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Abstract. Lung adenocarcinoma (LA) is a common non‑small 
cell lung cancer, but effective biomarkers to diagnose early 
LA are still lacking. Increasing evidence has indicated that the 
dysregulation of microRNAs (miRNAs) play crucial roles in LA 
progression. miR‑339‑5p has been recently confirmed to exert 
crucial functions in various cancers. Nevertheless, molecular 
mechanisms and effects of miR‑339‑5p on LA development still 
remain vague. In the present research, miR‑339‑5p expression 
was downregulated in human LA tissues. miR‑339‑5p 
overexpression in LA cells could remarkably suppress the 
LA cell invasion and migration. In addition, further studies 
indicated that miR‑339‑5p overexpression downregulated both 
the B‑cell lymphoma 6 (BCL6) mRNA and protein expressions 
by targeting the BCL6 3'‑UTR directly. Moreover, BCL6 
knockdown could partially lessen the function of miR‑339‑5p 
in LA invasion and migration. In conclusion, the present data 
identified miR‑339‑5p as a novel LA suppressor which exerted 
its functions partly by negatively regulating BCL6.

Introduction

Lung adenocarcinoma  (LA), accounting for about half of 
lung cancers, is one of the most common non‑squamous cell 
tumors (1). As one major type of tumor‑related death globally, 
lung cancers are usually diagnosed at advanced stage which 
is not the optimal period for treatment (2). Although the lung 
cancer survival rate has increased due to the improved diagnosis 
and treatments, lung cancer overall prognosis is still poor and 
there is an urgent need for new therapeutic strategies for lung 

cancer patients (3). Moreover, the molecular mechanism of LA 
remains to be fully elucidated (4). Therefore, understanding 
the molecular mechanism of LA is important to identify valid 
therapeutic biomarkers and develop LA treatment strategies.

MicroRNAs (miRNAs) are promising molecular biomarkers 
for the treatment of LA (5). miRNAs are a series of small 
non‑coding RNAs made up of 18‑25 nucleotides which can 
induce the inhibition of their target genes by binding to their 
3'‑UTRs and the suppression of translation (6). miRNA is one 
crucial factor in the progression and tumorigenesis of multiple 
tumors, and is also considered as potential tumor suppressor or 
oncogene, depending on the specific target gene (7). For instance, 
Yang et al found that miR‑203 could suppress gastric cancer 
cell proliferation, invasion and migration via regulating Slug (8). 
Feng et al reported that miR‑556‑3p promoted human bladder 
cancer cell proliferation, migration and invasion by negatively 
regulating DAB2IP (9). miR‑4317 was found to suppress human 
gastric cancer cell proliferation by targeting ZNF322  (10). 
Aberrant miRNA expression has been observed in lung cancer, 
such as downregulation of miR‑146‑5p (11) and upregulation of 
miR‑616 (12). However, the biological effects of miR‑339‑5p on 
LA pathophysiological progression remain to be established.

B‑cell lymphoma 6 (BCL6), one of the zinc‑finger transcrip-
tion factors, is selectively expressed by T and B cells within 
GCs (13). BCL‑6 is a transcriptional repressor and proto-onco-
gene, contributing to the control of differentiation and cell cycle, 
as well as the inhibition of apoptosis (14). Tumor metastasis and 
invasion are dynamic, multistep and complex processes which 
are the major factors of tumor‑related deaths. (15). Previous 
studies have demonstrated that BCL6 has a crucial effect on 
cell metastasis and invasion in breast cancer (16). In addition, 
BCL6 is regarded as a therapeutic target for autoimmune 
diseases as well as tumor treatment  (17). Nevertheless, the 
expression and function of BCL6 in LA remain largely unclear. 
In this study, we measured BCL6 expression and investigated 
the correlations between miR‑339‑3p and BCL6 in LA.

Materials and methods

Patient specimens. Paired human LA specimens and adjacent 
normal tissue specimens were obtained from 50  patients 
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who received surgical resection between May  2016 and 
January 2018 at the People's Hospital of Rizhao (Rizhao, 
China). All surgical samples were snap‑frozen in liquid nitrogen 
and stored at ‑80˚C following resection until RNA extraction 
was performed. None of the patients received chemotherapy or 
radiotherapy prior to surgery. Written informed consent from 
each patient was obtained prior to the enrolment in the current 
research, which was approved by the Ethics Committee of the 
People's Hospital of Rizhao.

Cell lines. The LA A549 cells and the normal lung epithelial 
cells BEAS‑2B were purchased from the Cell Bank of China 
Academy of Sciences (Shanghai, China) and maintained in 
RPMI‑1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% FBS. All the cell lines 
were cultured in a humidified atmosphere of 5% CO2 at 37˚C.

Cell transfection. miR‑339‑5p mimics, inhibitor or BCL6 
siRNA as well as the corresponding controls were obtained 
from Shanghai GenePharma Co., Ltd. (Shanghai, China) and 
transfected into LA cell line A549 by Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
manufacturer's instructions.

Reverse transcription-quantitative PCR (RT‑qPCR). TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to extract total RNA from LA tissues and cells. PrimeScript™ 
RT reagent kit  (Takara Biotechnology Co., Ltd., Dalian, 
China) was used to reverse transcribe RNA into comple-
mentary DNA (cDNA). The amplifications of cDNA were 
conducted with the SYBR‑Green Master Mix kit (Takara Bio, 
Inc., Otsu, Japan) in strict accordance with the manufacturer's 
guidelines on the system of ABI 7900 Sequence Detection 
System (Applied Biosystems; Thermo Fisher Scientific, Inc., 
Foster City, CA, USA). The expression of miR‑339‑5p and 
BCL6 was normalized to U6 and GAPDH, respectively. 
The relative gene expression was evaluated by the 2‑ΔΔCq 
method (18).

Western blot analysis. Whole cell lysates were obtained 
from LA cells using ice‑cold RIPA lysis buffer which 
contained protease inhibitor cocktail  (Roche Diagnostics, 
Basel, Switzerland). A BCA protein assay kit  (Beyotime 
Institute of Biotechnology, Haimen, China) was used to 
determine the protein concentrations. Then, the proteins 
were separated on SDS‑PAGE and transferred onto PVDF 
membranes (Whatman International Ltd., Maidstone, UK). 
The membrane was blocked in 5% fat‑free milk for 2 h and 
treated with the diluted primary antibodies at 4˚C overnight: 
Α rabbit antibody against BCL6 (1:5,000; cat. no. ab19011) and 
a rabbit antibody against GAPDH (1:3,000; cat. no. ab9485)
both from Abcam (Cambridge, UK). The membrane was 
washed with TBST 3  times and then was incubated with 
horse‑radish peroxidase‑linked secondary goat anti‑rabbit 
antibody (1:4,000; cat. no. ab6721; Abcam). The western blot 
analysis results were analyzed using the enhanced chemilumi-
nescence system (Pierce; Thermo Fisher Scientific, Inc.).

Transwell assays. The invasion and migration of trans-
fected cells were determined by Transwell assay. Transwell 

chambers (Costar, Cambridge, MA, USA) were coated with 
Matrigel on the upper surface for invasion assay or without 
Matrigel for migration assay. For tumor cell invasion analysis, 
after incubation for 30 min at 37˚C, the solidified Matrigel 
was used as the extracellular matrix. Then, the LA cells were 
resuspended in serum‑free medium in the top chamber, when 
the lower chamber was added with medium containing 10% 
FBS. After the incubation for 48 h at 37˚C, the cells in top 
chambers were removed carefully with cotton swabs, followed 
by fixing and staining the cells adhering to the lower surface 
for detecting the results. Additionally, the migration analysis 
was the same as the invasion assay except the Matrigel. The 
invasion or migration numbers of LA cells were counted with 
an inverted microscope (Olympus Corp., Tokyo, Japan) from 
five randomly selected visual fields.

Luciferase reporter assay. The Dual‑Luciferase Reporter 
Assay System (Promega Corp., Madison, WI, USA) was used 
to confirm the precise target of miR‑339‑5p. The amplified 
BCL6‑3'‑UTR‑WT or corresponding BCL6‑3'‑UTR‑MUT 
was, respectively, inserted into pGL3 luciferase vector. 
LA cells were seeded into 24‑well plates and incubated 
for 24 h. Subsequently, the cells were co‑transfected with 
luciferase reporter vectors of the wild‑type or mutant 
type 3'‑UTR of BCL6 gene and miR‑339‑5p mimics using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Moreover, the relative luciferase activities were detected 
with the Dual‑Luciferase Reporter Assay kit (Promega Corp.) 
48 h after the transfection.

Statistical analysis. The above experiments were performed 
3 times. The statistical analysis was evaluated by the GraphPad 
Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA) together 
with SPSS  18.0 version  (SPSS, Inc., Chicago, IL, USA). 
Student's t‑test was applied to evaluate the differences between 
the two groups. The data are indicated as means ± SD. We 
used the Spearman's correlation analysis to determnine the 
correlation between miR‑339‑5p and BCL6 expressions in 
LA tissues. The differences were identified as statistically 
significant at P<0.05.

Results

miR‑339‑5p expression is reduced and BCL6 expression is 
increased in LA. In the present study, we determined the 
miR‑339‑5p expression in 50 LA tissue specimens and normal 
tissues using RT‑qPCR. Results indicated that, compared 
with the control group, the miR‑339‑5p expression in LA 
tissues were increased significantly (Fig. 1A). Additionally, 
we also measured the miR‑339‑5p expressions in LA cell 
lines. The results demonstrated a significant decrease of 
miR‑339‑5p expression in LA cells (Fig. 1B). Furthermore, 
we also measured the BCL6 expression in the LA cells. 
From the results, we knew that compared with the control 
group, the BCL6 expressions in the LA cells were notably 
enhanced  (Fig.  1C). Next we analyzed the Spearman's 
correlation between miR‑339‑5p and BCL6 expressions in 
LA tissues. Based on the analysis results, the miR‑339‑5p 
expression was inversely related to the BCL6 expression in 
LA tissues (Fig. 1D).
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Effects of miR‑339‑5p on LA cell invasion and migration. To 
better understand the effects of miR‑339‑5p on LA cell invasion 
and migration, miR‑339‑5p mimics or inhibitor was transfected 
into a common LA cell line A549. Briefly, miR‑339‑5p mimics 
or inhibitor was transfected into A549 cells to up‑ or down-
regulate miR‑339‑5p expression (Fig. 2A). Then, we performed 
Transwell assays to investigate the mechanism of miR‑339‑5p 
in LA invasion. As shown in  Fig.  2B  and  D, miR‑339‑5p 
restoration in LA cells resulted in declined cell invasion, 
whereas miR‑339‑5p silence in LA cells notably increased LA 
invasion compared with the control group. Subsequently, we 
continued to investigate the functions of miR‑339‑5p in LA 
cell migration. Data of Transwell assays also demonstrated 
that miR‑339‑5p overexpression remarkably repressed the LA 
cell migration and conversely, inhibition of miR‑339‑5p in LA 
cells promoted the capacity of LA cells (Fig. 2C and E).

miR‑339‑5p directly targeted BCL6 in LA cells. To investigate 
the underlying mechanism of miR‑339‑5p in LA, TargetScan 
was used to identify the potential target genes for miR‑339‑5p 
involved in LA progression. Based on the results, BCL6 was 
chosen as a candidate target for miR‑339‑5p. The putative 
wild‑type or mutant BCL6 3'‑UTR was inserted into luciferase 
reporter gene to create BCL6 3'‑UTR‑WT and BCL6 
3'‑UTR‑MUT (Fig. 3A). Then, the LA cells were co‑transfected 
with the corresponding vector containing wild‑type/mutant 
BCL6 3'‑UTR and miR‑339‑5p mimics to perform the 
luciferase reporter assays. The results demonstrated that the 
BCL6 3'‑UTR‑WT luciferase activity was notably decreased by 

miR‑339‑5p mimics, whereas it had no influence on the BCL6 
3'‑UTR‑MUT luciferase activities (Fig. 3B). Additionally, we 
found that miR‑339‑5p could modulate the expression of BCL6 
mRNA and protein by RT‑qPCR and western blot analysis. 
Briefly, the results indicated that miR‑339‑5p restoration in 
LA cells leads to downregulation of BCL6 expression and 
miR‑339‑5p inhibition contributed to upregulation of BCL6 
expression (Fig. 3C and D). The data revealed that miR‑339‑5p 
regulated BCL6 expression at both mRNA and protein level 
via targeting its 3'‑UTR directly.

miR‑339‑5p triggers the inhibition of LA cell invasion 
and migration partially by regulating BCL6. To further 
investigate whether the repression of LA cell invasion and 
migration mediated by miR‑339‑5p was regulated by BCL6, 
miR‑339‑5p inhibitor and BCL6 siRNA were co‑transfected 
into A549 cells. Then, RT‑qPCR was carried out to examine 
the transfection efficiency. As presented in Fig. 4A, we found 
that the co‑transfection of miR‑339‑5p inhibitor and BCL6 
siRNA repressed the increased BCL6 expression induced by 
miR‑339‑5p inhibitor. Moreover, we performed western blot 
analysis to confirm the transfection efficiency. Similarly to 
the RT‑qPCR results, the data revealed that BCL6 siRNA 
downregulated the BCL6 expression (Fig. 4B). Additionally, 
we investigated whether BCL6 downregulation was related 
to LA cell invasion and migration by performing Transwell 
assays. The results showed that knockout of BCL6 reversed 
the promoting functions of miR‑339‑5p inhibitor in LA cell 
invasion and migration (Fig. 4C and D).

Figure 1. Analysis of expression of miR‑339‑5p and BCL6 in LA tissues and cells. (A and B) The expression of miR‑339‑5p in LA tissues and cells was mea-
sured using RT‑qPCR (**P<0.01). (C) The BCL6 expression in LA cells was evaluated by RT‑qPCR (**P<0.01). (D) Spearman's correlation between miR‑339‑5p 
and BCL6. BCL6, B‑cell lymphoma 6; LA, lung adenocarcinoma; RT‑qPCR, reverse transcription-quantitative PCR.
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Figure 2. miR‑339‑5p overexpression suppresses invasion and migration of LA cells. (A) miR‑339‑5p expression in LA cells treated with miR‑339‑5p mimics 
or inhibitor were evaluated (*P<0.05, **P<0.01). (B and C) Quantitative results of Transwell assays in LA cells with different transfections (*P<0.05, **P<0.01). 
(D and E) Invasion and migration capacities were observed by Transwell assays in LA cells with different transfections. LA, lung adenocarcinoma.

Figure 3. miR‑339‑5p modulates LA cells through targeting BCL6. (A) The BCL6 3'‑UTRs containing the wild‑ or mutant‑type miR‑339‑5p targeting sequence 
were inserted downstream of the luciferase reporter vector. (B) The Dual‑Luciferase Reporter Assay revealed that the luciferase activities controlled by BCL6 
3'‑UTR were suppressed by ectopic miR‑339‑5p expression in LA cells (**P<0.01). (C and D) RT‑qPCR and western blot analysis were used to measure BCL6 
mRNA and protein level in LA cell lines with transfection of miR‑339‑5p mimics or inhibitor (**P<0.01). LA, lung adenocarcinoma; BCL6, B‑cell lymphoma 6; 
RT‑qPCR, reverse transcription-quantitative PCR.
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Discussion

Lung cancer remains one of the major health problems for 
people worldwide due to its high incidence and mortality rates. 
LA is a common histologic type of lung tumors in various 
countries (19). Although many achievements have been made 
in antitumor therapies in recent years, the LA survival rate 
remains far from satisfactory. Owing to lack of specific clinical 
symptoms, LA patients are often diagnosed at late stages, 
having little chance to be effectively treated. Cancer‑related 
molecular abnormality plays important roles in the therapies 
and progression of lung cancer (20). Growing evidence has 
demonstrated that the dysregulation of miRNAs is implicated 
in the LA process (21).

The abnormal miR‑339‑5p expression has been verified 
to play key roles in multiple tumors, including hepatocellular 
cancer (22) and breast cancer (23). For example, miR‑339‑5p 
was confirmed to regulate colorectal cancer metastasis, growth 
and colony formation via targeting PRL‑1 (24). Jansson et al 
reported that miR‑339‑5p regulated the p53 tumor‑suppressor 
pathway via regulating MDM2 (25). However, the clinical 
significance and potential molecular mechanism of miR‑339‑5p 
in LA are still unclear. The further evidence that miR‑339‑5p 
played key parts in human LA progression was provided in 
this study, given that miRNAs are comprehensively known 
as tumor regulators. Briefly, miR‑339‑5p was identified as 

the downregulated miRNA in LA by RT‑qPCR. Besides, 
miR‑339‑5p overexpression was verified to inhibit the activi-
ties of LA cells by targeting BCL6. In short, the findings of 
this research revealed that miR‑339‑5p had important effects 
on LA development.

BCL6, as an oncogene in different tumors, has drawn much 
attention. For instance, BCL6 promoted glioma and served 
as a therapeutic target (26). high Lewis y antigen and BCL6 
expressions in epithelial ovarian cancer were associated with 
poor prognosis and high tumor burden (27). BCL6 was increased 
and downregulated by miR‑544 in triple‑negative breast cancer 
to suppress tumor growth (28). To our knowledge, there is no 
previous research reported on the association between BCL6 
and miR‑339‑5p in LA. Our present results provide preliminary 
strong evidence that BCL6 is directly targeted by miR‑339‑5p 
and implicated in LA. The data also revealed that knockdown of 
BCL6 reversed the effects of miR‑339‑5p inhibitor on LA cell 
invasion and migration. These data suggested that miR‑339‑5p 
exerted tumor suppressive roles in LA via targeting BCL6.

Taken together, the decrease of miR‑339‑5p expression in 
LA might be a potential biomarker, leading to a higher BCL6 
expression. In addition, miR‑339‑5p overexpression could 
efficiently inhibit the LA cell invasion and migration abilities 
through regulating BCL6 expression. This finding will help to 
further understand the function of miR‑339‑5p in LA, and may 
provide insights into developing novel therapies.

Figure 4. Knockdown of BCL6 abrogates the function mediated by miR‑339‑5p inhibitor in LA cell invasion and migration. (A and B) The BCL6 mRNA or 
protein expression level was measured by RT‑qPCR or western blot analysis in LA cells co‑transfected with BCL6 siRNA and miR‑339‑5p inhibitor (*P<0.05). 
(C and D) Transwell assays were conducted to detect invasion and migration ability in LA cells co‑transfected with BCL6 siRNA and miR‑339‑5p inhibitor 
(**P<0.01). BCL6, B‑cell lymphoma 6; LA, lung adenocarcinoma; RT‑qPCR, reverse transcription-quantitative PCR.
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