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Long non-coding RNA (lncRNA) exhibits a crucial role in multiple human malignancies. The 
expression of lncRNA MIR155HG, reportedly, is aberrantly up-regulated in several types of tumors. 
In this research, we studied the role and mechanism of MIR155HG in the progression of cervical 
cancer (CC). We analyzed the expression pattern of MIR155HG in CC patients using public database 
TCGA, and overexpressed its expression in HeLa cells to explore its cellular functions. Cellular 
phenotype experiments were conducted to assess the influence of MIR155HG on HeLa cells, 
including proliferation, cell cycle, migration, invasion, and cisplatin sensitivity. Then we evaluated 
the impact on epithelial-mesenchymal transition (EMT) of MIR155HG and identified the underlying 
regulatory mechanism. We found that MIR155HG was highly expressed and positively correlated 
with overall survival (OS) prognosis results in CC patients. Overexpression of MIR155HG (MIR155HG-
OE) demonstrated higher proliferation and migration levels in HeLa cells, while MIR155HG inhibited 
the apoptosis rate of HeLa cells. Meanwhile, we found MIR155HG can reduce the effect of cisplatin 
sensitivity on HeLa cells. Besides this, MIR155HG-OE significantly changed the expression pattern 
of EMT biomarkers, including ZEB1, TWIST1, Vimentin, N-cadherin, and E-cadherin. To explore the 
underlying mechanism, we found MIR155HG can promote ZEB1 expression by sponging miR-409-
3p, forming a competitive endogenous RNA system to inhibit cisplatin sensitivity. In this study, we 
deeply explored the molecular and cellular functions of MIR155HG in CC cells. Our results highlight the 
important role and potential targeting value of MIR155HG in CC pathogenesis and development.
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Cervical cancer (CC) is the most common gynecological malignancy among women worldwide, which poses a 
serious threat to female health, with approximately 760,000 CC newly diagnosed cases and more than 410,000 
predicted deaths by 20301,2. Besides the human papillomavirus (HPV) infection3, the pathogenesis of CC has 
been extensively investigated by identifying multiple risk factors. The cervical microbiota4, genomic variations5, 
protein-coding genes6, micro RNAs (miRNAs)7, and long noncoding RNAs (lncRNAs)8 are risk factors, while 
their potential functions and underlying mechanisms are largely unknown. It is imperative to further clarify the 
molecular mechanism and biomarkers underlying CC tumorigenesis, including targets associated with tumor 
immune microenvironment and chemodynamic therapy, so as to improve the treatment of CC9–11.

It is well documented that lncRNAs are important regulators of the malignant phenotypes of cancer cells12,13. 
For example, the significant augmentation of FOXP4-AS1 expression in esophageal squamous cell carcinoma 
(ESCC) tissues and cell lines is reported, and its high expression markedly promotes the proliferation, invasion and 
migration ability of ESCC cells by enriching MLL2 and H3K4me3 in the FOXP4 promoter through a molecular 
scaffold14. Deletion of LINC00839 suppresses nasopharyngeal carcinoma cells rapid growth, invasive capacity 
and epithelial-mesenchymal transition (EMT)15. Moreover, MIR155HG exhibits cancer-promoting effects in 
multiple types of cancers. For example, down-regulate the expression of MIR155HG impairs the proliferative, 
migratory, and invasive activity in melanoma cells via the miR-485-3p/PSIP1 axis, and levels of MIR155HG are 
linked to decreased overall survival (OS) in melanoma patients16. LncRNA MIR155HG promotes temozolomide 
resistance by activating the Wnt/beta-Catenin pathway via binding to PTBP1 in glioma17. LncRNA MIR155HG 
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knockdown can also suppress cell proliferation, migration and invasion in non-small cell lung cancer by 
upregulating TP53INP1 directly targeted by miR-155-3p and miR-155-5p18. Our previous research showed 
that dysregulated MIR155HG act as competitive endogenous RNAs and are associated with cervical cancer 
development in UYGHUR Women19, while the underlying regulatory mechanism is unknown.

Previous studies report that miRNAs play crucial roles in cancer progression. MiRNAs are capable of binding 
to 3’ untranslated region (3’-UTR) of mRNA, further inducing target mRNA degradation or translational 
inhibition and hence regulating gene expression at the post-transcriptional level20. MicroRNA-133b plays 
essential role in cervical cancer development by modulating the ERK and AKT1 pathways21. MicroRNA-
301a promotes migration and invasion by targeting TGFBR2 in human colorectal cancer22. The functions of 
miRNAs in tumor development were also reported in hepatocellular carcinoma23 and gastric cancer24. In CC, 
hsa-miR-409-3p was detected with differential expression in liquid and tissue biopsies and can regulate the 
expression levels of HPV16/18-E6 mRNA25,26. For mechanisms, hsa-miR-409-3p can be sponged by circular 
RNA circEPSTI1, which has the ability to accelerates cervical cancer progression27. MiR-497-5p, a well-known 
tumor suppressor in cancer biology, induces cell cycle arrest and represses cancer cell proliferation by targeting 
CBX428. Nonetheless, the molecular mechanism of miR-497-5p dysfunction in CC requires further delineation.

In this study, we aimed to further explore the functions and cellular influences of MIR155HG in CC cells, 
as well as the underlying mechanisms. To achieve this goal, we overexpressed and silenced the expression of 
MIR155HG in HeLa cells, and further assessed its influences on cellular phenotypes. At the same time, we 
also performed experiments to test whether MIR155HG can modulate the treatment effect of cisplatin. Finally, 
the molecular targets of MIR155HG and the regulatory axis was confirmed by dual luciferase reporter assay. 
In summary, our study made a comprehensive exploration on the biological functions and molecular targets 
of MIR155HG in CC cells, and highlighted its potential regulatory role in CC development, suggesting that 
MIR155HG can be served as a potential biomarker and therapeutic targets for CC in future.

Materials and methods
Cell cultivation and transfection
The human HeLa cells were derived from Procell Biotech (CL-0101, Wuhan, China), and the cell culture 
conditions were MEM medium + 10% FBS + 1% PS, 37℃, 5% CO2, and saturated humidity. The HeLa cells have 
been identified by STR profiling for validation, and tested negative for mycoplasma.

MIR155HG overexpression experiment
We used Lentivirus method to overexpress MIR155HG in this study. We prepared 2 mL of cell suspension 
with a density of 5 × 104 cells/mL using complete culture medium. Then we took 100 µL/well and added it to a 
96 well plate for a total of 12 wells, with 3 wells serving as the control group, which were then incubated at 37 
℃ for 24 h until the cell confluence is around 30%. Took out the negative control virus from the refrigerator, 
slowly melt it on ice, and dilute the virus with serum-free medium to titers of 1 × 108 TU/mL, 1 × 107 TU/mL, 
1 × 106 TU/mL, each 50 µL. Remove the supernatant from each well, replace the culture medium, add virus 
and corresponding infection enhancement solution, mix well, and continue cultivation. After 12 h of infection, 
switch back to normal culture medium. After about 48 h of infection, observe under a microscope when the 
fluorescence expression abundance is high. The infection efficiency is around 80%, and the infection conditions 
and MOI corresponding to the group with good cell growth can be used as the basis for subsequent infection 
experiments.

Cell counting kit-8 (CCK-8) assay
The HeLa cells (2 × 103/well) were seeded into a 96-well plate and cultured overnight. Subsequently, the cells 
in each well were incubated with 10 µL of CCK-8 reagent (Dojindo, Kumamoto, Japan) for 2 h, and then a 
microplate reader was used to detect the optical density (OD) values of the cells at 450 nm wavelength. With the 
same method, the absorbance values were detected for three consecutive days.

Transwell assay
The cell suspensions (2 × 105 cells/mL) of HeLa cells were prepared using serum-free medium. The transwell 
system (Nest, Wuxi, China) was used for this experiment, with a total of 0.2 mL cell suspension in the upper 
compartment, and medium containing 10% FBS in the lower compartment. After 12 h incubation of the cells 
in the system, the migrated and invaded cells were fixed by 4% paraformaldehyde and stained with 0.5% crystal 
violet solution. Finally, the stained cells were screened and selected in each group to count the cell number by 
the microscope. The invasion assay was performed with the bottom of the Transwell system coated with a layer 
of Matrigel (30 µg/well; BD, San Jose, CA, USA) before the inoculation of the cells.

Western blot
The extraction of total protein from cells was performed employing RIPA lysis buffer (Sigma-Aldrich, St. Louis, 
MO, USA). After the samples were mixed with 5×loading buffer and denatured in boiling water for 5 min, the 
separation of the proteins was completed via SDS-PAGE, followed by subsequent transfer of separated proteins 
onto polyvinylidene difluoride (PVDF) membranes (Beyotime, Shanghai, China). After that, the membranes 
were blocked in 5% skimmed milk for 2 h at room temperature and then incubated with primary antibodies 
against ZEB1 (1: 1000; ab203829; Abcam, Shanghai, China), TWIST (1: 1000; ab50581; Abcam, Shanghai, 
China), E Cadherin (1: 1000; ab40772; Abcam, Shanghai, China), Vimentin (1: 1000; ab92547; Abcam, Shanghai, 
China), SNAIL (1: 1000; ab216347; Abcam, Shanghai, China), N Cadherin (1: 1000; ab76011; Abcam, Shanghai, 
China), and β-actin (1: 2000; ab5694; Abcam, Shanghai, China) overnight at 4 °C. Next, the membranes were 
incubated with horseradish peroxidase-labeled secondary antibodies (1:1000, Beyotime, Shanghai, China) 
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at room temperature for 2  h. The development of protein bands was conducted employing an enhanced 
chemiluminescent kit (Biozym, Hessisch Oldendorf, Germany).

Reverse transcription and quantitative polymerase chain reaction (RT-qPCR)
The U6 and GAPDH were used as the internal control genes for lncRNA and mRNA in RT-qPCR experiment, 
respectively. The total RNA was extracted from HeLa cells by TRIZOL (15596026, Ambion). The cDNA was 
synthetized by standard procedures and RT-qPCR was conducted by the PCR system (MyCycler Thermal 
Cycler, Bio-Rad) and real time PCR instrument (ABI 7500 Fast, ABI) according to the steps following published 
studies29,30. All data were expressed as mean ± standard deviation, and statistical analysis was performed on the 
gene content in each group using SPSS 19.0 software. ANOVA analysis method was used for statistical analysis: 
P < 0.05 indicates significant differences. The primer sequences were presented in Table S1.

Dual-luciferase reporter gene assay
The C-33 A cells (CL-0045, Procell Biotech, Wuhan, China) were used for dual-luciferase reporter gene assay 
to further confirm the regulatory axis in another cell line. The amplification of wild-type (WT) MIR155HG 
sequence and miR-409-3p sequence were completed by PCR, followed by the selective mutation of the 
sequences. Next, mutant (MUT) MIR155HG sequence at the interacting site of has-miR-409-3p, has-miR-
409-3p NC sequence, MIR155HG-WT sequence and WT miR-409-3p sequence were inserted into pmirGLO 
luciferase reporter vectors (Promega, Madison, WI, USA). Subsequently, pmirCHECK2-MIR155HG-MUT and 
pmirCHECK2-MIR155HG-MUT were transfected into C-33 A cells, respectively, together with the transfection 
of has-miR-409-3p mimics and has-miR-409-3p NC. After 24 h, the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA) with a GloMax 20/20 Luminometer (Promega, Madison, WI, USA) were used to 
detect the luciferase activity of the cells in each group in line with manufacturer’s protocol.

Statistical analysis
All experiments were performed in triplicate, and all experimental data expressed by mean ± standard deviation 
were analyzed using GraphPad Prism 8.0 (GraphPad Software Inc., La Jolla, CA, USA). Kaplan-Meier method31 
with log-rank test was performed to evaluate the relationship between MIR155HG expression and progression-
free survival (PFS) and overall survival (OS) of CC patients. The comparison of data was performed using 
student’s t-test (between two groups) and one-way ANOVA (among multiple groups), with P < 0.05 statistically 
indicating a significant difference.

Results
MIR155HG was highly expressed in CC tissues and cells
Our previous study has demonstrated that MIR155HG was dysregulated in cervical cancer tissues and is probably 
associated with the development of CC19. Then we analyzed its expression difference in TCGA database, and 
found significant increase (p-value < 0.01) in tumor samples (Fig. 1A), although the normal sample size (n = 3) 
was very low. The promoter region of MIR155HG was lower methylated in primary tumor samples (Fig. 1B), 
showing consistency with the evaluated expression level. However, we also found that CESC patients with higher 
expression level of MIR155HG showed better overall survival (OS) prognosis result compared with patients with 
lower expression level (Fig. 1C). Prognosis analysis for the mature has-miR-155 showed similar result with the 
host gene MIR155HG (Fig. 1D), indicating that MIR155HG may have unexpected functions in CC and need 
to be further investigated. To predict the potential functions of MIR155HG in cervical cancer cells, we assessed 
its expression level and difference in nucleus and cytoplasm. The results demonstrated that MIR155HG was 
dominantly expressed in nucleus but not in cytoplasm (Fig. 1E).

MIR155HG enhanced proliferation, migration and invasion of CC HeLa cells
To further examine the cellular functions of MIR155HG in CC, we overexpressed its expression in HeLa cells. 
Compared with the blank and negative control (NC) samples, MIR155HG showed significant increase in 
MIR155HG-OE samples (Fig. 2A). We then performed cellular phenotype experiments to explore the functions 
of MIR155HG in HeLa cells. Apoptosis assay by flow cytometry demonstrated the decreased apoptosis level 
in MIR155HG-OE samples (Fig. 2B). Consistent with the apoptosis result, proliferation assay by CCK8 assay 
showed that MIR155HG-OE significantly increased the proliferation level of HeLa cells (Fig. 2C). To further 
confirm the regulation on cell proliferation by MIR155HG, we performed cell cycle experiment and found 
that MIR155HG-OE obviously altered the G0/G1 proportion of cells compared with NC, with increased and 
decreased percentages in S and G2/M stages but not significant, respectively (Fig. 2D). In summary, these results 
illustrated that MIR155HG can promote the growth of HeLa cells, implying its cancer promoting functions in 
CC. We then explored the potential functions in cancer metastasis of MIR15HG, and found that MIR155HG-
OE also significantly increased the number of migrated and invaded cells by performing cellular migration and 
invasion assays (Fig. 2E).

MIR155HG significantly regulated the expression levels of EMT biomarkers
To further explore the influence of MIR155HG on cancer metastasis, we checked the expression levels of 
epithelial-mesenchymal transition (EMT) biomarkers. The results demonstrated that MIR155HG increased the 
expression levels of TWIST1, Vimentin, Snail, and N-cadherin, while decreased the expression of E-cadherin by 
RT-qPCR experiment (Fig. 3A). Then we tested the expression levels of these EMT biomarkers using western blot 
experiment. The protein levels of N-cadherin, Snail, TWIST1, and Vimentin were increased in MIR155HG-OE 
samples, while the expression level of E-cadherin was decreased (Fig. 3B, Supplementary Figure S1). To further 
quantify the expression levels of these EMT biomarkers, we calculated the ratio between EMT biomarkers and 
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β-actin for their band intensities, and found that all of them showed significant changes in MIR155HG-OE 
group compared with other two groups (Fig. 3C). In summary, these results demonstrated that MIR155HG can 
significantly regulate the expression levels of EMT biomarkers in CC cells and probably modulate EMT process 
of CC patients.

MIR155HG can reduce the effect of cisplatin sensitivity on cervical cancer cells
Then we investigate whether MIR155HG can influence the sensitivity of cisplatin treatment on HeLa cells. 
By treating the CC HeLa cells with different doses of cisplatin according to previous study32, we found the 
proliferation level of CC HeLa cells was significantly inhibited with a dose dependent manner (Fig. 4A). Then 
we transfected the MIR155HG-OE plasmid into HeLa cells. There was a significant difference of inhibition 
level of cellular proliferation in MIR155HG-OE group compared with the other two groups when the cisplatin 
doses were 2 and 5µM (Fig. 4B). We next explored how MIR155HG influenced the phenotypes of HeLa cells 
under cisplatin treatment. The number of cell clones was significantly increased in MIR155HG-OE + Cisplatin 
group compared with Cisplatin and NC + Cisplatin groups (Fig.  4C, p-value < 0.01). At the same time, the 
apoptosis level in MIR155HG-OE + Cisplatin group was significantly inhibited compared with the Cisplatin and 
NC + Cisplatin groups (Fig. 4D, p-value < 0.01). Then we assessed the proliferation levels of HeLa cells under 
MIR155HG-OE and cisplatin treatment, and found that the proliferation level was increased by MIR155HG-OE 
after 48, 72, and 96 h after cisplatin treatment (Fig. 4E). In summary, these results demonstrated that MIR155HG 
has the ability to reduce the sensitivity of cisplatin treatment in HeLa cells.

Fig. 1.  MIR155HG was dysregulated in CESC patients and associated with the prognosis results of CESC 
patients. (A)  Box plot showing the expression level of MIR155HG in normal and primary tumor samples of 
CESC patients. Student’s t-test, P-value < 0.01. (B) Box plot showing the methylation level at the promoter 
region of MIR155HG in normal and primary tumor samples of CESC patients. Student’s t-test, P-value < 0.01. 
(C)  Line plot showing the different OS probability of two CESC patient groups divided by MIR155HG 
expression levels. (D)  The same as (C) but for the OS analysis result by GEPIA2 software. (E)  Bar plot 
showing the cellular location of MIR155HG in HeLa cells by RT-qPCR experiment. N = 5; Student’s t-test, *** 
p-value < 0.001.
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MIR155HG was directly targeted by miR-409-3p
To explore the underlying regulatory mechanism of MIR155HG in cervical cancer, we analyzed its potential as a 
compete endogenous RNA (ceRNA). By predicting miRNA binding sites on MIR155HG using LncTar software33 
with default parameters, we found that miR-409-3p can potentially interact with MIR155HG (Fig.  5A). We 
then performed dual luciferase reporter assay to validate the interaction between miR-409-3p and MIR155HG. 
The results demonstrated that a significant difference of luciferase signal was detected between MIR155HG-
WT + miR-409-3p and other groups, indicating their tight interaction (Fig. 5B). We then performed RT-qPCR 
experiment to check the expression pattern of miR-409-3p after MIR155HG-OE, and found that MIR155HG-
OE can significantly decrease the expression level of miR-409-3p (Fig.  5C), indicating that MIR155HG can 
influence the expression level of miR-409-3p in CC cells. At the same time, we also predicted that.

Fig. 2.  The effects of MIR155HG on proliferation,migration and invasion of CC cells.  (A) Bar plot showing 
the successful overexpression of MIR155HG in CC cells by RT-qPCR experiment; N = 6. (B) Cell flow 
cytometry and bar plot showing the decreased apoptosis level of CC cells by MIR155HG-OE; N = 3. (C) Bar 
plot showing the increased proliferation level of CC cells by MIR155HG-OE; N = 3. (D) Cell flow cytometry 
and bar plot showing the percentage of cells at different cell cycle states; N = 3. Two-way ANOVA test, * 
P < 0.05. (E) Cell culture and bar plot showing the increased migration and invasion levels of CC cells by 
MIR155HG-OE; N = 9. Two-way ANOVA test, * P < 0.05; ** P < 0.01; *** P < 0.001; and **** P < 0.0001.
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MIR155HG can rescue the expression of ZEB1 by sponging miR-409-3p in CC cells
Based on the interaction between MIR155HG and miR-409-3p, we propose that MIR155HG can rescue the 
expression of genes that were targeted by miR-409-3p. Thus, we predicted the potential targets of miR-409-5p 
and found that ZEB1 was one of the targets of miR-409-5p. Then we analyzed whether the expression level 
of ZEB1 can be regulated by MIR155HG. The results demonstrated that ZEB1 mRNA level was significantly 
increased in MIR155HG-OE samples (Fig. 6A). The protein level of ZEB1 was also increased by MIR155HG-OE 
in HeLa cells with β-actin as internal control (Fig. 6B). To further validate if ZEB1 was regulated by MIR155HG/
miR-409-3p axis, we predicted the targets of miR-409-3p by TargetScan34 and found ZEB1 was among them 
(Fig.  6C). Then we compared the expression levels of MIR155HG, ZEB1, and miR-409-3p under cisplatin 
treatment. The results demonstrated that MIR155HG and ZEB1 were significantly repressed, while miR-409-3p 
was significantly increased under cisplatin treatment (Fig. 6D).

Discussion
Currently, surgery, chemotherapy, radiotherapy, targeted therapy, and immunotherapy are the main treatment 
strategies for cancers35. For instance, circulating biomarkers such as cytokines and soluble PD-L1, have a role 
in personalized treatments for melanoma patients36. Meanwhile, next-generation CAR T-cell strategies that 
adapt to altered tumor metabolism are being explored to overcome the metabolic barriers of solid tumors37. 
Finally, interrupting the crosstalk between tumor cells and tumor-associated macrophages mediated by small 
extracellular vesicles offers a novel avenue to reprogram immunosuppressive macrophages and bolster anti-
tumor immunity38. However, these methods still couldn’t cure most of the human malignancies, especially the 
metastatic diseases. In recent years, non-coding RNA therapeutics have attracted a lot of attention, and are 
promising solutions to improve the prognosis of the patients39. LncRNAs possess multiple functions including 
serving as a host gene of miRNA, preventing RNA and protein from binding to targets, or acting as a molecular 
scaffold to guide proteins to their targets40. In this study, we systematically explored the functions of MIR155HG 

Fig. 3.  MIR155HG significantly regulated expression levels of EMT biomarkers. (A) Bar plot showing the 
quantitative results for RT-qPCR results. N = 5; Student’s t-test, *** p-value < 0.001, **** p-value < 0.0001. (B) 
Western blot result showing the expression levels of EMT biomarkers. (C) Quantitative results for the WB 
experiment in (B). N = 3; Student’s t-test, ** p-value < 0.01.
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Fig. 5.  MIR155HG interacted with miR-409-3p and repressed its expression in HeLa cells. (A) Base pair 
presentation for MIR155HG and has-miR-409-3p that was predicted by LncTar. (B) Bar plot showing 
the quantitative results for dual luciferase reporter assay. N = 3; Student’s t-test, ** p-value < 0.01, **** p-
value < 0.0001. (C) Bar plot showing the expression level for miR-409-3p in three groups. N = 3; Student’s t-test, 
**** p-value < 0.0001.

 

Fig. 4.  Effect of MIR155HG on cisplatin sensitivity of cervical cancer cells. (A) Growth inhibition of Hela 
cells was observed at different concentrations of cisplatin by CCK-8 method (mean ± STD, n = 5). (B) Growth 
inhibition of Hela cells was reduced after overexpression of MIR155HG at different concentrations of 
cisplatin. (C) Plate clonality assays was used to measure the impact of cisplatin to cell clonality in Hela cells 
after overexpression of MIR155HG. (D) Flow cytometry was adopted to examine apoptotic rate in Hela cells 
with cisplatin after overexpression of MIR155HG. (E). Effect of cisplatin on proliferation of Hela cells after 
overexpression of MIR155HG at different time. N = 3 for C-D, and N = 5 for A-B and E; One-way ANOVA test, 
* p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001, **** p-value < 0.0001; ns, non-significant.
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in cervical cancer cells, and confirmed its regulatory mechanism to facilitate the progression of HeLa cells 
by acting as a sponge for miR-409-3p and increasing the expression of ZEB1. Our study clearly showed the 
important role of MIR155HG in HeLa cells and illustrated its potential therapeutic value in the treatment of 
cervical cancer.

Previous study has demonstrated the functions and clinical significance of MIR155HG in tumor-infiltrating 
macrophages of lung adenocarcinoma41. Our study provides novel insights into the role of MIR155HG in 
cervical cancer (CC). We demonstrated that MIR155HG is aberrantly upregulated while it is negatively 
correlated with poor prognosis in CC patients. This finding is consistent with previous studies showing that 
MIR155HG is often overexpressed in various human malignancies, including breast cancer, colorectal cancer, 
and hepatocellular carcinoma. It is also suggested that MIR155HG is a prognostic biomarker and associated 
with immune infiltration and immune checkpoint molecules expression in multiple cancers42. Recent studies 
have highlighted advancements in liquid biopsies for cancer diagnostics and monitoring, such as circulating 
tumor DNA (ctDNA) and DNA methylation signatures by next-generation sequencing43–45. We propose 
that the expression or methylation level of MR155HG can also be detected in CC using such methods. Thus, 
the upregulation of MIR155HG in CC tissues suggests that it may serve as a potential biomarker for disease 
progression and prognosis.

In this study, our experimental data revealed that overexpression of MIR155HG (MIR155HG-OE) 
significantly enhanced the proliferation and migration capabilities of HeLa cells, while simultaneously inhibiting 
apoptosis. Another study demonstrated that MIR155HG can promote the expression of PD-L1 by functioning 
as a ceRNA to modulate the miR-223/STAT1 axis in hepatocellular carcinoma HepG2 cells, suggesting the 
important role of MIR155HG in cancer immune escape46. MIR155HG can also promote the progression and 
is associated with prognosis of pancreatic cancer patients through negative regulation of miR-80247. We also 
observed that miR155HG functions as a competing endogenous RNA for miR-185. Moreover, miR-185 directly 
targets and inhibits ANXA2, which exhibits oncogenic functions in glioblastoma multiforme48. It has been 
reported that MIR155HG expression in cancer-associated fibroblasts was associated with overall survival among 
ovarian cancer patients, and was also associated with higher infiltrates of immune cell subsets49. These results 
highly demonstrated the MIR155HG has profound influence on cellular phenotypes by acting as a regulatory 
RNA. Prior studies have demonstrated that lncRNAs can act as critical modulators of inflammation and cell 
proliferation via ceRNA networks, such as KCNQ1OT1 in Parkinson’s disease50, FOXD2-AS1 in oral squamous-
cell carcinoma51, supporting our conclusion that MIR155HG may contribute to the aggressive behavior of 
cervical cancer cells by promoting cell survival and metastasis. This is particularly relevant given that metastasis 

Fig. 6.  MIR155HG regulated the expression of ZEB1 in HeLa cells. (A) Bar plot showing the expression level 
changes of ZEB1 in three groups. (B) Western blot showing the expression pattern of ZEB1 in HeLa cells. Left 
panel was the gel result, and right panel was the quantitative result. (C) Base pair presentation for ZEB1 and 
has-miR-409-3p that was predicted by TargetScan. (D) Bar plot showing the expression levels of MIR155HG 
and its target genes after cisplatin intervention. N = 5; Student’s t-test, ** p-value < 0.01, *** p-value < 0.001, **** 
p-value < 0.0001.

 

Scientific Reports |        (2025) 15:20541 8| https://doi.org/10.1038/s41598-025-08727-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


is a major cause of treatment failure and mortality in CC patients. By enhancing cell viability and migration, 
MIR155HG likely facilitates the spread of cancer cells to distant sites, thereby exacerbating disease progression. 
Moreover, the interaction between coding genes and lncRNAs is increasingly being studied by gene–lncRNA 
network analyses through large-scale bioinformatics approaches52,53, indicating that the function of MIR155HG 
can be further predicted by bioinformatics approaches54. Thus, it would be valuable to deeper explore the function 
and interaction network of MIR155HG by using multi-omics datasets and analysis tools in future studies.

The epithelial-mesenchymal transition (EMT) is a critical process in cancer metastasis, characterized 
by the loss of epithelial markers (E-cadherin) and the gain of mesenchymal markers (such as Vimentin and 
N-cadherin)55. Our results showed that MIR155HG-OE significantly altered the expression pattern of key EMT 
biomarkers, including upregulation of ZEB1, TWIST1, Vimentin, and N-cadherin, as well as the downregulation 
of E-cadherin. This suggests that MIR155HG may drive the EMT process in CC cells, thereby enhancing 
their migratory and invasive capabilities. The induction of EMT is a hallmark of metastatic cancers, and our 
findings highlight the potential role of MIR155HG in promoting this process in cervical cancer. In clear cell 
renal cell carcinoma (ccRCC), blocking lncRNA MIR155HG/miR-155-5p/-3p inhibits proliferation, invasion 
and migration of cancer cells, suggesting that MIR155HG is a potential target for early diagnosis and precise 
treatment of ccRCC56. Besides, MIR155HG can also be served as prognostic lncRNAs in kidney renal clear cell 
carcinoma57. Based on the above discovery, we propose that MIR155HG can probably regulate the metastasis 
state of CC by modulating the expression patterns of EMT marker proteins. Meanwhile, this hypothesis should 
be further validated using in vivo experiments, such as metastatic mouse model, in future studies.

To elucidate the molecular mechanism underlying the effects of MIR155HG, we identified a regulatory axis 
involving MIR155HG, miR-409-3p, and ZEB1. Specifically, we found that MIR155HG can sponge miR-409-3p, 
thereby relieving its inhibitory effect on ZEB1 expression. This interaction forms a competitive endogenous RNA 
(ceRNA) system, where MIR155HG competes with ZEB1 mRNA for binding to miR-409-3p, ultimately leading 
to increased ZEB1 expression. ZEB1 is a well-known transcription factor that promotes EMT and metastasis 
in various cancers58. By upregulating ZEB1, MIR155HG indirectly enhances the EMT process, contributing 
to the malignant phenotype of CC cells. In laryngeal squamous cell carcinoma (LSCC), TGF‑β can induce the 
expression of MIR155HG, which can further promote the progression and EMT of LSCC by regulating the miR-
155-5p/SOX10 axis59. This ceRNA mechanism provides a novel perspective on how lncRNAs can regulate gene 
expression and influence cancer progression. Therefore, MIR155HG/miR-409-3p/ZEB1 is a potential regulatory 
axis for the development of CC. Meanwhile, further experiments such as luciferase and RNA pull-down should 
be conduct to confirm this regulatory axis.

We also observed that MIR155HG can significantly reduce the sensitivity of HeLa cells to cisplatin treatment, 
which is a cornerstone of chemotherapy for cervical cancer but is rendered ineffective owing to drug resistance. 
Thus, resistance to cisplatin is a significant clinical challenge60. This finding suggests that MIR155HG may 
contribute to chemoresistance in cervical cancer, potentially by enhancing cell survival pathways and inhibiting 
apoptosis. It has been reported that knockdown of MIR155HG can suppress M2 macrophage polarization, and 
proliferation, migration, invasion, as well as oxaliplatin resistance of CRC cells61. Another lncRNA, linc00958, 
can also inhibit the cellular resistance to cisplatin by modulating the miR-185-5p/RSF-1 axis in SiHa/DDP 
cells of cervical cancer62, indicating that lncRNAs are important players in drug resistance of cervical cancer 
therapy. Targeting MIR155HG or its downstream effectors, such as antisense oligos or CRISPR screening63, may 
therefore represent a promising strategy to overcome cisplatin resistance and improve therapeutic outcomes in 
CC patients, which need to be further validated using animal model and clinical experiments in future.

Our study highlights the multifaceted role of MIR155HG in cervical cancer progression, from promoting 
cell proliferation and migration to driving EMT and contributing to chemoresistance. These findings underscore 
the potential of MIR155HG as a therapeutic target in CC. Future research should focus on validating these 
findings in larger cohorts of CC patients and exploring the therapeutic potential of targeting the MIR155HG/
miR-409-3p/ZEB1 axis. Additionally, further investigation into the downstream effectors of MIR155HG and its 
interactions with other signaling pathways may reveal additional mechanisms by which this lncRNA contributes 
to cervical cancer pathogenesis. Meanwhile, in vivo experiments, such as patient-derived xenograft (PDX) 
models64 and the rescue experiments at the ZEB1 protein level, should be performed to further validate the 
functions and clinical applicability of MIR155HG in CC.

Conclusions
In conclusion, our study demonstrates that MIR155HG can regulate the phenotypes and functions of cervical 
cancer cells, and extends the molecular regulatory mechanism of MIR155HG, illustrating the regulatory axis of 
MIR155HG/miR-409-3p/ZEB1 as potential therapeutic pathway of cervical cancer. Further studies with animal 
models and new technologies65, will deeper decipher the functions and regulatory mechanism of MIR155HG 
in future. The findings highlight the potential therapeutic value of targeting MIR155HG and its associated 
pathways, offering new avenues for improving the management of cervical cancer.

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