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A B S T R A C T

Background: Non-small cell lung cancer (NSCLC) is associated with a high mortality and morbidity 
rate. MicroRNAs participate in tumorigenesis, progression and metastasis of NSCLC. However, 
miR-6884-5p has not been previously studied. This study aimed to investigate the role of miR- 
6884-5p in NSCLC and explore its underlying mechanisms.
Methods: We used miR-6884-5p mimics and inhibitors to assess its effects in NSCLC. miR-6884-5p 
expression levels in NSCLC cell lines were quantified using qRT-PCR. Cell viability was deter
mined using a cell-counting kit 8 assay. Western blot analysis was employed to measure apoptotic 
proteins. The impact of miR-6884-5p on cell proliferation was assessed via colony formation 
assay. Furthermore, Transwell assays were utilized to visualize and quantify the effects of miR- 
6884-5p on NSCLC migration and invasion.
Results: miR-6884-5p mimic significantly inhibited NSCLC cell proliferation to 71.21 % and 72.26 
% of control at 5 days of culture time in H460 and HC9 cells (both p < 0.01), respectively, while 
miR-6884-5p inhibitor significantly promoted cell proliferation to 119.66 % and 126.44 % of 
control at 5 days of culture time in H460 and HC9 cells (both p < 0.05), respectively. In addition, 
miR-6884-5p promoted apoptosis by reducing the anti-apoptotic protein B-cell lymphoma 2 
(BCL2) protein and increasing apoptotic protein BCL2 associated X protein (all p < 0.01 at least). 
Moreover, miR-6884-5p effectively suppressed transforming growth factor β1-induced epithelial- 
mesenchymal transition, as evidenced by the restored expression of E-cadherin (p < 0.01), N- 
cadherin (p < 0.01) and Vimentin (p < 0.05), leading to the inhibition of migration and invasion 
in NSCLC cell lines.
Conclusions: Our findings demonstrate that miR-6884-5p can inhibit NSCLC cell proliferation, 
migration, and invasion, suggesting its potential as a therapeutic target for NSCLC treatment.

Funding

The study was supported by Key Research Project of Cangzhou City (204106180).

* Corresponding author.
E-mail address: zhangqianyun001@163.com (Q. Zhang). 

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2024.e38428
Received 27 June 2023; Received in revised form 17 September 2024; Accepted 24 September 2024  

Heliyon 10 (2024) e38428 

Available online 25 September 2024 
2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:zhangqianyun001@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e38428
https://doi.org/10.1016/j.heliyon.2024.e38428
http://creativecommons.org/licenses/by-nc-nd/4.0/


1. Introduction

Non-small cell lung cancer (NSCLC), including a variety of different lung cancers, most notably large cell carcinoma, squamous cell 
carcinoma and adenocarcinoma, ranks as the second most prevalent cancer in developing countries and is the third leading cause of 
cancer-related deaths in women, accounting for approximately 500,000 new cases and 300,000 deaths annually [1,2]. The incidence 
of lung cancer has risen alongside a decrease in the median age at diagnosis. Despite advancements in diagnostic and treatment 
modalities including various radiotherapies [3,4], the 5-year overall survival rate for NSCLC remains below 30 % [5,6]. Therefore, 
investigating the molecular mechanisms and identifying new biomarkers of lung cancer is crucial for improving its diagnosis and 
treatment.

Studies have demonstrated that non-coding RNAs, including microRNAs (miRNAs), play significant roles in the differentiation, 
proliferation, and apoptosis of tumor cells [7–10]. Several candidate miRNAs in lung cancer have been identified as either oncogenic or 
tumor-suppressing factors, with abnormal miRNA serving as potential biomarkers for lung cancer diagnosis [11,12]. For example, 
miR-7 regulates apoptosis and malignant behavior of HeLa and C33A cells in lung cancer by targeting X-linked inhibitor of apoptosis 
[13]. Additionally, previous study has indicated that upregulation of miR-145 is associated with aggressive progression and poor 
prognosis in lung cancer [14–18]. Moreover, overexpression of miR-183, hsa-miR-182, hsa-miR-210, hsa-miR-200 and hsa-miR-21 are 
related to tumor progression, showing their potential as diagnostic biomarkers [19]. In particular, long non-coding RNA RHPN1-AS1 
was able to promote ovarian carcinogenesis by sponging miR-6884-5p [20]. Malignant behaviors could be driven by E2F1-activated 
LINC01224 in esophageal squamous cell carcinoma (ESCC) via targeting miR-6884-5p [21]. A more recent study suggests that 
miR-6884-5p participated in the regulatory role of circ_0023990 in cell invasion, proliferation and glycolysis of ESCC [22]. These 
results indicate that miR-6884-5p may play an important role in tumorigenesis. miRNAs play crucial roles in tumorigenesis, pro
gression, and metastasis through various mechanisms. For example, some miRNAs function as oncogenes by downregulating tumor 
suppressor genes [23]. miRNAs can influence the cell cycle and apoptosis by regulating genes involved in these processes [24]. 
Moreover, miRNAs can either promote or inhibit epithelial-mesenchymal transition (EMT) [25].

Our previous study reveals that miR-6884-5p expression is downregulated in NSCLC tissues, and its level is inversely correlated 
with EMT [26]. However, it is a pity that there is no more research of miR-6884-5p on NSCLC and the detailed underlying mechanisms 
remain largely unknown. Therefore, the present study aims to further substantiate the regulatory role of miR-6884-5p in NSCLC cell 
proliferation and EMT through additional in in vitro experiments.

2. Methods

2.1. Cells

The NSCLC cells lines (A549, H1299, H460, PC9, and H358) and human normal lung epithelial cells (BEAS-2B) were purchased 
from the American Type Culture Collection (Manassas, VA). These cells were cultured in RPMI 1640 supplemented with 100 units/mL 
penicillin, 0.1 mg/mL streptomycin, and 10 % fetal bovine serum (Gibco, Grand Island, NY). Cells were incubated in a humidified 
atmosphere of 5 % CO2 in air at 37 ◦C and maintained in logarithmic growth phase.

The miR-6884-5p mimics, inhibitors and corresponding negative controls were synthesized and purchased from RiboBio Company 
(Guangzhou, China). Cells seeded in 6-well plates were transfected with the constructed plasmids for 48 h by employing Lipofectamine 
3000 (Invitrogen, Carlsbad, CA). The transfection time was based on the protocol provided by the manufacturer and current litera
tures. H460 and PC9 were chosen for most of the experiments due to their lowest expression of miR-6884-5.

2.2. qRT-PCR

Total RNA extraction was carried out using the RNA Easy Fast Tissue/Cell Kit purchased from Tiangen (Beijing, China). The RNA 
was reverse transcribed to cDNA, and quantified PCR was performed using CFX Connect Real-Time PCR Detection System (Bio-Rad, 
Hercules, CA). U6 was used as an internal control for normalization. Relative gene expression levels were calculated using 2− ΔΔCt 

method. qRT-PCR primers (5′-3′): miR-6884-5p: Forward AGAGGCTGAGAAGGTGATGT, Reverse GAACATGTCTGCGTATCTC; U6: 
Forward CTCGCTTCGGCAGCACA, Reverse AACGCTTCACGAATTTGCGT.

2.3. Cell-counting kit 8 (CCK8) assay

Cell viability was assessed by CCK8 assay (Vazyme Biotec, Nanjing, China). Cells were seeded in 96-well plates and incubated for 1, 
2, 3, 4, 5 days following transfection with miR-6884-5p mimics, inhibitor, or negative control.

2.4. Western blot

Total protein was extracted from the cells using radioimmunoprecipitation assay buffer (Beyotime Biotechnology, Shanghai, 
China), and the protein concentration was determined with the BCA Protein Assay Reagent (Thermo Fisher Scientific, Waltham, MA). 
Forty micrograms of proteins were loaded onto 10 % sodium dodecyl sulfate-page gels. The separated proteins were transferred to 
polyvinylidene fluoride membrane and blocked with 5 % non-fat milk for 1 h at room temperature. Primary antibodies used in this 
study included anti-BAX (BCL2 Associated X) (ab32503, Abcam, Shanghai, China), anti-BCL2 (B-cell lymphoma 2) (ab32124, Abcam), 
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anti-E-cadherin (ab40772, Abcam), anti-N-cadherin (ab76011, Abcam), anti-Vimentin (ab92547, Abcam) and anti-GAPDH (ab8245, 
Abcam) antibodies. The bands were quantified using image J software.

2.5. Colony formation assay

For the colony formation assay, cells were plated at a density of 2000 cells per well in 6-well plates and allowed to grow for 
approximately 10 days. After incubation, colonies were fixed with methanol and stained with 0.5 % crystal violet. Colonies were then 
counted to assess proliferation and colony formation ability.

2.6. Cell migration and invasion

Cell migration and invasion were determined using Transwell 24-well plates with 8 μm pore size inserts (Corning, NY). After 36 h of 
stimulation, the cells were fixed with 4 % paraformaldehyde and stained with 1 % crystal violet solution to visualize and quantify 
migration and invasion capabilities.

2.7. Statistical analysis

Data was exemplified as mean ± standard deviation (SD). Kolmogorov-Smirnov test was used to test the normality of the data 
before comparisons. Two groups that met normal distribution were conducted using unpaired t-test with Welch’s correction. More than 
two groups that met normal distribution were conducted using Welch’s ANOVA test followed Dunnett’s T3 multiple comparisons test. 
Data are regarded as statistically relevant if the P < 0.05.

Fig. 1. The expressions of miR-6884-5p in non-small cell lung cancer cells lines. A, qRT-PCR was used to analyze the expressions of miR-6884-5p 
among different NSCLS cells (U6 was used as a loading control and human normal lung epithelial cells BEAS-2B was used a negative control). The 
expressions were normalized to BEAS-2B. H460 and PC9 were transfected with miR-6884-5p mimics, inhibitors and corresponding negative controls 
for 48 h qRT-PCR was used to analyze the expressions of miR-6884-5p (B–E). n = 3. Data were shown as mean ± SD. *p < 0.05, **p < 0.01, ***p <
0.001 compared to control. Welch’s ANOVA test followed Dunnett’s T3 multiple comparisons test.
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3. Results

3.1. The expressions of miR-6884-5p in non-small cell lung cancer cells lines

We initially assessed miR-6884-5p expression levels across various cell types: normal cells BEAS-2B, and NSCLS cells, including 
A2549, H1299, H460, PC9, H358. Compared to BEAS-2B cells, the NSCLC cell lines exhibited notably reduced miR-6884-5p 
expression, with H460 (decreased by 0.462 ± 0.051, p = 0.008) and PC9 (decreased by 0.428 ± 0.047, p = 0.006) cells showing 
particularly significant downregulation (Fig. 1A). Other cell lines (A2549, H1299, H358) also showed a significant decrease in miR- 
6884-5p expression as well, but the reduction was less pronounced. Subsequently, H460 and PC9 cells were selected for further ex
periments. Treatment with miR-6884-5p mimics substantially increased miR-6884-5p expression in both H460 (increased by 5.585 ±
0.163, p < 0.001 compared to control) and PC9 (increased by 4.797 ± 0.266, p = 0.003 compared to control), whereas treatment with 
miR-6884-5p inhibitors led to a significant decrease in miR-6884-5p levels (decreased by 0.284 ± 0.027 and 0.297 ± 0.037, p = 0.003 
and 0.002 compared to control) (Fig. 1B-E). These results indicate that miR-6884-5p expression was downregulated in the NSCLC cell 
lines.

3.2. miR-6884-5p inhibits proliferation of H460 and PC9 cells

To assess the impact of miR-6884-5p on cell proliferation, we carried out CCK8 assays on H460 and PC9 cell lines. Cell viability was 
measured at 1, 2, 3, 4, and 5 days post-transfection. It was found that miR-6884-5p mimic notably suppressed cell viability in both 
H460 and HC9 cells (about 71.21 % and 72.26 % of control at 5 days of culture time, p = 0.007 and p = 0.005) (Fig. 2A and C). 
Conversely, miR-6884-5p inhibitor significantly promoted cell viability in both cell lines (about 119.66 % and 126.44 % of control at 5 
days of culture time, p = 0.021 and p = 0.014) (Fig. 2B and D). The results demonstrate the regulatory role of miR-6884-5p in NSCLC 
proliferation.

3.3. miR-6884-5p promotes apoptosis of H460 and PC9 cells

We further evaluated the effects of miR-6884-5p on cell proliferation and apoptosis in H460 and PC9 cells. The protein levels of the 

Fig. 2. miR-6884-5p inhibits proliferation of H460 and PC9 cells. H460 and PC9 were transfected with miR-6884-5p mimics, inhibitors and cor
responding negative controls. At 1, 2, 3, 4 and 5 days after the transfection, cell viability was measured by CCK8 (A–D). n = 6. Data were shown as 
mean ± SD. *p < 0.05, **p < 0.01 compared to control. Welch’s ANOVA test followed Dunnett’s T3 multiple comparisons test.
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proapoptotic molecule BAX and the anti-apoptotic molecules BCL2 were determined using Western blot. Compared to control, we 
observed miR-6884-5p mimic treatment induced a significant increase in BAX levels in H460 (increased by 3.274 ± 0.251, p = 0.003) 
and in PC9 cells (increased by 2.879 ± 0.242, p = 0.002), and a decrease in BCL2 levels in H460 (decreased by 0.319 ± 0.038, p <
0.001) and in PC9 cells (decreased by 0.437 ± 0.053, p = 0.004) (Fig. 3A-F). Furthermore, to further investigate the impact of miR- 
6884-5p on cell proliferation, we conducted a colony formation assay 10 days post-transfection. The results showed a significant 
reduction in the number of colonies formed by H460 and PC9 cells in the miR-6884-5p mimics group compared to controls (Fig. 3G-H). 
In summary, these findings indicate that miR-6884-5p promotes apoptosis and inhibits proliferation of H460 and PC9 cells.

Fig. 3. miR-6884-5p promotes apoptosis and inhibits proliferation of H460 and PC9 cells. H460 and PC9 were transfected with miR-6884-5p 
mimics for 72 h. The protein level of proapoptotic molecules BAX, and anti-apoptotic molecules BCL2 were examined by Western blot (A and 
D). The uncropped gels were provided in the supplementary materials. GAPDH was used as a loading control and the expressions were normalized to 
control (B, C and E, F). n = 3. The colony formation assay was conducted 10 days after transfection and the number of colonies were calculated (G 
and H). n = 6. Data were shown as mean ± SD. **p < 0.01, ***p < 0.001 compared to control. Unpaired t-test with Welch’s correction.
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3.4. miR-6884-5p inhibits transforming growth factor (TGF)-β1-induced migration and invasion of H460 cells

We then investigated whether miR-6884-5p could inhibit cell migration and invasion in H460 cells. H460 cells were transfected 
with miR-6884-5p mimics for 48 h, followed by stimulation with TGF-β1 (10 ng/ml) for 36 h. The Transwell assays were performed to 
assess cell migration and invasion. Our results showed that the number of migrated cells (Fig. 4A, TGF-β1: 470.03 ± 62.09, TGF- 
β1+miR-mimics: 309.31 ± 46.75, p = 0.001) as well as invasive cells (Fig. 4B, TGF-β1: 389.68 ± 48.94, TGF-β1+miR-mimics: 223.72 
± 35.53, p < 0.001) were significantly reduced upon treatment with miR-6994-5p mimics when compared to TGF-β1 treatment group. 
These findings collectively suggest that miR-6884-5p can effectively inhibit TGF-β1-induced migration and invasion in H460 cells.

3.5. miR-6884-5p inhibits TGF-β1-induced EMT of H460 cells

We then evaluated whether miR-6884 could inhibit TGF-β1-induced EMT in H460 cells. The protein levels of EMT-related markers, 
including E-cadherin, N-cadherin and Vimentin, were examined using Western blot analysis (Fig. 5A). Our findings indicated that E- 
cadherin expression was significantly reduced in the TGF-β1 treatment group, but this reduction was attenuated by miR-6884-5p 
mimics treatment (Fig. 5B, TGF-β1: 0.342 ± 0.047, TGF-β1+miR-mimics: 1.032 ± 0.121, p = 0.005). Conversely, the protein levels 
of N-cadherin and Vimentin were markedly increased in response to TGF-β1 stimulation, and miR-6884-5p effectively suppressed the 
elevation of N-cadherin (TGF-β1: 6.784 ± 0.593, TGF-β1+miR-mimics: 2.634 ± 0.315, p = 0.003) and Vimentin protein levels (TGF- 
β1: 4.372 ± 0.317, TGF-β1+miR-mimics: 3.172 ± 0.263, p = 0.001) (Fig. 5C and D). Overall, these data suggest that miR-6884-5p 
inhibits TGF-β1-induced EMT.

4. Discussion

In recent years, significant progress has been made in the diagnosis and treatment of NSCLC, utilizing therapies such as chemo
therapy, radiotherapy, immunotherapy, and targeted therapies like tyrosine kinase inhibitors. However, despite these advances, the 5- 
year overall survival rate for NSCLC patients remains disappointingly low [27,28]. Recurrence and tumor metastasis continue to pose 
significant challenges in clinical cancer treatment [29]. Therefore, there is critical need to develop novel therapeutic approaches 
targeting tumor invasiveness and motility to overcome current limitations in lung cancer treatment [30,31]. In this study, we 
investigated the anti-tumor effects of miR-6884-5p on two NSCLC cell lines in vitro. Our findings demonstrate that miR-6884-5p exerts 
cytotoxic effects on NSCLC cells, inducing apoptosis by modulating the BCL2/BAX ratio. Additionally, miR-6884-5p inhibits cell 
migration and invasion, and mitigates the dysregulation of key oncogenic factors during EMT in NSCLC cells.

Aberrant expression of miRNAs is closely linked to tumorigenesis, influencing processes such as malignant transformation, 
apoptosis, invasion and metastasis of cancer [32–36]. miRNAs are intricately involved in cancer regulation by targeting specific genes 
and influencing multiple signaling pathways [37–40]. They play pivotal roles in metastasis and EMT in NSCLC. For example, miR-107 
has been shown to inhibit hepatocellular carcinoma proliferation and metastasis by modulating the Wnt signaling pathway [41]. 
Similar regulatory roles have been observed in other cancer types, where Zhang et al. also showed such regulatory events in pre
adipocytes [42]. Li et al. found that the miR-6884-3p/CCNB1 axis is involved in the tumorigenic behavior of hepatocellular carcinoma 
cells mediated by RP11-295G20.2 [43].

However, research specifically linking miR-6884-5p to known signaling pathways in NSCLC is still relatively limited. Based on 

Fig. 4. miR-6884-5p inhibits TGF-β1-induced migration and invasion of H460 cells. H460 cells were transfected with miR-6884-5p mimics for 48 h 
and then stimulated with TGF-β1 (10 ng/mL) for 36 h. The cell migration and invasion were determined using Transwell 24-well plates. The number 
of migrated and invasive cells were compared (A, B). n = 6. Data were shown as mean ± SD. ***p < 0.001 compared to control, ##p < 0.01 
compared to TGF-β1. Welch’s ANOVA test followed Dunnett’s T3 multiple comparisons test.
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general miRNA mechanisms and potential interactions, miR-6884-5p might influence key pathways involved in NSCLC. For example, 
miR-6884-5p may target genes involved in PI3K/AKT/mTOR, potentially acting as a tumor suppressor by downregulating components 
of this pathway, leading to reduced cell proliferation and tumor growth. Components of PI3K/Akt/mTOR signaling pathway have 
emerged as promising targets for microRNA-based therapies [44]. It was revealed that miR-4524b-5p attenuated the proliferation and 
radioresistance of glioblastoma via PI3K/AKT/mTOR signaling [45]. MAPK/ERK pathway, also involved in cell proliferation and 
survival, could be another important target for miR-6884-5p. A very recent study suggests that miR-889-3p could promote the 
development of retinoblastoma through MAPK/ERK signaling pathway [46].

Metastasis represents a significant cause of cancer-related mortality, and EMT is pivotal in facilitating this process [47]. EMT 
involves a series of stages including local invasion, internal invasion, external invasion and distant proliferation, making it a complex 
and currently uncontrollable process. A hallmark of EMT is the downregulation of E-cadherin coupled with increased expression of 
N-cadherin and vimentin [48–51]. Our study observed that miR-6884-5p introduction resulted in decreased E-cadherin expression and 
increased levels of N-cadherin and vimentin in NSCLC cell lines. These findings suggest that miR-6884-5p induces EMT in NSCLC cells. 
Previous research has also demonstrated that downregulation of miR-6884-5p in esophageal squamous cell carcinoma promotes cell 
proliferation, invasion, and migration, while its upregulation inhibits these processes. Our results align with these findings, indicating 
that miR-6884-5p inhibits cell proliferation and EMT processes in NSCLC. Mechanically, our previous study suggests that miR-6884-5p 
directly binds to the 3′UTR of S100A16, leading to the inhibition of S100A16 expression, which then contributes to its inhibitory effect 
on EMT process in NSCLC [26].Certainly, there are several limitations in our current study that warrant further investigation. Firstly, 
while we have demonstrated the anti-cancer effects of miR-6884-5p in vitro, validating these findings with in vivo data is crucial to 
confirm their relevance in a physiological context. Secondly, elucidating the specific mechanisms and signaling pathways through 

Fig. 5. miR-6884-5p inhibits TGF-β1-induced EMT of H460 cells. H460 cells were transfected with miR-6884-5p mimics for 48 h and then stim
ulated with TGF-β1 (10 ng/mL) for 36 h. The protein level of EMT-related proteins including E-cadherin, N-cadherin and Vimentin were detected by 
Western blot (A). The uncropped gel was provided in the supplementary materials. GAPDH was used as a loading control and the expressions were 
normalized to control (B–D). n = 3. Data were shown as mean ± SD. **p < 0.01, ***p < 0.001 compared to control, #p < 0.05, ##p < 0.01 
compared to TGF-β1. Welch’s ANOVA test followed Dunnett’s T3 multiple comparisons test.
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which miR-6884-5p exerts its inhibitory effects on NSCLC requires further detailed study. Understanding these pathways could provide 
insights into potential therapeutic targets. Thirdly, assessing the expression of miR-6884-5p in clinical specimens from NSCLC patients 
is essential to establish its clinical relevance and potential as a biomarker. Correlating miR-6884-5p expression levels with clinical 
outcomes such as patient survival and response to treatment would provide valuable insights into its role in NSCLC progression and 
prognosis. Addressing these limitations will be crucial for advancing our understanding of miR-6884-5p′s role in NSCLC and its po
tential as a therapeutic target or diagnostic marker.

Although our results demonstrate the potential of miR-6884-5p based therapy for NSCLC treatment, how to deliver miR-6884-5p 
specifically to lung cancer cells without affecting normal tissues is still a major challenge. Additionally, ensuring that miR-6884-5p 
reach the target cells in sufficient quantities is difficult due to the potential degradation by nucleases in the bloodstream and clear
ance by the immune system. To date, various delivery systems, such as nanoparticles, liposomes, and viral vectors, have been 
developed, each comes with its own set of issues, including toxicity, immune reactions, and the risk of unintended gene modifications. 
This requires more safe and efficient delivery strategies.

5. Conclusion

In summary, the current study identified the anti-tumor effects of miR-6884-5p in vitro. Specifically, miR-6884-5p can inhibit 
NSCLC cell proliferation and promote cell apoptosis by regulating BAX/BCL2 ratio. Furthermore, miR-6884-5p can inhibit migration, 
invasion, and EMT process by suppressing TGF-β1 in NSCLC. The current results suggest the regulatory role of miRNAs in NSCLC, and 
reveal the potential of miR-6884-5p as a therapeutic target for the treatment of NSCLC. Nevertheless, the observed findings could be 
validated in clinical samples and NSCLC animal models in the future to fully unravel the importance of miR-6881-5p in NSCLC. 
Specifically, the levels of miR-6884-5p in patient blood samples should be investigated as a non-invasive biomarker for early detection 
of NSCLC. Similar to other microRNAs, miR-6884-5p holds promise as a therapeutic target in NSCLC due to its potential role in tumor 
suppression, and as a diagnostic/prognostic biomarker. However, further research is needed to fully understand its mechanisms and to 
develop effective strategies for clinical application. Besides, synthetic miR-6884-5p mimics and efficient delivery systems that can be 
delivered to NSCLC tissues should be developed in clinic.
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