matrigel (both from BD 
Biosciences, San Jose, CA, USA) were utilized to evaluate 
the invasive ability of NSCLC cells. Transfected cells were 
collected and suspended in FBS‑free culture medium. A 
total of 5x104 cells were added into the upper chambers. In 
the lower chambers, 500 µl DMEM containing 20% FBS was 
added to serve as a chemoattractant. Subsequent to incubation 
at 37˚C with 5% CO2. for 24 h, the non‑invasive cells were 
gently wiped away with a cotton swab. The invasive cells that 
invaded through the pores were fixed with 100% methanol at 
room temperature for 30 min, stained with 0.5% crystal violet 
at room temperature for 30 min, and washed with phosphate 
buffer solution. Images of five different fields were captured 
from each insert, and the number of invasive cells was counted 
under an inverted light microscope (x200, magnification; 
Olympus Corporation, Tokyo, Japan).
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Xenograft assay. A total of eight 6‑week‑old BALB/c 
male nude mice (20 g) were purchased from the Shanghai 
Laboratory Animal Center (Chinese Academy of Sciences, 
Shanghai, China). All animals were maintained under specific 
pathogen‑free conditions at 25˚C, 50% relative humidity, a 
10 h light/14 h dark cycle and had ad libitum access to food 
and water. The animals were divided into two groups (n=4 
mice/group), one injected with miR‑NC‑transfected cells and 
the other injected with miR‑889 mimic‑transfected cells. The 
width and length of the xenograft formed was detected with a 
vernier caliper. Tumor volume was calculated by the following 
formula: volume (mm3) = width2 (mm2) x length (mm)/2. At 
the end of the assay, all nude mice were sacrificed and the 
excited xenograft was weighted. All animal experiments were 
carried out in accordance with the Guide for Care and Use 
of Laboratory Animal and all experimental protocols were 
approved by the Animal Ethics Committee of the Weifang 
People's Hospital.

Target prediction. Three online miRNA target prediction soft-
ware, including miRDB (http://www.mirdb.org/), miRanda 
(http://www.microrna.org), and TargetScan (http://www.
targetscan.org/), were used to predict the potential target genes 
of miR‑889.

Luciferase reporter assay. The 3'‑UTR region of TAB1 
containing the predicted wild‑type and mutant miR‑889 
binding sites was amplified by GenePharma and individu-
ally cloned into the pmiR‑RB‑REPORT™ vector (Promega 
Corporation, Madison, WI, USA). For the reporter assays, 
cells were plated into 24‑well plates, and co‑transfected 
with wild type or mutant reporter plasmid and miR‑889 
mimics or miR‑NC using Lipofectamine™ 2000, according 
to the manufacturer's instructions. Forty‑eight hours later, 
the luciferase activity of transfected cells was determined 
using a Dual‑Luciferase Reporter Assay System (Promega 
Corporation). Firefly luciferase activity was normalized 
against Renilla luciferase activity.

Western blot analysis. Total protein was isolated from tissues 
or cells using cell lysis buffer (Cell Signaling Technology, 
Danvers, MA, USA). The concentration of total protein was 
determined using a bicinchoninic acid protein assay (Pierce; 
Thermo Fisher Scientific, Inc.). Equal amounts of protein 
(30  µg) were separated by 10%  sodium dodecyl sulfate 
polyacrylamide gels electrophoresis and transferred onto 
polyvinylidene fluoride membranes (Beyotime Institute of 
Biotechnology), followed by blocking with 5% dried skimmed 
milk in Tris‑buffered saline and 0.1% Tween‑20 (TBS‑T) at 
room temperature for 1 h. The membranes were subsequently 
incubated with the following primary antibodies at 4˚C over-
night: rabbit anti‑human TAB1 antibody (cat. no. ab76412; 
1:1,000 dilution) and rabbit anti‑human GAPDH antibody (cat. 
no. ab128915; 1:1,000 dilution; both from Abcam, Cambridge, 
UK). The membranes were then probed with horseradish 
peroxidase‑conjugated secondary antibody (cat. no. ab205718; 
1:5,000 dilution; Abcam,) for 2 h at room temperature. Finally, 
the protein bands were visualized using an enhanced chemi-
luminescence reagent (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). GAPDH was used as the internal control. Quantity 

One software version 4.62 (Bio‑Rad Laboratories, Inc.) was 
used for densitometry analysis.

Statistical analysis. All assays were repeated at least three 
times. All data are presented as the mean ±  standard devia-
tion, and analyzed using SPSS 19.0 software (IBM Corp., 
Armonk, NY, USA). All functional experiments were repeated 
three times. Differences between two groups were examined 
using an unpaired Student's t‑test, or a paired Student's t‑test 
to compare expression data from NSCLC and adjacent normal 
tissues. One‑way ANOVA with Tukey's post‑hoc test was used 
for the comparison between multiple groups. A χ2 test was 
performed to evaluate the association between miR‑889 and 
the clinicopathological characteristics of NSCLC patients. A 
correlation between miR‑889 and TAB1 mRNA expression was 
determined through Spearman's correlation analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑889 is downregulated in NSCLC tissue samples and cell 
lines. In total, 53 pairs of NSCLC tissue samples and adja-
cent normal tissue samples were collected. Total RNA was 
isolated from these tissues, and RT‑qPCR was performed to 
assess miR‑889 expression. The data revealed that the expres-
sion of miR‑889 was notably lower in NSCLC tissue samples 
than in adjacent normal tissues (P<0.05; Fig. 1A). In addition, 
miR‑889 expression in four human NSCLC cell lines (A549, 
SK‑MES‑1, H522, and H460) was determined by RT‑qPCR. 
When compared with non‑tumorigenic bronchial epithelium 
BEAS‑2B cells, miR‑889 expression was lower in all four 
NSCLC cell lines to varying degrees (P<0.05; Fig. 1B). These 
data indicated that miR‑889 was underexpressed in both 
NSCLC tissue samples and cell lines.

Downregulated miR‑889 is correlated with the clinical char‑
acteristics of patients with NSCLC. To clarify the possible 
clinical meaning of low miR‑889 expression in NSCLC, all 
enrolled NSCLC patients were categorized into two subgroups, 
‘low miR‑889 expression’ and ‘high miR‑889 expression’, 
based on the median value of miR‑889 expression in NSCLC 
tissue samples. Statistical analysis revealed that underexpres-
sion of miR‑889 was significantly correlated with TNM stage 
(P=0.019) and distant metastasis (P=0.020); however, no 
significant associations with other pathological characteris-
tics were observed, including sex (P=0.477), age (P=0.685), 
tumor size (P=0.407), histological tumor type (P=0.449), or 
tumor differentiation status (P=0.317; Table I). These results 
indicated that underexpression of miR‑889 may be implicated 
in the pathogenesis of NSCLC.

miR‑889 overexpression inhibits the proliferation and inva‑
siveness of NSCLC cells. To assess whether miR‑889 affects 
NSCLC progression, cell lines H522 and H460 (possessing 
relatively lower miR‑889 expression among the four assessed 
NSCLC cell lines) were selected to conduct the following 
experiments. miR‑889 in H522 and H460 cells was overex-
pressed by transfection with miR‑889 mimics (P<0.05; Fig. 2A). 
Then, an MTT assay was carried out to quantify cell prolifera-
tion; it was revealed that miR‑889 upregulation significantly 
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inhibited H522 and H460 cell proliferation when compared 
with the miR‑NC group (P<0.05; Fig. 2B). Furthermore, a 
Transwell Matrigel invasion assay was employed to investigate 
the regulation of cell invasion by miR‑889 in NSCLC. Ectopic 
miR‑889 expression decreased the capacity for invasion in 
H522 and H460 cells relative to the cells treated with miR‑NC 
(P<0.05; Fig. 2C). Collectively, these findings indicated that 
miR‑889 may perform tumor‑suppressive functions in NSCLC 
carcinogenesis.

TAB1 is a direct target gene of miR‑889 in NSCLC cells. To 
illustrate the potential molecular mechanisms by which miR‑889 
exerts its influence on NSCLC progression, bioinformatics tools, 
including miRDB, miRanda, and TargetScan, were applied to 
find a potential target gene (i.e., target mRNA) of miR‑889. 
This analysis indicated a possible binding site of miR‑889 in 
the 3'‑UTR of TAB1 (Fig. 3A). TAB1 was selected for further 
analyses since this gene may participate in the initiation and 
progression of NSCLC (20). The luciferase reporter assay was 
conducted to determine whether miR‑889 targets the 3'‑UTR of 
TAB1 mRNA directly. To this end, luciferase reporter vectors 
were chemically synthesized and co‑transfected into H522 and 

H460 cells along with miR‑889 mimics or miR‑NC. The exog-
enous miR‑889 expression reduced the luciferase activity of the 
vector that carried the wild‑type 3'‑UTR of TAB1 (P<0.05). By 
contrast, mutation of the miR‑889 binding site in the 3'‑UTR of 
TAB1 abrogated the inhibitory effect of miR‑889 overexpres-
sion on the luciferase activity (Fig. 3B).

To confirm that TAB1 contributes to NSCLC pathogenesis, 
RT‑qPCR analysis was carried out to assess TAB1 mRNA 
expression in NSCLC tissue samples. The data indicated 
that the mRNA expression of TAB1 was notably higher in 
NSCLC tissue samples than in the adjacent normal tissues 
(P<0.05; Fig.  3C). Furthermore, miR‑889 expression was 
revealed to be negatively correlated with TAB1 mRNA levels 
among NSCLC tissue samples (r=‑0.5077, P=0.0001; Fig. 3D). 
Moreover, TAB1 mRNA and protein levels in H522 and 
H460 cells transfected with miR‑889 mimics or miR‑NC were 
examined by RT‑qPCR and western blot analysis, respectively. 
Transfection of the miR‑889 mimics significantly decreased 
TAB1 expression in H522 and H460 cells at both the mRNA 
(P<0.05; Fig. 3E) and protein levels (P<0.05; Fig. 3F). Thus, 
it was demonstrated that TAB1 mRNA is a direct target of 
miR‑889 in NSCLC cells.

Table I. Correlation of miR‑889 expression and clinicopatho-
logical characteristics of patients with non‑small cell lung 
cancer.

	 miR‑889
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Low	 High
Characteristics	 expression	 expression	 P‑value

Sex			   0.477
  Male	 14	 16	
  Female	 13	 10	
Age (years)			   0.685
  <65	 12	 13	
  ≥65	 15	 13	
Tumor size (cm)			   0.407
  <5	 18	 20	
  ≥5	 9	 6	
Histological tumor type			   0.449
  Adenocarcinoma	 16	 18	
  Squamous cell carcinoma	 11	 8	
Tumor differentiation			   0.317
  I‑II	 6	 9	
  III‑IV	 21	 17	
TNM stage			   0.019a

  I‑II	 7	 15	
  III+IV	 20	 11	
Distant metastasis			   0.020a

  Negative	 9	 17	
  Positive	 18	 9	

aP<0.05. NSCLC, non‑small cell lung cancer.

Figure 1. miR‑889 is downregulated in NSCLC tissues and cell lines. (A) The 
expression status of miR‑889 was determined by RT‑qPCR in 53 pairs of 
NSCLC tissues and adjacent normal tissues. *P<0.05 vs. adjacent normal 
tissues. (B) The expression level of miR‑889 in four human NSCLC cell lines 
(A549, SK‑MES‑1, H522, and H460) and a non‑tumorigenic bronchial epithe-
lium BEAS‑2B cell line was detected by RT‑qPCR. *P<0.05 vs. BEAS‑2B. 
NSCLC, non‑small cell lung cancer.
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TAB1 silencing has effects similar to those of miR‑889 
mimics on the malignant phenotype of NSCLC cells in vitro. 
To precisely determine the involvement of TAB1 in NSCLC, 
endogenous TAB1 expression was knocked down in H522 
and H460 cells by transfection with siRNA against TAB1 
(si‑TAB1). This transfection efficiently decreased TAB1 
protein expression in H522 and H460 cells, as evidenced 
by western blot analysis (P<0.05; Fig.  4A). Then, MTT 

and Transwell Matrigel invasion assays were performed to 
evaluate the changes in proliferative and invasive abilities 
of H522 and H460 cells after transfection with si‑TAB1 or 
si‑NC. The knockdown of TAB1 inhibited the proliferation 
(P<0.05; Fig.  4B) and invasiveness (P<0.05; Fig.  4C) of 
H522 and H460 cells. These observations confirmed that 
TAB1 inhibition may imitate the tumor‑suppressive roles 
of miR‑889 mimics in NSCLC cells, further supporting the 

Figure 2. miR‑889 attenuates the proliferation and invasion of NSCLC cells. (A) Quantitation of the miR‑889 expression was performed in H522 and H460 cells 
after transfection of miR‑889 mimics or miR‑NC. *P<0.05 vs. miR‑NC. (B) The cell proliferation was assessed by MTT assay in H522 and H460 cells that 
were treated with miR‑889 mimics or miR‑NC. *P<0.05 vs. miR‑NC. (C) Representative images and quantitation of the Transwell Matrigel invasion assay were 
carried out in miR‑889 mimics‑ or miR‑NC‑transfected H522 and H460 cells (x200, magnification). *P<0.05 vs. miR‑NC. NSCLC, non‑small cell lung cancer.

Figure 3. TAB1 is a direct target of miR‑889 in NSCLC cells. (A) The predicted miR‑889 wild‑type binding site in the 3'‑UTR of TAB1 using bioinformatics 
tools and the mutated 3'‑UTR is presented. (B) H522 and H460 cells were co‑transfected with a luciferase reporter vector that contained the wild type or 
mutant binding site of TAB1‑3'‑UTR plus miR‑889 mimics or miR‑NC. Luciferase activity was detected 48 h after transfection. *P<0.05 vs. miR‑NC. (C) The 
expression of TAB1 mRNA in NSCLC tissues was notably higher than that in adjacent normal tissues. *P<0.05 vs. adjacent normal tissues. (D) miR‑889 
expression was inversely correlated with the expression of TAB1 mRNA in NSCLC tissues. r=‑0.5077, P=0.001. (E) Relative TAB1 mRNA expression was 
detected by RT‑qPCR in H522 and H460 cells after miR‑889 mimics or miR‑NC transfection. *P<0.05 vs. miR‑NC. (F) The protein level of TAB1 in H522 and 
H460 cells following transfection with miR‑889 mimics or miR‑NC was determined by western blot analysis. *P<0.05 vs. miR‑NC. TAB1, TGF‑β‑activated 
kinase 1‑binding protein 1; NSCLC, non‑small cell lung cancer.
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notion that TAB1 mRNA is a target of miR‑889 in NSCLC 
cells.

TAB1 reintroduction counteracts the antitumor actions of 
miR‑889 in NSCLC cells. To confirm that TAB1 is involved 
in the miR‑889‑induced tumor‑suppressive effects in 
NSCLC cells, rescue experiments were conducted next by 
restoring TAB1 expression in miR‑889 mimic‑transfected 
H522 and H460 cells. Firstly, pcDNA3.1 or pc‑TAB1 was 
introduced into H522 and H460 cells. RT‑qPCR analysis 
confirmed that the expression level of TAB1 mRNA was 
increased in pc‑TAB1‑transfected H522 and H460  cells 
(P<0.05; Fig. 5A). Western blotting indicated that co‑trans-
fection with TAB1 expression vector pcDNA3.1‑TAB1 
(pc‑TAB1) notably recovered the TAB1 protein amount that 
was significantly decreased by miR‑889 mimics (P<0.05; 
Fig. 5B). Functional experiments revealed that the reintro-
duction of TAB1 reversed the anti‑proliferative (P<0.05; 
Fig.  5C) and anti‑invasive (P<0.05; Fig.  5D) effects of 
miR‑889 upregulation in H522 and H460 cells. Overall, 
these results indicated that miR‑889 exerts its anticancer 
actions on NSCLC at least partly by directly suppressing 
TAB1 expression.

miR‑889 inhibits NSCLC tumor growth in vivo. A xenograft 
experiment was next conducted to examine the influence 
of miR‑889 overexpression on in  vivo tumor growth of 
NSCLC cells. H460 cells transfected with miR‑889 mimics 

or miR‑NC were subcutaneously injected into the flanks of 
nude mice. The tumor volume was measured for 1 month. 
Upregulation of miR‑889 significantly decreased the tumor 
growth in vivo (P<0.05; Fig. 6A and B). At the end of the 
experiment, all the nude mice were euthanized, and the 
excised xenografts were weighed. The results indicated that 
the xenograft tumors derived from miR‑889‑overexpressing 
H460 cells had lower weight than did the xenograft tumors 
in the miR‑NC group (P<0.05; Fig.  6C). Then, miR‑889 
expression was quantitated in the excised xenograft tumors 
and it was revealed that miR‑889 was still overexpressed 
in the xenograft tumors of the ‘miR‑889 mimics’ group 
(P<0.05; Fig. 6D). Furthermore, the protein amount of TAB1 
in the xenograft tumors was significantly decreased by 
miR‑889 overexpression, as revealed by western blot analysis 
(Fig. 6E). These observations indicated that miR‑889 upregu-
lation inhibited the tumor growth of NSCLC cells in vivo by 
suppressing TAB1 expression.

Discussion

miRNAs are frequently reported to be aberrantly expressed in 
NSCLC and closely related with aggressive phenotypes (21). 
Accumulating evidence has validated miRNAs as potential 
biomarkers for the diagnosis and prognosis as well as thera-
peutic targets for patients with NSCLC (15,22,23). Hence, 
identification of cancer‑associated miRNAs in NSCLC may 
be helpful for improving the curative effects. In the present 

Figure 4. TAB1 inhibition suppresses cell proliferation and invasion in NSCLC. H522 and H460 cells were transfected with si‑TAB1 or si‑NC. (A) Following 
72 h of incubation, western blot analysis was used to determine TAB1 proliferation. *P<0.05 vs. si‑NC. (B) An MTT assay was performed to evaluate the 
proliferation of indicated cells. *P<0.05 vs. si‑NC. (C) The effect of TAB1 silencing in H522 and H460 cells was assessed using Transwell Matrigel invasion 
assay (x200, magnification). *P<0.05 vs. si‑NC. TAB1, TGF‑β‑activated kinase 1‑binding protein 1; NSCLC, non‑small cell lung cancer.
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study, for the first time, miR‑889 expression was detected and 
its clinical value in NSCLC was determined. Furthermore, 
the functional role and underlying mechanism of miR‑889 in 

NSCLC was investigated. The results from this study indi-
cated that miR‑889 may serve as a tumor‑suppressive miRNA 
in NSCLC in vitro and in vivo by directly targeting TAB1.

Figure 5. Recovered TAB1 expression reverses the antitumor effects of miR‑889 in NSCLC cells. (A) RT‑qPCR was utilized for the determination of TAB1 
mRNA expression in H522 and H460 cells after pcDNA3.1 or pc‑TAB1 transfection. *P<0.05 vs. pcDNA3.1. (B) TAB1 protein expression in H522 and 
H460 cells co‑transfected with miR‑889 mimics and pc‑TAB1 or pcDNA3.1 was demonstrated by western blot analysis. *P<0.05 vs. miR‑NC. **P<0.05 vs. 
miR‑889 mimics+pcDNA3.1. (C and D) Cellular proliferation and invasion of aforementioned cells was determined by MTT and Transwell Matrigel invasion 
assays (x200, magnification), respectively. *P<0.05 vs. miR‑NC. **P<0.05 vs. miR‑889 mimics+pcDNA3.1. TAB1, TGF‑β‑activated kinase 1‑binding protein 1; 
NSCLC, non‑small cell lung cancer.

Figure 6. miR‑889 upregulation decreases tumor growth in vivo. (A) Representative images of the xenografts derived from H460 cells transfected with 
miR‑889 mimics or miR‑NC. (B) The tumor volume of xenografts formed was detected every 2 days and calculated with the following formula: volume 
(mm3) = width2 (mm2) x length (mm)/2. *P<0.05 vs. miR‑NC. (C) The xenografts were excised and weighed at the end of the experiment. *P<0.05 vs. miR‑NC. 
(D) miR‑889 expression in the xenografts was determined by RT‑qPCR. *P<0.05 vs. miR‑NC. (E) The expression level of TAB1 protein in xenografts was 
determined by western blot analysis.
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miR‑889 has been revealed to be involved in tumor develop-
ment and progression of esophageal squamous cell carcinoma (17) 
and hepatocellular carcinoma (18). miR‑889 was revealed to be 
expressed at high levels in esophageal squamous cell carcinoma 
tissues and cell lines. miR‑889 restoration promoted the prolif-
eration of esophageal squamous cell carcinoma cells in vitro and 
in vivo (17). In hepatocellular carcinoma, expression of miR‑889 
was negatively regulated by histone deacetylase inhibitors. 
Functionally, ectopic miR‑889 expression reduced the suscep-
tibility of hepatocellular carcinoma cells to natural killer (NK) 
lysis. However, the expression pattern and functions of miR‑889 
in NSCLC are still unknown. In the study, miR‑889 expression 
was revealed to be decreased in NSCLC tissues and cell lines. 
Low miR‑889 expression was notably correlated with the TNM 
stage and distant metastasis of NSCLC patients. Overexpression 
of miR‑889 suppressed NSCLC cell proliferation and invasion 
in vitro as well as inhibited tumor growth in vivo. These findings 
indicated that miR‑889 may be an effective therapeutic target for 
patients with the aforementioned human cancer types.

Two genes, DOC‑2/DAB2 interactive protein (17) and major 
histocompatibility complex class I chain‑related gene B (18), have 
been previously identified as the direct target genes of miR‑889. 
In the present study, TAB1 was demonstrated to be a direct 
and functional downstream target of miR‑889 in NSCLC cells. 
Increasing evidence has revealed that TAB1 is upregulated in a 
variety of human cancers, including colorectal (24), breast (25) 
and ovarian cancer (26). Upregulated TAB1 expression may be 
closely associated with tumorigenesis and tumor development 
through regulation of various aggressive behaviors (24,26,27). 
In NSCLC, TAB1 was upregulated in tumor tissues, and upreg-
ulation of TAB1 was correlated with clinical stage and lymph 
node metastasis (20). Patients with NSCLC and higher TAB1 
expression exhibited a significantly lower 5‑year survival rate 
than those patients with lower TAB1 expression (20). However, 
the functional roles of TAB1 in NSCLC remain largely to be 
elucidated. Herein, we revealed that TAB1 silencing inhibited 
the proliferative and invasive abilities of NSCLC cells in vitro. 
miR‑889 was capable of directly targeting TAB1 and inhibiting 
the malignant progression of NSCLC cells in vitro and in vivo. 
Therefore, TAB1 knockdown via miR‑889 reintroduction may 
be a suitable therapeutic technique for the management of 
patients with NSCLC.

In summary, the significant downregulation of miR‑889 
was observed in NSCLC and it was demonstrated that 
miR‑889 expression was associated with TNM stage and 
distant metastasis. It was further demonstrated that miR‑889 
suppressed NSCLC cell proliferation, invasion in vitro and 
decreased tumor growth in vivo, at least partly, by directly 
targeting TAB1. The present findings indicate that miR‑889 
may function as a tumor suppressor miRNA in NSCLC and 
holds promise as a potential diagnosis biomarker and thera-
peutic target for patients with this fatal disease.
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