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Lung cancer remains a significant global health challenge, with advanced stages often limiting surgical 
options and necessitating systemic therapies, such as radiotherapy. Resistance to radiotherapy 
frequently undermines the treatment efficacy. This study explored the role of miR-7-5p in modulating 
the expression and radiosensitivity of plakophilin-2 (PKP2) in non-small cell lung cancer (NSCLC). 
Using clonogenic assays, CCK-8 assays, immunofluorescence staining, western blotting, and reporter 
gene assays, we assessed the effects of miR-7-5p overexpression and inhibition on A549 NSCLC 
cells. The results show that miR-7-5p overexpression enhanced radiosensitivity by increasing DNA 
damage (evidenced by higher γ-H2AX foci) and inhibiting non-homologous end joining (NHEJ) repair. 
Bioinformatic and experimental validation identified PKP2 as a direct target of miR-7-5p. PKP2 
overexpression mitigated the radiosensitizing effects of miR-7-5p, confirming the miR-7-5p/PKP2 axis’s 
role in regulating radiosensitivity. This study highlights the potential of targeting the miR-7-5p/PKP2 
pathway to overcome radiotherapy resistance in NSCLC and offers a promising therapeutic approach 
to enhance treatment outcomes.
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Lung cancer is a significant and persistent threat to human health. In 2018, the estimated number of lung cancer-
related deaths was 1,761,000, accounting for 18.4% of all cancer-related deaths. Additionally, in 2020, 229,000 
new cases of lung cancer were diagnosed in the United States, representing 12.7% of all cancer diagnoses1. 
Non-small cell lung cancer (NSCLC) is the most common histological type of lung cancer, accounting for more 
than 80% of all lung cancer cases. Unfortunately, many patients are diagnosed with lung cancer at an advanced 
stage and thus lose the opportunity for surgical intervention. Consequently, systemic therapy has become the 
primary treatment for patients with advanced NSCLC. Radiotherapy, a key component of systemic therapy, 
often alleviates symptoms and mitigates tumor emergencies2. Radiotherapy is the gold-standard treatment for 
patients with stage III lung cancer. However, tumors are prone to developing resistance to radiotherapy during 
the treatment process, resulting in unsatisfactory treatment outcomes for many patients3.

Plakophilin-2 (PKP2) belongs to the plakophilin family and is a member of the Armadillo-like protein 
subfamily4. The literature reports that PKP2 plays an important role in the development of malignant tumors, 
including ovarian cancer and colon cancer5,6. Recent studies have shown that PKP2 is highly expressed in 
lung cancer tissues and promotes the occurrence and development of lung cancer7,8. In a previous study, we 
demonstrated the involvement of PKP2 in lung carcinogenesis and progression and found that PKP2 confers 
resistance to radiation therapy by promoting LIG4-dependent non-homologous end joining (NHEJ), a process 
associated with DNA damage repair9. Thus, the inhibition of PKP2 expression reduces radiotherapy resistance 
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in patients. Many microRNAs (miRNAs) have been reported to be involved in the regulation of radiotherapy 
resistance in tumors10. miRNAs are non-coding RNAs (∼20–24 nucleotides) derived from longer stem-loop 
structures that function by binding to and inhibiting mRNAs11. Among the biomarkers valuable for assessing 
the effectiveness of radiotherapy in lung cancer, miRNAs appear to be the most appropriate12. For example, 
miRNA-218-5p increases the sensitivity of lung cancer cells to radiotherapy by inhibiting the activity of the anti-
protein kinase, DNA-activated, catalytic polypeptide (PRKDC)13. Wei et al. found that miR-219a-5p enhances 
the sensitivity of non-small cell lung cancer cells to radiotherapy by targeting CD16414.

Defining the miRNAs that regulate PKP2 expression may enhance our understanding of the pathogenesis 
of radiotherapy resistance in lung cancer and provide new therapeutic approaches for these patients. This study 
aimed to investigate whether miR-7-5p can regulate PKP2 expression through 3′UTR binding and to explore the 
mechanism underlying miR-7-5p’s regulation of radiosensitivity in non-small cell lung cancer.

Materials and methods
Cell line
The A549 cell line was obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). 
Authentication was performed using short tandem repeat (STR) profiling, and the cells were tested for 
mycoplasma contamination. The cells were cultured for less than two months in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum 
(FBS; Gibco, Thermo Fisher Scientific, Inc.) and maintained at 37 °C in a humidified incubator with 5% CO2.

Antibodies, plasmid, and MiRNA
Human anti-PKP2 (HPA014314) was purchased from Sigma-Aldrich (St. Louis, MO, USA), and phospho-
γH2AX (cat. no. 9718 S) was obtained from Cell Signaling Technology (Danvers, MA, USA). The miR-7-5p 
mimic, inhibitor, and negative control (NC) inhibitor were synthesized by RiboBio Co., Ltd. (Guangzhou, 
China). Transfection was performed using Lipofectamine RNAiMAX (Thermo Fisher Scientific, Waltham, MA, 
USA). The complete coding sequence (CDS) of human PKP2 was cloned into the pSin-puro vector, and the 
recombinant plasmid was verified by DNA sequencing (Ruiboxingke Biotech Co., Ltd., Beijing, China).

Irradiation treatment
Cells were irradiated using a Varian Trilogy linear accelerator (Varian Medical Systems, Palo Alto, CA, USA) at 
doses ranging from 0 to 6 Gy at a dose rate of 250 MU/min.

Luciferase assay
The wild-type (WT) PKP2 3′UTR sequence contained the predicted miR-7-5p binding site (5′-​A​G​U​C​U​U​C​C-
3′, position 161–168). A mutant (MUT) version of PKP2 3′UTR was generated by site-directed mutagenesis, in 
which the seed sequence was altered (5′-​A​G​U​C​U​U​C​C-3′ → 5′-​U​C​A​U​G​A​G​G-3′), disrupting complementarity 
with miR-7-5p. HEK293 cells were co-transfected with 100 nM miR-7-5p inhibitor, miR-7-5p mimic, or miR-
NC, along with the pGL3 reporter vector containing the PKP2 3′UTR (wild-type or mutant miR-7-5p binding 
site) and the control Renilla luciferase pRL-TK vector in 24-well plates. Firefly luciferase activity was measured 
24 h post-transfection using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA). Firefly 
luciferase activity was normalized to Renilla luciferase for relative reporter activity. Each experiment was 
performed in three independent trials, with each trial conducted in triplicate to ensure statistical robustness and 
reproducibility.

Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from A549 cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. RNA concentration and purity were determined using a NanoDrop 
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). cDNA was synthesized from 1 µg of total 
RNA using the PrimeScript RT reagent Kit (Takara, Dalian, China). qRT-PCR was performed using SYBR Green 
Master Mix (Roche, Basel, Switzerland) on a LightCycler 480 II system (Roche). The relative expression levels 
of PKP2 mRNA were normalized to GAPDH and calculated using the 2 − ΔΔCt method. Primer sequences for 
PKP2 were as follows: forward, 5′-​A​G​G​A​C​C​T​G​G​A​G​G​T​G​C​T​G​A​A​T-3′; reverse, 5′-​T​G​G​T​G​G​T​G​G​T​G​G​T​G​G​
T​G​G​T​A-3′. Primer sequences for GAPDH were as follows: forward, 5′-​G​G​A​G​C​G​A​G​A​T​C​C​C​T​C​C​A​A​A​A​T-3′; 
reverse, 5′-​G​G​C​T​G​T​T​G​T​C​A​T​A​C​T​T​C​T​C​A​T​G​G-3′.

Cell viability assays
Cells were seeded into 96-well plates at a density of 5000 cells per well and either subjected to irradiation treatment 
or left untreated. After treatment, 10 µL of CCK-8 reagent was added to each well, followed by incubation 
for 1.5 h. Optical density was measured at 450 nm using an EnSpire Multimode Plate Reader (PerkinElmer, 
Waltham, MA, USA).

Clonogenic survival assay
Cells were seeded into six-well plates at a density of 5 × 103 cells per well and irradiated with the specified doses. 
Each experimental group consisted of three replicates. After 15 days of incubation at 37 °C, cells were washed 
with PBS, fixed in methanol for 15 min, and stained with 0.1% crystal violet for 60 min. Colonies containing at 
least 50 cells were counted under a light microscope.
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NHEJ reporter assays
A total of 1 × 106 EJ5-GFP cells were electroporated with 12 µg of the I-SceI plasmid and the designated plasmids 
using a Bio-Rad GenePulser Xcell™ (Bio-Rad Laboratories, Hercules, CA, USA) at 250  V and 950 µF. GFP 
expression was measured 48 h post-transfection using flow cytometry to assess the efficiency of NHEJ.

Western blotting
Cells were lysed in RIPA buffer (150 mM NaCl, 0.5% EDTA, 50 mM Tris, and 0.5% NP-40) on ice for 30 min and 
centrifuged at 12,000 rpm for 20 min at 4 °C. The supernatant was collected, and protein concentrations were 
quantified using a BCA assay (Thermo Fisher Scientific, Waltham, MA, USA). Proteins were separated via 10% 
SDS-PAGE, transferred onto PVDF membranes (Millipore, Billerica, MA, USA), and blocked with 5% non-fat 
milk for 1 h. Membranes were incubated with primary antibodies, followed by peroxidase-conjugated secondary 
antibodies, and detected using an ECL chemiluminescence system (Beyotime, Shanghai, China). The bands were 
visualized using radiographic film (Carestream Health, Inc., Rochester, NY, USA).

Immunofluorescence staining
Cells were cultured in glass-bottom dishes (NEST, China), fixed with 4% paraformaldehyde (Thermo Fisher 
Scientific, Waltham, MA, USA) for 15 min at room temperature, and permeabilized with 0.5% Triton X-100 
(Sigma-Aldrich, St. Louis, MO, USA). Cells were incubated with primary antibodies against phospho-γH2AX 
(1:250 dilution, Cell Signaling Technology, Danvers, MA, USA) and secondary fluorescence-conjugated 
antibodies, followed by staining with Hoechst 33,342 (Thermo Fisher Scientific). Fluorescence images were 
captured using an Olympus IX81 microscope (Olympus Corporation, Tokyo, Japan), and double-strand break 
(DSB) foci were quantified using AxioVision software (Carl Zeiss, Oberkochen, Germany).

Statistical analysis
All experiments were performed in triplicate. Data are presented as the mean ± standard deviation (SD) or 
mean ± standard error of the mean (SEM). Statistical significance between groups was determined using a two-
tailed Student’s t-test in SPSS version 18.0 (IBM Analytics, USA). A p-value < 0.05 was considered statistically 
significant.

Software and tools
Target gene prediction was performed using TargetScan 8.0 (http://www.targetscan.org/), miRBase ​(​​​h​t​t​p​s​:​/​/​w​
w​w​.​m​i​r​b​a​s​e​.​o​r​g​/​​​​​)​, and miRDB (http://mirdb.org/). Statistical analysis and data visualization were conducted 
using GraphPad Prism (v9.5.1, https://www.graphpad.com/) and SPSS (v18.0, ​h​t​t​p​s​:​/​/​w​w​w​.​i​b​m​.​c​o​m​/​p​r​o​d​u​c​t​s​/​s​
p​s​s​-​s​t​a​t​i​s​t​i​c​s​​​​​)​. γH2AX foci quantification was performed using ImageJ (Fiji, v1.53t, ​h​t​t​p​s​:​/​/​i​m​a​g​e​j​.​n​e​t​/​s​o​f​t​w​a​r​e​/​
f​i​j​i​/​​​​​)​, and flow cytometry data were analyzed with FlowJo (v10.8.1, https://www.flowjo.com/).

Results
Result 1: miR-7-5p promotes sensitization of A549 cells to radiotherapy
To investigate the role of miR-7-5p in the radiosensitization of A549 lung cancer cells, A549 cells were treated 
with different doses of RT. Clone formation was significantly reduced in miR-7-5p overexpressing A549 cells and 
increased in the miR-7-5p knockdown group compared with that in the control group (Fig. 1A). The surviving 
fraction of miR-7-5p overexpressing A549 cells was significantly reduced following irradiation. Conversely, 
the viability of the miR-7-5p knockdown group increased (Fig. 1B). The CCK-8 assay (Fig. 1C) demonstrated 
decreased viability of miR-7-5p overexpressing cells and increased viability of the miR-7-5p knockdown group 
after irradiation compared to control cells (Fig.  1D). These findings suggested that miR-7-5p enhances the 
sensitivity of NSCLC cells to radiation.

Result 2: miR-7-5p enhances radiotherapy sensitivity by inhibiting NHEJ repair of DNA
Ionizing radiation induces cellular damage, particularly DNA damage. H2AX, known as H2A histone family 
member X (H2A), is a variant of chromosomal histone H2A. The level of γ-H2AX, produced by phosphorylation 
of H2AX, clearly reflects the degree of DNA damage and repair15. Immunofluorescence staining revealed that 
overexpression of miR-7-5p in A549 cells significantly increased the number of γ-H2AX foci following ionizing 
radiation (IR) (Fig.  2A,B), while inhibition of miR-7-5p significantly reduced the number of γ-H2AX foci 
(Fig. 2C,D). Additionally, the protein blotting results showed that γ-H2AX protein levels were elevated after the 
overexpression of miR-7-5p (Fig. 2E) and decreased after its inhibition (Fig. 2F). These results suggested that 
miR-7-5p may regulate DNA damage repair in lung cancer cells. NHEJ is a major pathway for DNA damage 
repair, in which the ends are joined without extensive homology. Recent studies have shown that miRNAs can 
control tumor radiosensitivity by affecting the DNA damage repair pathways16. We investigated the effect of 
miR-7-5p on radioresistance in lung cancer cells by evaluating its effect on NHEJ-mediated double-strand 
break (DSB) repair. Overexpression of miR-7-5p decreased the frequency of NHEJ-mediated repair in lung 
cancer cells (Fig. 2G), whereas miR-7-5p inhibition increased DSB repair (Fig. 2H). We used an EJ5-GFP-based 
chromosomal reporter gene to measure NHEJ (Fig. 2I).

Result 3: miR-7-5p directly targets PKP2 to suppress radioresistance in NSCLC
PKP2 is highly expressed in lung cancer tissues, and its elevated expression is associated with reduced survival. 
To further investigate the role of PKP2 in lung cancer, we analyzed its expression and clinical relevance using 
three tumor databases: GEPIA, UALCAN, and Kaplan–Meier Plotter. The results indicated that PKP2 expression 
was significantly higher in NSCLC tumor tissues than in normal lung tissues. Furthermore, patients with high 
PKP2 expression had lower survival rates, with a significant reduction in survival among those who underwent 
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Fig. 1.  miR-7-5p promotes A549 cell sensitization to radiotherapy. (A) Representative images showing clone 
formation in A549 cells after exposure to 0, 2, 4, and 6 Gy IR. (B) Clone formation survival of A549 cells after 
exposure to 0, 2, 4, and 6 Gy IR. Data are shown as mean ± SD from a 2-way ANOVA. (C,D) A549 cells were 
treated with 0–6 Gy of γ-irradiation for 1 to 5 days, and cell viability was measured daily using the CCK8 
assay (relative percentage change compared to control). Data are shown as mean ± SD from a 2-way ANOVA, 
*P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 2.  miR-7-5p enhances radiotherapy sensitivity by inhibiting non-homologous end joining (NHEJ) 
repair of DNA. (A,C) A549 cells were collected for IF staining of γ-H2AX after 0 and 6 Gy IR exposure. 
Overexpression of miR-7-5p increased the number of γ-H2AX foci, while inhibition of miR-7-5p decreased 
γ-H2AX foci. Cell nuclei were stained with Hoechst33342 (blue) and γ-H2AX foci were stained green. Scale 
bar = 20 μm. (B,D) Quantitative analysis of DNA damage foci. Data are shown as mean ± SD from a Student’s 
t-test, *P < 0.05, **P < 0.01, ***P < 0.001. (E,F) γ-H2AX protein levels in A549 cells after 6 Gy IR as detected by 
immunoblotting. Actin was used as a loading control. Full-length blots are shown in Supplementary Fig. S1. 
(G–I) Cells were analyzed and quantified by flow cytometry after co-transfection of I-SceI and PKP2 or control 
vector plasmids using electroporation, followed by 72 h of culturing of EJ5-GFP cells. Overexpression of miR-
7-5p decreased NHEJ activity (G), while inhibition of miR-7-5p increased NHEJ activity (H). Chromosomal 
reporter gene pattern of J5-GFP (I). Data are shown as mean ± SEM from three independent experiments.
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radiotherapy (Fig.  3A). Consistent with these findings, our previous study demonstrated that PKP2 plays a 
critical role in radiotherapy resistance in lung cancer9.

To identify potential targets of miR-7-5p, we performed bioinformatics analysis using multiple databases, 
including TargetScan 8.0, miRbase, and miRDB. PKP2 was consistently identified as a target gene of miR-7-
5p across all databases, underscoring its potential biological relevance. The interaction between miR-7-5p and 
PKP2 was supported by strong miRNA-target binding affinity, as predicted by TargetScan.

The predicted consequential pairing of miR-7-5p with the target region of PKP2 is illustrated in Fig. 3B. The 
seed sequence of miR-7-5p (positions 2–8 at the 5′ end) is 3′-​C​A​G​A​A​G​G-5′, which aligns perfectly with the 
complementary sequence 5′-​G​U​C​U​U​C​C-3′ in the wild-type PKP2 3′UTR (positions 161–167). This region is 
critical for miRNA binding and is highlighted with a bracket. The binding site is classified as an 8mer, with a 
context score of − 0.27 (96th percentile), a weighted context score of − 0.27, and a conserved branch length of 
2.378. The PCT (probability of conserved targeting) is < 0.1, and the predicted relative KD (binding affinity) is 
− 5.445. These parameters indicate a strong and highly conserved interaction between miR-7-5p and PKP2, 
further supporting the biological relevance of this target.

To experimentally validate the interaction between miR-7-5p and PKP2, we performed a dual-luciferase 
reporter gene assay. The results showed that miR-7-5p significantly inhibited the luciferase activity of the PKP2 
wild-type (WT) 3′UTR construct, whereas no inhibition was observed for the PKP2 mutant (MUT) 3′UTR 
(Fig.  3C). To further confirm the interaction between miR-7-5p and PKP2, we examined the effect of miR-
7-5p on PKP2 protein expression in A549 cells. Western blot analysis revealed that overexpression of miR-
7-5p via transfection with an miR-7-5p mimic significantly reduced PKP2 expression levels compared to the 
control. Conversely, inhibition of miR-7-5p expression via transfection with an miR-7-5p inhibitor significantly 
increased PKP2 expression levels (Fig. 3D). To further investigate the mechanism by which miR-7-5p regulates 
PKP2, we examined the effect of miR-7-5p overexpression on the endogenous PKP2 mRNA transcript levels 
in A549 cells. qRT-PCR analysis revealed that overexpression of miR-7-5p significantly reduced the levels of 
endogenous PKP2 mRNA compared to the control (Fig.  3E). Conversely, inhibition of miR-7-5p expression 
via transfection with an miR-7-5p inhibitor significantly increased PKP2 mRNA levels (Fig. 3E). These results 
indicate that miR-7-5p regulates PKP2 through transcriptional degradation rather than translational repression 
alone. Collectively, these findings demonstrate that PKP2 is a direct and functionally relevant target of miR-7-5p.

Result 4: miR-7-5p/PKP2 axis regulates radiosensitivity via DNA damage and NHEJ repair
To investigate whether the miR-7-5p/PKP2 axis regulates NSCLC radiotherapy sensitivity, A549 cells were 
transfected with an miR-7-5p mimic followed by PKP2 overexpression and then subjected to 6 Gy radiotherapy. 
The miR-7-5p mimic reduced clone formation in A549 cells after radiotherapy, whereas PKP2 overexpression 
reversed this effect (Fig. 4A,B). PKP2 overexpression inhibited miR-7-5p mimic-induced apoptosis (Fig. 4C). 
Furthermore, immunofluorescence staining showed that exogenous elevation of PKP2 rendered miR-7-5p 
overexpressing cells resistant to IR and reduced γ-H2AX foci formation in vitro (Fig. 4D,E). PKP2 upregulation 
reversed, at least partly, the miR-7-5p-induced reduction in NHEJ activity (Fig. 4F,G). These results suggested 
that the miR-7-5p/PKP2 axis modulates the radiosensitivity of NSCLC cells.

Discussion
Lung cancer is a common malignant tumor, characterized by high morbidity and mortality rates. Clinically, it is 
managed with a combination of surgery, radiotherapy, and chemotherapy17. Radiotherapy is a crucial modality 
in the treatment of lung cancer. High-dose radiation can directly or indirectly kill cancer cells and inhibit their 
growth. Radiotherapy can enhance the effectiveness of surgery by reducing tumor size preoperatively or by 
eliminating residual cancer cells postoperatively. Despite advances in radiotherapy technology, some patients 
with lung cancer exhibit resistance to radiotherapy, leading to poor treatment outcomes and even disease 
progression18.

Therefore, understanding the mechanisms of radiotherapy resistance in lung cancer and developing strategies 
to overcome it are of great significance. Although the mechanisms of radioresistance in cancer cells remain 
unclear, they likely involve genetic and epigenetic abnormalities, including aberrant activation of oncogenes and 
growth factor signaling pathways, as well as disruptions in post-transcriptional gene regulation mechanisms19. 
Recent studies have elucidated the complex molecular mechanisms underlying this phenomenon and have 
identified miRNAs as emerging players in this intricate network.

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression post-transcriptionally. 
Extensive research supports the notion that miRNAs can mediate the radiosensitization of cancer cells by 
regulating target genes20,21. Among these, miR-7-5p, a significant miRNA, has garnered extensive attention from 
researchers in recent years. It plays a crucial regulatory role in various cellular processes. Studies have shown 
that miR-7-5p expression is often altered in various cancers, suggesting that it plays a significant role in cancer 
development and progression22,23. In addition, The role of miR-7-5p in lung cancer has also been confirmed, as 
studies have shown that propofol suppresses tumorigenesis by modulating the circ-ERBB2/miR-7-5p/FOXM1 
axis24, while circATXN7 downregulation inhibits NSCLC growth by increasing miR-7-5p availability25, both 
highlighting its tumor-suppressive function. Several studies have reported the involvement of miR-7-5p in cancer 
chemotherapy resistance26. Ma et al. demonstrated that miR-7-5p inhibits cisplatin resistance in lung cancer27. 
Yang et al. found that the overexpression of miR-7 could reverse CDR1 silencing, enhancing the susceptibility 
of breast cancer cells to drug resistance28. In this study, we demonstrated that miR-7-5p enhances the sensitivity 
of lung cancer cells to radiotherapy. We found that the up-regulation of miR-7-5p significantly increased the 
radiosensitivity of NSCLC cells, whereas its down-regulation significantly decreased it. These results suggest 
that miR-7-5p plays a role in promoting radiosensitivity in NSCLC, in addition to its previously reported tumor-
suppressive effects.
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Fig. 3.  miR-7-5p directly targets PKP2 to suppress radioresistance in NSCLC. (A) PKP2 is highly expressed 
in lung cancer tissues, and patients with high PKP2 expression have lower survival rates, with or without 
radiotherapy. (B) Bioinformatic prediction of the binding sites between PKP2 and miR-7-5p. (C) Luciferase 
reporter gene assay showing that PKP2 is a target of miR-7-5p. Data are shown as mean ± SEM from three 
independent trials, each done in triplicate. (D) PKP2 expression in A549 cells was detected by overexpression 
and inhibition of miR-7-5p. Full-length blots are shown in Supplementary Figure S2 *P < 0.05, **P < 0.01, 
***P < 0.001. (E) qRT-PCR analysis showing the effect of miR-7-5p overexpression and inhibition on 
endogenous PKP2 mRNA levels in A549 cells. GAPDH was used as an internal control. Data are shown as 
mean ± SEM from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 4.  miR-7-5p/PKP2 axis regulates radiosensitivity via DNA damage and NHEJ repair. (A,B) Clonal 
survival of A549 cells after 6 Gy IR. Data are shown as mean ± SD from a Student’s t-test. (C) Cell viability 
after 6 Gy IR. Data are shown as mean ± SEM from three independent experiments. (D,E) IF staining of H2AX 
foci in the indicated cells after exposure to 6 Gy IR. Scale bar = 20 μm. Data are shown as mean ± SD from a 
Student’s t-test, *P < 0.05, **P < 0.01, ***P < 0.001. (F,G) Detection of NHEJ activity in EJ5-GFP cells. Cells were 
transfected with I-SceI and miR-NC, miR-7-5p mimic, or wild-type PKP2 plasmids by electroporation, then 
analyzed by flow cytometry (F) and quantified (G). Data are shown as mean ± SEM from three independent 
trials.
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DNA damage can lead to cell death. DSBs are the most harmful type of DNA damage, and, if not repaired, 
can cause chromosomal aberrations, genomic instability, or cell death29. Recent studies have suggested that 
miR-7-5p modulates the efficacy of tumor therapies by altering DNA damage repair. Lai et al. found that miR-
7-5p mediates PARP1 down-regulation, affecting DNA homologous recombination repair and adriamycin 
resistance in small-cell lung cancer30. Luo et al. reported that miR-7-5p overexpression inhibits the DNA repair 
abilities of PARP-1 and BRCA1, thereby inhibiting cell proliferation and promoting apoptosis31. Additionally, 
lncRNA ANRIL has been shown to promote homologous recombination (HR) repair by sponging miR-7-5p 
and upregulating PARP1 expression, further underscoring the complex regulatory network involving miR-7-
5p in DNA repair mechanisms32. The effectiveness of radiation therapy relies on three pillars: tumor-targeting 
accuracy, dose optimization, and combination therapy. The biological processes underlying the latter two 
pillars are DNA damage and repair, which are intrinsic factors in the response to radiation exposure33. A key 
component of DNA repair is histone H2AX, which is rapidly phosphorylated on serine residues at the carboxyl 
terminus to form γ-H2AX at nascent DSB34. In mammalian cells, DSBs that occur throughout the cell cycle are 
primarily repaired via the NHEJ pathway35. We used an EJ5-GFP-based chromosomal reporter gene to measure 
NHEJ activity and found that upregulation of miR-7-5p reduced NHEJ-mediated repair in lung cancer cells. 
Therefore, we suggest that miR-7-5p may contribute to tumor resistance to radiotherapy by regulating NHEJ 
repair of DNA damage.

To further investigate the mechanism underlying the effect of miR-7-5p on cellular radiation resistance, 
we predicted downstream target genes of miR-7-5p and identified PKP2 as a potential target. miR-7-5p binds 
to the 3′-UTR of PKP2 mRNA. Using dual-luciferase and western blot experiments, we confirmed that PKP2 
is a target of miR-7-5p. To clarify PKP2’s role in the miR-7-5p-mediated sensitization of lung cancer cells to 
radiotherapy, we overexpressed PKP2 in lung cancer cells transfected with the miR-7-5p mimic, followed by 
radiotherapy. Overexpression of PKP2 led to increased proliferation of A549 cells, and this increase in DSBs 
was reversed by miR-7-5p upregulation. miR-7-5p regulates the growth and apoptosis of A549 lung cancer cells 
after radiotherapy via PKP2. Additionally, PKP2 overexpression increases NHEJ repair in lung cancer cells after 
radiotherapy, suggesting that it promotes radioresistance by enhancing NHEJ repair. Our previous research 
demonstrated that PKP2 positively regulates LIG4 expression in a β-catenin-dependent manner and that PKP2 
enhances radiotherapy resistance by promoting LIG4-mediated NHEJ repair9. These findings indicate that PKP2 
plays a pivotal role in the DNA damage response (DDR), particularly in double-strand break (DSB) repair. Here, 
we primarily focused on demonstrating that miR-7-5p regulates radiosensitivity by targeting PKP2. 

While our study demonstrates that miR-7-5p enhances radiosensitivity in NSCLC by targeting PKP2 
and inhibiting NHEJ repair, it is important to note that the role of miR-7-5p in radiotherapy response can 
be context-dependent. For example, Tomita K et al. reported that miR-7-5p contributes to radioresistance in 
clinically relevant radioresistant cells by regulating intracellular Fe2 + content, which plays a critical role in 
radiation-induced cell death36. This finding contrasts with our results, where miR-7-5p overexpression enhanced 
radiosensitivity in NSCLC cells. The dual role of miR-7-5p in radiotherapy response highlights the complexity of 
miRNA-mediated regulation and underscores the importance of context-specific studies to fully understand the 
mechanisms underlying therapy resistance.

In this study, our results suggest that PKP2 is a novel target of miR-7-5p and that miR-7-5p increases the 
radiosensitivity of NSCLC by targeting PKP2. These results indicate that the miR-7-5p/PKP2 axis plays a key role 
in the radiosensitization of NSCLC cells. miRNA-targeting approaches may increase the sensitivity and efficacy 
of radiotherapy and potentially improve the prognosis of many cancer patients. However, further research is 
needed to improve cancer treatment and overcome radiation resistance and chemoresistance.

Data availability
Data is provided within the manuscript or supplementary information files.
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