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MicroRNA (miRNA) dysregulation has been identified in several carcinomas, including non-small cell 
lung cancer (NSCLC), and is known to play a role in the development and progression of this disease. 
We initially conducted a miRNA microarray analysis, which revealed that the MNK inhibitor CGP57380 
increased the expression of miR-150-3p. A similar analysis was performed using data from The Cancer 
Genome Atlas (TCGA). Cell proliferation, colony formation and migration assays were validated in A549 
and H157 cells treated with miR-150-3p mimics. Quantitative polymerase chain reaction (qPCR) was 
then used to detect potential target genes. We observed significant downregulation of miR-150-3p in 
NSCLC samples compared with normal samples (P = 0.035). High miR-150-3p expression was associated 
with longer overall survival (P = 0.005), as determined via a tissue microarray (TMA). These results 
were validated in the TCGA and revealed that miR-150-3p was expressed at low levels in NSCLC tissues 
(P < 0.0001) and that patients with high miR-150-3p expression had a better prognosis (P = 0.042). 
Moreover, the combination of miR-150-3p and CGP57380 exerted a synergistic inhibitory effect on 
colony formation, growth, and migration and induced apoptosis in NSCLC cell lines. We investigated 
the potential targets of miR-150-3p and successfully validated six potential target genes through qPCR 
analysis. High miR-150-3p expression may enhance the response to immunotherapy, cisplatin and 
gemcitabine. In summary, this study underscores the promising therapeutic implications of combining 
miR-150-3p and CGP57380 for NSCLC treatment. Additionally, this study provides valuable insights 
into the molecular mechanisms underlying the effects of this treatment.
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Lung cancer is broadly categorized into two pathological subtypes: non-small cell lung cancer (NSCLC) and 
small cell lung cancer (SCLC)1. NSCLC encompasses various subtypes, including adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma, and accounts for the majority (approximately 80–85%) of all lung cancer 
cases1. Among NSCLC subtypes, adenocarcinoma is the most prevalent and is commonly found in the peripheral 
regions of the lung. Nevertheless, despite advancements in early diagnostic methods and the application of 
targeted and immunotherapeutic treatments, the prognosis of NSCLC patients remains unfavourable, with a 
five-year survival rate of approximately 21%2. These statistics underscore the great need for ongoing research 
and for the development of innovative therapeutic strategies to improve outcomes for individuals diagnosed 
with NSCLC.

Emerging evidence supports the critical involvement of eukaryotic translation initiation factor 4E (eIF4E) 
and its downstream effectors, mitogen-activated protein kinase-interacting kinases (MNKs), in cancer drug 
resistance3,4. MNKs have been shown to promote drug resistance across various cancer types, including 
lung, breast, and pancreatic cancers5–7. Several studies have established that MNKs can confer resistance to 
chemotherapy in patients with pancreatic cancer7 and breast cancer8. Our team previously confirmed that the 
mTOR inhibitor rapamycin induces eIF4E phosphorylation through MNK activation in NSCLC9. CGP57380, 
an MNK inhibitor, effectively abolishes mTOR inhibitor-induced eIF4 phosphorylation and Akt activation9.
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MicroRNAs (miRNAs) are a class of small noncoding RNA molecules that have emerged as promising 
biomarkers and therapeutic targets in the context of lung cancer10. To further understand the specific 
mechanism of miRNAs, we performed a miRNA microarray analysis to detect changes in miRNAs induced by 
CGP57380 treatment. Among the differentially expressed genes, miR-150-3p attracted our attention. Recent 
investigations have elucidated the inhibitory effects of miR-150-3p on cell proliferation in various tumour types, 
including gliomas, hepatocellular carcinoma, colorectal cancer, and head and neck squamous cell carcinoma 
(HNSCC)11–14. The role of miR-150 in tumours involves various aspects, such as matrix metalloproteinases, 
cell adhesion, transcription factors, and epigenetics15–18. In some studies, miR-150 expression was found to be 
elevated in lung cancer, whereas in other studies, its expression was decreased19–21. These findings emphasize 
the need for further research to better comprehend the contradictory observations of miR-150 in NSCLC. MiR-
150-3p is a passenger strand miRNA of pre-miR-150. We first reported that miR-150-3p may be associated with 
therapeutic resistance caused by MNKs in non-small cell lung cancer.

In this study, we explored the potential antitumour effects of CGP57380 and miR-150-3p in NSCLC. 
Our findings revealed that CGP57380 can upregulate the expression of miR-150-3p, as evidenced by miRNA 
microarray analysis. The combined approach of miR-150-3p overexpression and CGP57380 treatment 
synergistically inhibited NSCLC cell survival, colony formation, growth, and migration and simultaneously 
induced apoptosis. Additionally, we provide insights into the downstream targets and regulatory mechanisms of 
miR-150-3p in NSCLC to reveal its potential antitumour effects. These findings suggest that targeting miR-150-
3p and CGP57380 may have significant therapeutic implications for the treatment of NSCLC.

Materials and methods
Reagents
The primary antibodies against Mcl-1 (#94296), cleaved-PARP (#5625), Bcl-2 (#15071) and c-caspase 3 (#9664) 
(#8592) were purchased from Cell Signaling Technology (Beverly, MA, USA) and were used at a 1:1,000 dilution. 
E-cadherin used at a 1:2,000 dilution and α-tubulin used at a 1:5,000 dilution were procured from Proteintech 
(Wuhan, Hubei, P.R.C.). CGP57380 was obtained from Selleckchem (Houston, TX, USA).

Cell lines and cell culture
The human NSCLC cell lines A549 and H157 were acquired from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured in RPMI-1640 medium (Gibco, USA) supplemented with 10% 
foetal calf serum (Gibco, USA) in a humidified incubator at 37 °C with 5% CO2.

MiRNA microarray analysis
For the miRNA microarray analysis, cells were seeded in cell culture plates at a density of 1 × 105 cells per well in 
triplicate. The following day, they were treated with either vehicle or 25 µM CGP57380. After 24 h of treatment, 
total RNA was extracted using TRIzol reagent (Invitrogen), and the miRNA microarray analysis was performed 
as previously described22.

Quantitative RT‒PCR analysis
Total RNA preparation and RT‒PCR analysis were conducted as previously described22. The forward primer 
used was 5′-​C​T​G​G​T​A​C​A​G​G​C​C​T​G​G​G​G​G​A​C​A​G-3′ (miR-150-3p), along with a universal primer against the 
stem‒loop region 5′-​G​T​G​C​A​G​G​G​T​C​C​G​A​G​G​T-3′.

Western blot analysis
The procedures for the preparation of whole-cell protein lysates and western blot analysis followed established 
protocols22. To conserve time and antibody resources, and considering that the antibodies are frequently utilized 
in our laboratory, we have chosen to cut the Western blot membrane.

Colony formation and transwell migration assays
Colony formation assays were performed in 6-well plates, whereas Transwell migration assays were performed 
in 24-well plates containing inserts (Costar 3422; Corning Inc., Corning, NY, USA). Protocols for both colony 
formation and Transwell migration assays were conducted according to previously established methods22.

MiRNA mimic preparation and transfection
The synthetic miR-150-3p mimics and NC mimics (GenePharma, Shanghai, China) were resuspended in 
DEPC water at a concentration of 20 µM. The transfection protocols for the miRNA mimics were performed as 
previously described by our team22.

Cell proliferation and apoptosis assays
Cells were seeded in 96-well plates and treated with the experimental agents on the second day. After a specified 
treatment period, cell viability was assessed via a CCK8 assay according to previously described procedures22. To 
evaluate cell apoptosis, an Annexin V/FITC apoptosis detection kit (Beyotime Biotechnology, China) was used 
in accordance with the manufacturer’s instructions.

In situ hybridization and scores
The optimal staining conditions for the miR-150-3p probe were determined according to our laboratory’s prior 
experience. We utilized TMA technology to design and construct high-throughput NSCLC TMAs that adhered 
to previously described guidelines. In situ hybridization (ISH) and scoring were conducted via well-established 
methods reported in our previous publications22. The evaluation method was as follows: the staining intensity of 
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miR-150-3p was scored as 3 (strong), 2 (moderate), 1 (weak), or 0 (negative), while the staining percentage was 
scored as 4 (76-100%), 3 (51-75%), 2 (26-50%), 1 (1-25%), or 0 (0%). The total scores for miR-150-3p ranged 
from 0 to 12, with an optimal cut-off level of 2 determined by the log-rank test. Finally, we classified miR-150-3p 
expression into high expression and low expression categories.

Biological information analysis
To gain insight into the molecular mechanisms underlying our findings, we conducted Gene Ontology (GO) 
enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. These analyses 
were performed using the DAVID online tool (https://david.ncifcrf.gov/). We sought to not only understand 
the molecular pathways involved, but we also assessed tumour immune infiltration using the ESTIMATE23 and 
XCELL24 algorithms in R software. To evaluate the potential immunotherapy response, we utilized the Tumor 
Immune Dysfunction and Exclusion (TIDE)25 score as a biomarker. To predict the chemotherapy and targeted 
therapy drug responses for each sample, we employed the oncoPredict R package26. This comprehensive approach 
allowed us to better understand the biological and immunological context surrounding our research findings.

Statistical analysis
All statistical analyses were performed using SPSS version 19 (SPSS, Chicago, IL). The relationships between 
miR-150-3p expression and the clinicopathological features of patients with NSCLC were assessed using a chi-
square test. Kaplan–Meier analysis was performed to generate overall survival (OS) curves, and the log-rank test 
was used to determine statistical significance. A Cox proportional hazard regression model was used to assess 
whether miR-150-3p serves as an independent prognostic factor. Other statistically significant differences were 
determined via one-way analysis of variance (ANOVA). Two-sided statistical analyses were conducted, and a 
significance level of P < 0.05 indicated statistical significance.

Results
The Mnk inhibitor CGP57380 increases mir-150-3p expression in NSCLC
To gain a comprehensive understanding of the impact of the Mnk inhibitor CGP57380 on global microRNA 
expression, we performed experiments using the Agilent Human miRNA chip V21.0 (Agilent Technologies 
Inc.). Our analysis revealed that 55 miRNAs were upregulated, whereas 55 miRNAs were downregulated (fold 
change > 2.0 and P < 0.05) (Fig. 1A&B). Notably, among the miRNAs upregulated by CGP57380, miR-150-3p 
attracted our attention. Although the role of miR-150 has been confirmed in various tumours, its specific role 
in lung cancer remains to be further elucidated. Previous studies have focused mostly on miR-150-5p, but 
our miRNA chip results indicated that the expression of the passenger miRNA miR-150-3p was significantly 
increased by CGP57380 (FC > 2.0 and P < 0.05) (Fig. 1A&B). RT‒PCR analysis confirmed that CGP57380 could 
stimulate the expression of miR-150-3p in a concentration-dependent manner (Fig. 1C). Using data from the 
TCGA database, we confirmed that miR-150-3p was downregulated in NSCLC tissues compared with normal 
tissues (Fig. 1D). Importantly, our results demonstrated that NSCLC patients with high miR-150-3p expression 
levels experienced significantly longer overall survival than those with low levels (P = 0.042) (Fig.  1E). This 
intriguing discovery prompted additional investigation into the potential significance of miR-150-3p and further 
validation in NSCLC.

Associations between Mir-150-3p expression and the clinical features of NSCLC patients
To identify the role of miR-150-3p in NSCLC, our team constructed tissue microarrays (TMAs) consisting of 
NSCLC samples and noncancerous normal lung tissue27. The methods for constructing and scoring these TMAs 
containing both NSCLC and corresponding normal lung tissues are described in our previous publications27,28. 
We evaluated the expression and subcellular location of miR-150-3p in 90 noncancerous normal lung tissues 
and 272 NSCLC tissues using in situ hybridization (ISH). Standard evaluations of different paraffin-embedded 
tissues are shown in Fig.  2A. MiR-150-3p was expressed primarily in the cytoplasm (Fig.  2A). The positive 
expression rate of miR-150-3p in NSCLC tissues was lower than that in normal tissues (P = 0.035) (Fig. 2B).

We then examined the relationships between miR-150-3p expression and the clinical features of NSCLC 
patients, including overall survival (OS), lymph node metastasis, and tumour stage (Tables  1 and 2). The 
expression of miR-150-3p was significantly associated with prolonged overall survival (OS) (P = 0.005) (Fig. 2C). 
MiR-150-3p expression was also more prevalent in NSCLC patients without lymph node metastasis (P = 0.013) 
(Table  1). Additionally, our study revealed that patients with a lower pathological stage had a longer OS 
(P = 0.021) (Table 2) and that those with earlier clinical disease (stage I) exhibited superior OS compared with 
those with advanced disease (stages II and III) (P = 0.004) (Table 2). Patients without lymph node metastasis also 
exhibited longer OS (P = 0.014) (Table 2). Interestingly, using bioinformatics analysis, we discovered that high 
miR-150-3p expression was associated with improved OS in patients with cervical squamous cell carcinoma 
and endocervical adenocarcinoma (CESC), skin cutaneous melanoma (SKCM), and uterine corpus endometrial 
carcinoma (UCEC) (P = 0.004274, P = 0.01648, P = 0.0128) (Supplementary Fig. 1A-C). These findings reinforce 
the robustness of our TMA data and emphasize the potential of miR-150-3p as a valuable independent prognostic 
indicator. Our ongoing research aims to elucidate how miR-150-3p impacts NSCLC and to explore new avenues 
for the treatment of this disease.

Effects of ectopic expression of mir-150-3p and CGP57380 in an NSCLC cell line
Initially, we found that miR-150-3p was underexpressed in NSCLC cell lines, including A549, H157 and SPC-A1, 
compared with the nontumorigenic human bronchial epithelial (HBE) cell line (Supplementary Fig. 1D). We 
then focused on the H157 and A549 cell lines. The transfection efficiency of the miR-150-3p mimics in the H157 
and A549 cell lines is displayed in Supplementary Fig. 1E.
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Fig. 1.  Cluster heatmap of miRNA profiles in the CGP57380 and control treatment groups based on 
the results of the miRNA microarray analysis (FC > 2.0 and P < 0.05). A & B. Cluster heatmap of miRNA 
expression differences between the CGP57380 and control treatment groups. C. The expression of miR-150-
3p was measured by qRT‒PCR in A549 and H157 cells treated with different concentrations of CGP57380. 
D. Differential expression of miR-150-3p was observed in NSCLC and noncancerous tissues in the TCGA 
database. E. High expression of miR-150-3p was associated with better overall survival of NSCLC patients in 
the TCGA database (P = 0.042). (∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001).
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Compared with that of control cells, the proliferation of A549 and H157 cells was inhibited by transfection 
with miR-150-3p (Fig. 3A). Colony formation and migration activities were also significantly suppressed after 
transfection with miR-150-3p (Fig. 3B-C).

The synergistic effects of the ectopic expression of miR-150-3p and CGP57380 were investigated using 
proliferation and migration assays after combination treatment of A549 and H157 cell lines with miR-150-3p 
and CGP57380. Compared with individual treatment, combined treatment consisting of ectopic miR-150-3p 
expression and CGP57380 resulted in greater reductions in cancer cell proliferation and colony formation 
(Fig. 3A-C). Apparent synergistic effects were also observed following both ectopic miR-150-3p expression and 
CGP57380 treatment. Therefore, we next discuss the possible mechanisms of the combination treatment.

Cotreatment with mir-150-3p and CGP57380 induces apoptosis in NSCLC
We next assessed whether the combination of a miR-150-3p mimic and CGP57380 effectively decreased 
the survival of NSCLC cell lines by inducing apoptosis. As evaluated by Annexin V/PI flow cytometry, the 
combination of miR-150-3p and CGP57380 significantly induced cell apoptosis compared with each agent alone 
(Fig. 4A-B). Western blot assays confirmed these results. The protein expression levels of cleaved-PARP, cleaved-

Fig. 2.  MiR-150-3p expression in NSCLC. A. Representative in situ hybridization (ISH) staining of miR-150-
3p in lung adenocarcinoma (ADC, squamous cell carcinoma (SCC), and noncancerous lung tissue using a 
specific probe. DAB staining shows that positive expression of miR-150-3p was predominantly localized in the 
cytoplasm. The magnification was 40 × and 100 ×. B. MiR-150-3p expression in NSCLC and normal tissues 
was measured via qRT‒PCR. C. The expression of miR-150-3p was significantly associated with longer overall 
survival (OS) (P = 0.005).
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Parameters

Univariate analysis Multivariate analysis

Average survival time (SE) 95% CI P Exp (B) 95.0% CI P

miR-150-3p

Negative expression 38.603 (3.609) (31.529, 45.676) 0.005* 1.593 (1.055, 2.404) 0.027*

Positive expression 59.946 (3.645) (52.802, 67.090)

Clinical stage

Stage I 72.261 (4.657) (63.133, 81.389) 0.000* 0.525 (0.339, 0.813) 0.004*

Stage II and III 40.948 (2.910) (35.244, 46.651)

LNM status

LNM 42.424 (2.670) (37.192, 47.657) 0.000* 1.729 (1.118, 2.674) 0.014*

No LNM 67.865 (4.658) (58.734, 76.996)

Pathological grade

Well and moderate 59.518 (3.826) (52.020, 67.016) 0.002* 0.630 (0.425, 0.932) 0.021*

Poor 49.706 (4.082) (41.706, 57.707)

Histological type

LUAD 50.408 (3.347) (43.848, 56.968) 0.827 1.306 (0.871, 1.959) 0.196

LUSC 60.406 (4.674) (51.245, 69.567)

Gender

Female 58.966 (4.787) (49.583, 68.349) 0.105 0.696 (0.431, 1.123) 0.137

Male 52.870 (3.725) (45.569, 60.171)

Age

< 60 58.219 (3.998) (50.383, 66.055) 0.077 0.763 (0.520, 1.119) 0.167

≥ 60 47.613 (4.287) (39.211, 56.015)

Table 2.  Univariate and multivariate analyses for OS in NSCLC patients. Abbreviations: OS: overall survival; 
CI: confidence interval; SE: standard error; Exp(β): odds ratio; LUAD: lung adenocarcinoma; LNM: lymph 
node metastasis; LUSC: lung squamous cell carcinoma; *: p < 0.05.

 

Variables

miR-150-3p expression

Negative (%) Positive (%) p

Age (years)

<60 (n = 175) 51 (29.1%) 124 (70.9%) 0.180

≥60 (n = 97) 21 (21.6%) 76 (78.4%)

Gender

Female (n = 69) 15 (21.7%) 54 (78.3%) 0.302

Male (n = 203) 57 (28.1%) 146 (71.9%)

Histological type

LUAD (n = 139) 34 (24.5%) 105 (75.5%) 0.442

LUSC (n = 133) 38 (28.6%) 95 (71.4%)

Pathological grade

Well/moderate 
(n = 128) 38 (29.7%) 90 (70.3%) 0.257

Poor (n = 144) 34 (23.6%) 110 (76.4%)

Clinical stage

Stage I (n = 131) 32 (24.4%) 99 (75.6%) 0.462

Stage II and III 
(n = 141) 40 (28.4%) 101 (71.6%)

LNM status

LNM (n = 155) 50 (32.3%) 105 (67.7%) 0.013 *

No LNM (n = 117) 22 (18.8%) 95 (81.2%)

Table 1.  Associations between Mir-150-3p expression and clinicopathological features in patients with NSCLC 
(n = 272). Abbreviations: LUAD: lung adenocarcinoma; LNM: lymph node metastasis; LUSC: lung squamous 
cell carcinoma; *: p < 0.05.
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Fig. 3.  MiR-150-3p regulates cell proliferation, colony formation and migration of NSCLC cells. A. Cell 
proliferation was evaluated by CCK-8 assay in A549 and H157 cells treated with miR-150-3p mimics, 
CGP57380, or both. B. Colony formation assays were performed to evaluate the effects of miR-150-3p mimics, 
CGP57380, or both on A549 and H157 cells. C. Transwell migration assays were performed to evaluate the 
effects of miR-150-3p mimics, CGP57380, or both on A549 and H157 cell migration. (*P < 0.05, ** P < 0.01, and 
*** P < 0.001).
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Caspase-3 and Bcl-2 were significantly decreased by the combination treatment (Fig. 4C). The reduction in Bcl-2 
expression, along with the simultaneous increase in Mcl-1 expression, indicated a compensatory mechanism 
aimed at counterbalancing the deficiency in antiapoptotic signalling caused by Bcl-2 downregulation. 
Furthermore, we observed increased protein expression of E-cadherin (Fig.  4C), which provides additional 
evidence of antitumour effects in the combination treatment group. Collectively, these findings underscore the 
potential of combining miR-150-3p overexpression with CGP57380 as a promising strategy to induce apoptosis 
in NSCLC cells. This therapeutic approach has significant implications for future investigations and holds 
promise for the development of novel treatment modalities for NSCLC patients.

Identification of putative target genes regulated by miR-150-3p
To delve deeper into the mechanisms underlying our findings, we used three databases (miRDB, TargetScan, and 
miRWalk) to predict potential downstream target genes of miR-150-3p. This analysis revealed 347 common target 
genes (Fig. 5), which were subsequently subjected to KEGG and GO (biological process, molecular function, 
and cellular component) enrichment analyses using the DAVID online tool to identify potential pathways 
and biological functions that may be involved (Fig. 5B-C). Our results revealed that the predicted target genes 
were enriched in pathways associated with cancer, AMPK signalling, ErbB signalling, PI3K-Akt signalling, and 
several other pathways (Fig. 5C). Additionally, GO enrichment analysis was conducted, the results of which 
are summarized in Fig. 5B. Through a combination of literature review and qPCR validation, we identified six 
potential target genes (DAZAP2, FBXL5, PTGFRN, RUNX1, ACACA and ADAM12) from the pool of 347 
common genes (Fig. 5D). These findings provide valuable insights into the potential mechanisms that underlie 
the differences in immune cell composition and treatment response observed in NSCLC patients with high miR-

Fig. 4.  Combination treatment consisting of miR-150-3p and CGP57380 regulates cell apoptosis in NSCLC 
cells. A & B. Apoptosis was detected via Annexin V/flow cytometry in A549 cells treated with miR-150-3p 
mimics, CGP57380, or both. C. Western blot analysis of protein expression levels in A549 cells treated with 
miR-150-3p mimics, CGP57380, or both (* P < 0.05, ** P < 0.01, and *** P < 0.001).
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Fig. 5.  Identification and functional analysis of miR-150-3p target genes. A. Venn diagram depicting the 
overlap of the miRDB, miRWalk, and TargetScan databases, resulting in a total of 347 consensus genes. B & C. 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses 
of the consensus genes were performed using the DAVID online tool. D. qPCR analysis of six putative target 
genes (DAZAP2, FBXL5, PTGFRN, RUNX1, ACACA, and ADAM12) in NSCLC cells treated with miR-150-3p 
mimics. The mRNA expression levels of all six genes were significantly lower (P < 0.01 or P < 0.001) in treated 
cells than in control cells (** P < 0.01 and *** P < 0.001).
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150-3p expression. Future studies may involve further exploration of the roles of these target genes and pathways 
in NSCLC, which could lead to the development of innovative therapeutic strategies.

The relationship between mir-150-3p and the immune microenvironment and its ability to 
predict treatment efficacy
In our study, we observed 11 different immune cell types within the tumour immune microenvironment as well as 
a significant disparity in the composition of these cells between the NSCLC patient group with high miR-150-3p 
expression and the group with low miR-150-3p expression (Supplementary Fig. 2A). Specifically, the expression 
of B-cell, CD4 + T-cell, naive CD4 + T-cell, class-switched memory B-cell, dendritic cell (DC), multipotent 
progenitor (MPP), macrophage, preadipocyte, activated dendritic cell (aDC), and plasmacytoid dendritic cell 
(pDC) markers was elevated in the group with high miR-150-3p expression. Furthermore, we established a 
significant positive correlation between miR-150-3p expression and the immune score (Supplementary Fig. 2B). 
These findings suggest that NSCLC patients with high expression of miR-150-3p may be more responsive to 
immunotherapy, as evidenced by their lower TIDE scores (Supplementary Fig. 2C). Additionally, we observed that 
NSCLC patients with high miR-150-3p expression exhibited favourable responses to cisplatin and gemcitabine, 
whereas no significant difference was noted in the response to osimertinib (Supplementary Fig.  2D). These 
results offer valuable insights into the development of immunotherapeutic strategies for NSCLC patients.

Discussion and conclusion
Our study aimed to elucidate the role of miR-150-3p in NSCLC. MicroRNAs have been well defined as critical 
regulators of tumour development and progression in NSCLC. Mir-150-3p has previously been characterized as 
a potent tumour suppressor in breast cancer, colorectal cancer and hepatocellular carcinoma12–14. Furthermore, 
this miRNA can regulate the production and functionality of a diverse array of immune cell types, including T 
cells, B cells, natural killer cells, and dendritic cells, in liver hepatocellular carcinoma29. In our study, we revealed 
that ectopic expression of miR-150-3p inhibited NSCLC cell proliferation, colony formation and migration. 
Moreover, combination treatment consisting of CGP57380 and miR-150-3p exerted synergistic antitumour 
effects through the induction of cell apoptosis.

Initially, using a miRNA microarray, we demonstrated that the Mnk inhibitor CGP57380 can increase the 
expression of several miRNAs, including miR-150-3p. We subsequently performed RT-PCR to confirm that 
miR-150-3p expression was increased by CGP57380 and compared a panel of NSCLC cell lines and the normal 
lung epithelial cell line HBE with respect to decreased mRNA levels of miR-150-3p. In 90 noncancerous normal 
lung tissues and 272 NSCLC tissues, positive miR-150-3p expression by ISH was associated with better OS and 
served as an independent prognostic predictor. The results of the TCGA data analysis were similar. Furthermore, 
the pancancer analysis conducted in this study indicated that miR-150-3p may serve as a superior prognostic 
predictor in CESC, SKCM and UCEC. These compelling findings underscore the potential of miR-150-3p as a 
robust prognostic biomarker for NSCLC and emphasize its clinical significance.

Importantly, combination treatment involving the ectopic expression of miR-150-3p and CGP57380 resulted 
in significant synergistic effects on the inhibition of cell proliferation, colony formation and migration of 
NSCLC cells. This combination treatment was demonstrated to induce apoptosis of NSCLC cells, which may 
be the mechanism by which this treatment exerts its antitumour effects. These results emphasize the potential 
of targeting the Mnk pathway as a viable therapeutic strategy to restore miR-150-3p levels and enhance its 
antitumour effects in NSCLC.

To elucidate the molecular mechanisms underlying these phenotypic changes, we conducted a comprehensive 
analysis of potential miR-150-3p target genes. Through the integration of multiple prediction algorithms and 
experimental validation, we successfully identified six putative target genes that were significantly downregulated 
upon miR-150-3p overexpression: DAZAP2, FBXL5, PTGFRN, RUNX1, ACACA and ADAM12. Each of these 
genes has been implicated in various aspects of cancer biology. DAZAP2 is associated with multiple myeloma 
(MM) carcinogenesis30. FBXL5 has been shown to participate in the progression of several cancer types, including 
pancreatic ductal adenocarcinoma, colon adenocarcinoma, and lung cancer31–33, which emphasizes its impact 
on tumorigenesis. Prostaglandin F2 receptor inhibitor (PTGFRN) has demonstrated oncogenic properties in 
glioblastoma34. RUNX1 has been linked to somatic mutations in solid tumours, including breast, oesophageal, 
endometrial, and ovarian cancers, which highlights its diverse roles in cancer35. Acetyl-CoA carboxylase alpha 
(ACACA) has been associated with hepatocellular carcinoma (HCC) and colorectal tumours36,37. ADAM12 
has been identified as a potential prognostic factor in rectal cancer patients following radiotherapy38. These 
target genes play crucial roles in the regulation of tumour cell cycle progression, apoptosis, and invasion, as 
they collectively influence the malignant behaviour of cancer cells. Notably, functional enrichment analysis 
revealed that the PI3K-AKT and AMPK pathways were enriched in the downregulated genes. These pathways 
are intimately linked to cancer progression and metastasis, which provides further evidence of the tumour-
suppressive role of miR-150-3p in NSCLC. This multifaceted insight into the molecular mechanisms underlying 
the effects of miR-150-3p contributes to our understanding of its potential as a therapeutic target in NSCLC. 
Furthermore, we investigated immune cell infiltration and predicted differences in drug response between 
the high- and low-miR-150-3p expression groups in the TCGA-NSCLC cohort. The immune infiltration, 
immune score and drug response of the two groups were significantly different. These findings suggest that 
NSCLC patients with high expression of miR-150-3p may be more responsive to immunotherapy, cisplatin and 
gemcitabine, while no significant difference was noted in the response to osimertinib.

In summary, our study of miR-150-3p in NSCLC has revealed its substantial potential as both a therapeutic 
target and a predictive biomarker. Through a series of experimental investigations, we demonstrated that the 
restoration of miR-150-3p expression, combined with CGP57380, exerts a remarkable antitumour effect on 
NSCLC cell proliferation, colony formation and migration by inducing apoptosis. Our exploration of target 
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genes and pathways regulated by miR-150-3p has provided insights into its tumour-suppressive mechanisms. 
Moreover, our clinical analysis firmly established the clinical relevance of miR-150-3p, as low expression levels 
were shown to be associated with advanced tumour stage, lymph node metastasis, and poor overall survival 
in NSCLC patients. Additionally, we altered miR-150-3p expression and assessed its effects on the tumour 
microenvironment and treatment response.

In conclusion, this study lays the groundwork for future research endeavours aimed at harnessing the 
therapeutic potential of miR-150-3p-based strategies combined with CGP57380.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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