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Introduction

Ovarian cancer has a high mortality rate due to late diagnosis, relapse and chemoresistance. miRNAs play a major role in tumorigenesis as well as chemoresistance. Hence, we undertook a study, to evaluate the differential expression of miRNAs in clinical specimens of ovarian cancer patients that may highlight the effect of chemotherapy and their role in predicting survival outcomes.





Methods

Clinical specimens were collected from n=127 participants comprising chemo-naive, chemo-treated ovarian cancer patients and healthy women as controls for the study. miRNA expression was evaluated by quantitative real-time PCR analysis.





Results

Our results indicate an upregulation of miR-182 and miR-130a in the serum of treated ovarian cancer patients, which may be an effect of chemotherapy. Tissue levels of miR-182 and miR-106a were elevated in patients with advanced-stage disease. Elevated tissue expression of miR-106a was also associated with poor chemotherapy response and early relapse, while miR-200a was elevated in metastatic patients and linked to early relapse. However, reduced tumor suppressor miR-433 and miR-145 levels were observed in metastatic patients. Multivariate Cox regression identified serum miR-130a and tissue miR-20a as independent predictors of progression-free survival. A combined serum miRNA panel (miR-182, miR-106a, miR-23b) demonstrated diagnostic potential with an AUC of 0.743.





Conclusion

The study highlights differential regulation of circulating and tissue miRNAs in Indian OC patients, emphasizing the selective retention of oncogenic miRNAs in tumors and release of tumor suppressive miRNAs into circulation. These findings support the utility of miRNAs as diagnostic and prognostic biomarkers in OC.
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1 Introduction

Ovarian cancer (OC) ranks 8th and accounts for 4.4% of all cancer-related deaths in females worldwide (1). Due to the asymptomatic nature of the disease, most OC cases are diagnosed at an advanced stage. Upon diagnosis, primary de-bulking surgery (PDS) followed by chemotherapy was regarded as the standard treatment for OC, as optimal de-bulking is directly associated with improved survival outcomes (2). Whereas in advanced OC with extensive tumor burden, neo-adjuvant chemotherapy succeeded by interval debulking surgery (IDS) has become the preferred treatment approach (3, 4). According to the CONCORD-3 data, the 5-year survival for ovarian cancer increased from roughly 28-36% in the early 2000s to approximately 30-47% by 2014 across 71 countries, which is far from optimal (5). Chemoresistance is considered a hurdle in the effective treatment of OC patients, contributing to higher relapse and mortality rates (6).

miRNAs are small non-coding RNAs involved in gene regulation either by translation repression/mRNA degradation (7). They control around 50% of all protein-coding genes and regulate several cellular processes (8). In cancer cells, the expression of miRNAs is altered, which can aid in tumor growth and metastasis (9). These changes could be attributed to regulation at the transcription level, post-transcriptionally, and by miRNA secretion (10). The latter is the most economical method as it does not involve the recruitment of various proteins, transcription factors, and other complex feedback mechanisms (11). miRNAs are versatile players as they can act either as oncomiRs or tumor suppressor miRNAs, depending upon their target mRNA (12). Emerging evidence suggests that tumors can selectively retain oncogenic miRNAs and export tumor suppressor miRNAs out of the cells to preserve particular stages of gene expression or growth (11, 13). Various mechanisms of miRNA selection have been reported, such as sequence-specific motifs, 3’-end modifications, etc. (13–15).

Moreover, the expression of miRNAs is dysregulated in response to chemotherapy and can predict prognosis (16). The role of miRNAs in the development of chemoresistance has been extensively studied in cell lines. However, only a few of these miRNAs have been validated in clinical OC specimens. miRNAs offer significant advantages over protein markers as they can be detected by PCR, enabling the development of multiplexed panels. Additionally, circulating miRNAs in the plasma and serum hold great potential as biomarkers for cancer (17, 18). In India, OC has emerged as one of the most common gynecological malignancies. However, there is a lack of reports on the association of miRNAs with treatment response monitoring in Indian women with OC.

Hence, we selected a panel of ten microRNAs (miR-145-5p, miR-182-5p, miR-200a-5p, miR-20a-5p, miR-23b-3p, miR-365a-3p, miR-433-3p, miR-106a-5p, miR-130a-5p, and miR-9-5p) based on a combination of differential expression analysis and supporting literature. Initial selection was guided by analysis of a publicly available dataset of serum miRNA expression from the GEO datasets (GSE79943). Differentially expressed miRNAs were then cross-referenced with published studies reporting their functional roles in ovarian cancer. Many of these miRNAs play significant roles in the development of chemoresistance of OC. Among these, miR-182, miR-130a, and miR-106a are oncogenic miRs reported to be involved in tumor proliferation, metastasis, and chemoresistance. Overexpression of miR-130a and miR-182 targets PTEN mRNA, potentially leading to cisplatin resistance in A2780 cells (19). Similarly, miR-106a expression can influence paclitaxel sensitivity in OC cells (20). Conversely, miR-145 and miR-433 are tumor suppressor miRNAs that regulate the proliferation of OC cells (21, 22). Altered expression of the tumor suppressor miRNAs miR-365, miR-23b, and miR-20a has been associated with poor survival outcomes (23, 24). Whereas oncogenic miR-200a and miR-9 are implicated in the invasion, metastasis, and chemoresistance in OC (25, 26).

Building on this background, we aimed to test the hypotheses that the levels of oncomiRs or tumor suppressor miRNAs in the circulation and tumors of OC patients are modulated by chemotherapy treatment. Additionally, we seek to determine whether these miRNA levels can serve as biomarkers for predicting treatment response and prognosis.




2 Materials and methods



2.1 Participant enrollment

Epithelial ovarian cancer (EOC) patients undergoing treatment at the P.D. Hinduja Hospital & Medical Research Centre, and Saifee Hospital, Mumbai, India during 2017–2021 were enrolled in the study. Before enrollment in the study, each participant provided written informed consent that had been authorized by the Institutional Ethics Committee (IEC) of ICMR-National Institute for Research in Reproductive and Child Health, as well as the ethics committees of both collaborative hospitals. A written informed consent form was also signed by all the healthy women enrolled in the study before blood collection. Blood and primary ovarian tumor specimens were collected from OC patients, while only blood was collected from healthy women who served as controls. All the tissue specimens were confirmed by immunohistochemistry to be primary ovarian tumors of high grade serous epithelial OC by a trained histopathologist. Blood specimens were collected from a few OC patients during their first line chemotherapeutic regimen (Carboplatin + paclitaxel) up to 3 cycles.




2.2 RNA extraction

The primary ovarian tumor tissues obtained during surgery were snap-frozen and preserved at -80°C. Total RNA extraction was done using the TRIzol (Invitrogen) extraction method according to the manufacturer’s protocol. For tissue samples, RNA quality was assessed using Nanodrop spectrophotometry. Samples were included only if they met minimum purity thresholds: A260/280 ratio ≥ ≥1.9-2.0 and A260/230 ratio ≥ 2.0. Blood specimens were collected in BD Vacutainer® Serum tubes, incubated at ambient temperature for 30 minutes to facilitate coagulation and then centrifuged at 2000 rpm for 15 minutes. The separated serum was aliquoted and stored at -80°C until further use. Serum samples were assessed for hemolysis by measuring absorbance at 414 nm. Samples with optical density >0.2 and indicative of possible hemolysis were excluded from the study. RNA isolation from serum was done by using miRNeasy Serum/Plasma Advanced Kit (Qiagen) by following the manufacturer’s protocol. For serum samples, we used 400µl of serum to ensure good RNA concentration. After RNA extraction, quantification was performed using both Nanodrop spectrophotometry and Qubit fluorometry for accuracy. Only samples with A260/280 ratio ≥1.9-2.0 and A260/230 ratio ≥ 2.0 and detectable RNA levels (≥6.0 ng/µL) were included. The isolated RNA was reverse transcribed to cDNA using miScript II RT kit (Qiagen) according to the manufacturer’s protocol. For each cDNA synthesis reaction, a total of 50 ng RNA was used for serum samples, while 100 ng RNA was used for tissue samples. The cDNA was then used for quantitative real-time PCR experiments.




2.3 Real-time PCR

The expression of miRNAs was quantified by real-time PCR using Quantinova SYBR green PCR kit (Qiagen). Each miRNA was quantified in triplicate assays, and a real-time PCR machine (CFX96 touch, Bio-Rad) was used for detection. The relative expression levels of miRNA were analyzed by using the ΔCq method. Normalization was carried out with U6 snRNA (control). The primer sequences are given in Table 1.


Table 1 | Details of primer sequences used for quantitative real-time PCR analysis.
	MiRNA
	Sequence



	miR-182-5p forward
	5’-GTTTGGCAATGGTAGAACTCA-3’


	miR-433-3p forward
	5’-CATGATGGGCTCCTCG-3’


	miR-145-5p forward
	5’-GTCCAGTTTTCCCAGGAATC-3’


	miR-106a-5p forward
	5’-GAAAAGTGCTTACAGTGCAG-3’


	miR-9-5p forward
	5’-GCAGTCTTTGGTTATCTAGCTG-3’


	miR-200a-5p forward
	5’-TAACACTGTCTGGTAACGATGT-3’


	miR-23b-3p forward
	5’-AGATCACATTGCCAGGGAT-3’


	miR-365a-3p forward
	5’-GCAGTAATGCCCCTAAAAATCC-3’


	miR-130a-5p forward
	5’-GGCTCTTTTCACATTGTGC-3’


	miR-20a-5p forward
	5’-CGCAGTAAAGTGCTTATAGTG-3’


	Universal reverse
	5’-GAATCGAGCACCAGTTACGC-3’


	U6snRNA forward
	5’- CTCGCTTCGGCAGCACA-3’


	U6snRNA reverse
	5’-AACGCTTCACGAATTTGCGT-3’










2.4 Statistical analysis

The expression level of miRNAs was compared between the different groups using the Man-Whitney U test at 95% confidence interval. Longitudinal analysis of follow-up samples was conducted on 16 patients with repeated measurements at four time points: a baseline sample collected at the time of primary cytoreductive surgery prior to any intervention, and three subsequent samples collected during consecutive adjuvant chemotherapy cycles. These data were analyzed using a mixed-effects model ANOVA with restricted maximum likelihood (REML) estimation. The data are represented as Mean ± SEM (Standard Error of the Mean), and the distribution of miRNA expression in the study population is provided in Supplementary Table S1. The correlation analysis of the clinicopathological features of OC patients with the expression of miRNAs in the serum and tissue specimens was done using Spearman’s rank correlation analysis at a 95% confidence interval. Kaplan-Meier method was used for survival analysis. Survival curves were plotted and compared by log-rank test for statistical analysis. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic utility of individual miRNAs. The area under the ROC curve (AUC), sensitivity, and specificity were calculated for each miRNA. A composite ROC curve was also generated by combining the top-performing miRNAs using binary logistic regression to assess whether diagnostic accuracy could be improved. The prognostic relevance of miRNA expression and clinical features with progression-free survival (PFS) was assessed by a multivariate Cox proportional hazards regression analysis performed using R (version 4.3.2) and the survival package. The analysis was conducted separately for tissue and serum miRNA expression profiles. Covariates included the expression levels of all 10 selected miRNAs, age, treatment mode, FIGO stage, CA-125 levels, lymph node metastasis, presence of metastatic cells in ascites, and Chemo response score (CRS). Hazard ratios (HRs), 95% confidence intervals, and p-values were calculated for each covariate, and model performance was evaluated using concordance statistics and likelihood ratio testing. For statistical analysis, GraphPad Prism software (Version 9.5.1) was used. The threshold for significance was set at p-value <0.05.





3 Results

In this study, we enrolled 127 participants, of whom 83 were with serous epithelial OC patients and 44 healthy women as controls. The median age of the enrolled OC patients was 54 years (Range 32–81 years), with 18 premenopausal and 65 postmenopausal women, while the median age of healthy controls was 51 years (Range 30–67 years), including 8 premenopausal and 36 postmenopausal women. There was no significant difference in age between patients and healthy controls (p = 0.9065). The healthy controls were arbitrarily selected women with no known malignancies or major co-morbidities.

Blood specimens (n = 83) were collected from ovarian cancer (OC) patients at the time of enrollment. Among them, 25 patients were in the chemo-naive group, meaning they were newly diagnosed and scheduled directly for primary cytoreductive surgery without receiving any prior treatment; both blood and tissue samples were collected intraoperatively. Fifty-eight patients were classified into the chemo-treated group; they received three cycles of neoadjuvant chemotherapy (paclitaxel and carboplatin) prior to surgery, and their blood and tissue samples were also collected at the time of surgery. Additionally, a follow-up group consisted of 16 OC patients from whom serial blood samples were collected at four time points: initially at the chemo-naive stage and then during each of the three subsequent scheduled chemotherapy cycles (n = 16 × 4 total serum samples). Blood samples were also collected from healthy women (n = 44) enrolled as controls at a single time point for comparison.

Tumor tissues (n = 76) were collected from OC patients at the time of surgery. All the tissue specimens were confirmed by immunohistochemistry to be serous EOC by a trained pathologist. Some of the collected tissues (n = 20) were excluded from the study due to inadequacy or poor quality of extracted RNA. Specifically, 2 samples had insufficient tissue quantity, 5 samples exhibited low RNA yield, 7 samples showed poor RNA purity based on A260/230 ratios, and 6 samples contained necrotic tissue or high fat content.

We enrolled 83 women diagnosed with high-grade serous epithelial ovarian cancer. Around 13% (n = 11) of patients were diagnosed in the early stage (FIGO I), whereas more than 69% (n = 58) of patients were diagnosed at an advanced stage. These results highlight that the rate of early diagnosis of OC is very poor in the urban Indian population.

The presence of tumor cells in the lymph nodes is an indication of metastasis and is often linked with poor survival of OC patients. In our study, 46% (n = 39) of the total patients had lymph node metastasis these patients were more likely to be in FIGO stages III and IV (83%, n = 32) than in stages I and II (17%, n = 7). Similarly, among the 27 patients that had the presence of tumor cells in their ascites, only n = 5 patients belonged to stages I & II. The presence of metastasis in the lymph nodes or the peritoneal cavity further affects the prognosis of the disease. These findings indicate the need for developing early diagnostic and prognostic strategies for improving the survival outcome of OC patients. The detailed patient characteristics are given in Table 2.


Table 2 | Clinicopathological characteristics of ovarian cancer patients enrolled in the study.
	Parameters
	Criteria
	n
	%



	Primary Ovarian cancer patients
	 
	83
	100


	Age
	 
	54 years (Range 32–81 years)


	FIGO stage
	I
	11
	13.25


	II
	25
	30.12


	III
	44
	53.01


	IV
	3
	3.61


	Grade
	High
	83
	100


	Lymph node metastasis
	Present
	39
	46.98


	Absent
	44
	53.01


	Fluid cytology
	Present
	27
	32.53


	Absent
	40
	48.19


	Unknown
	16
	19.27


	Chemotherapy (Carboplatin + Paclitaxel)
	Chemonaive
	25
	30.12


	Treated with 3 cycles of first line chemotherapy
	58
	69.87


	Chemo response score
	CRS 1
	18
	21.68


	CRS 2
	25
	30.12


	Unknown
	15
	18.07


	Median CA-125 (U/ml)
	Before treatment
	736.8 U/ml


	After treatment
	25.5 U/ml


	Recurrence
	Yes
	42
	50.6


	No
	41
	49.39


	Death due to disease
	9
	10.84


	Healthy women
	Controls
	44
	100


	Age
	 
	51 years (Range 30–67 years









3.1 Differential effect of chemotherapy on the expression of miRNAs in OC patients

In this study, we evaluated the expression of the selected miRNAs in the serum of chemo naïve OC patients and treated patients along with a control group of healthy women. Among these selected miRNAs; miR-182, miR-9, miR-130a, miR-200a and miR-106a act as oncomiRs, while miR-433, miR-145, miR-20a, miR-23b and miR-365 are considered as tumor suppressor miRNAs. The serum expression of miR-182 was downregulated in both groups of OC patients, chemo-naive (p = 0.0005) and chemo-treated (p = 0.0378), compared with healthy controls. However, the expression of miR-182 was significantly high (p = 0.0460) in the serum of patients treated with chemotherapy compared to chemo-naive OC patients (Figure 1A).

[image: Graphs showing normalized expression levels of various miRNAs in serum and tissue across different chemotherapy conditions. Panels A and B show data for healthy controls, chemo naive, and treated serum samples, with colors representing each group. Panels C, D, and E detail miRNAs miR-182, miR-130a, and miR-20a, respectively, with expression changes over chemotherapy cycles CT0 to CT3. Panel F shows data for tissue expression in chemonaive and treated patients. Panel G compares expression across paired samples of serum and tissue. Statistically significant differences are indicated with asterisks.]
Figure 1 | Relative levels of miRNAs in serum of patients with ovarian cancer and healthy women (A) Oncogenic miRNAs miR-182, miR-130a, miR-106a and miR-200a (B) Tumor suppressor miR-433, miR-145 and miR-20a. Relative levels of (C) miR-182, (D) miR-130a, and (E) miR-20a in paired serum samples collected from chemo-naive and post-chemotherapy cycle follow-up time points in ovarian cancer patients (n = 16). (F) The relative miRNA levels in tumor tissues of chemo naive and chemotherapy-treated ovarian cancer patients. (Data are presented as Mean ± SEM) (G) Wilcoxon paired analysis between serum and tissue specimens from each individual ovarian cancer patient. *p < 0.05, **≤0.01, ***≤0.001.

To further investigate these observations, we collected follow-up serum specimens from patients at intervals of every chemotherapy cycle up to 3rd cycle. The expression of miR-182 was not altered significantly at different intervals although a trend of upregulation is evident in the serum collected during their follow-up (Figure 1C). In tumor tissues there was a significant decrease in miR-182 expression (p = 0.0304) of patients treated with three cycles of chemotherapy compared to chemo naive patients (Figure 1F). There are several reports of miR-182 which acts as an oncomiR in different cancers including OC. It is possible that miR-182 is released by normal cells in healthy women, and this release is suppressed by tumorigenesis. But after chemotherapy and reduction in tumor burden, the levels of miR-182 are again elevated in the serum. Hence, these results may be suggestive of a release of oncogenic miRNA-182 by the tumor cells upon treatment with chemotherapy.

Similarly, the expression of oncogenic miR-130a (p = 0.0171) and miR-200a (p = 0.0381) (Figure 1A) was significantly lower in the serum of chemo naive OC patients compared to healthy women. In the follow-up group of patients, the expression of miR-130a (Figure 1D) was significantly increased upon treatment with chemotherapy. The expression of oncogenic miR-106a was lower in the serum of both groups of OC patients compared to healthy women (p = 0.0098, p = 0.0019), suggesting chemotherapy does not affect its expression/release (Figure 1A), while there is a significant impact on the expression of miR-182 and miR-130a.

In the case of miR-433, a higher level of serum expression was evident in chemo-naive patients compared to healthy controls (p = 0.0372) (Figure 1B). However, its expression was not significantly altered in the serum (Figure 1B) as well as tissue (Supplementary Figure S2B) of the treated group of patients. The expression of miR-145 (p = 0.0406) and miR-20a (p = 0.0025) (Figure 1B) was higher in the serum of chemo-treated patients compared to healthy women. miR-20a expression is also higher (p = 0.0470) in chemo-treated compared to chemo naïve patients (Figure 1B). Also, in the follow-up group of patients, the expression of miR-20a is elevated post-chemotherapy (Figure 1E). In the tumor tissues of chemo-treated OC patients, the expression of miR-9 (p = 0.0443) and miR-23b (0.0433) was significantly reduced compared to that of chemo naïve patients (Figure 1F). These results suggest further elevation of miRNAs specifically miR-145 and miR-20a expression in serum, while expression of miR-9 and miR-23b was significantly reduced in tissues after chemotherapy.




3.2 Differential expression of miRNAs in paired serum and tissue specimens of OC patients.

The expression levels of these miRNAs were explored by Wilcoxon paired non-parametric analysis in the paired serum and tissue specimens obtained from each patient. We found elevated levels of miR-182, miR-130a, and miR-433 in the serum of OC patients compared to the tissue levels. Whereas the expression of miR-106a, miR-200a, miR-23b, and miR-365 was higher in the tissue specimens compared to serum levels (Figure 1G). Also, the serum expression of oncogenic miR-200a was positively correlated with its expression in the tissue specimens of OC (Figure 2A).

[image: Graph A shows a significant positive correlation between serum and tissue expression of miR-200a (r = 0.4727, p = 0.0003). Graph B depicts normalized tissue expression of miR-182, miR-20a, and miR-106a across FIGO stages. Graph C presents serum expression of miR-182, miR-145, miR-200a, and miR-23b based on the presence or absence of metastatic ascites. Graph D shows serum levels of miR-130a and miR-23b, and Graph E displays tissue expression of miR-433 and miR 145, both stratified by metastasis status. Statistically significant differences are marked by asterisks.]
Figure 2 | (A) Correlation of miR-200a expression in paired serum and tissue specimens of ovarian cancer patients (B) The difference between miRNA levels in tumor tissue of patients based on FIGO stage (C) Comparison of relative serum miRNA levels of patients with the presence or absence of metastatic cells in their ascitic fluid. Comparison between patients with presence or absence of lymph node metastasis (D) relative serum miRNA levels and (E) relative tissue miRNA levels (Data are presented as Mean ± SEM). *p < 0.05.




3.3 Association of miRNA levels with clinicopathological characteristics



3.3.1 Severity of the disease

The severity and progression of the disease are reported with the stage of the disease, presence of lymph node metastasis, dissemination of tumor cells or spheroids (clusters of tumor cells) in the peritoneal cavity, etc. We divided the patients based on these clinicopathological features and evaluated the expression level of the miRNAs under investigation. We observed that the expression of miR-182, miR-106a, and miR-20a was significantly upregulated in the tissues of OC patients diagnosed at an advanced stage compared to that of patients with FIGO stage I or II of the disease (Figure 2B).

A unique feature of OC is the accumulation of ascites in the peritoneal cavity. This ascites can carry tumor cells or spheroids that are detached from the primary tumor and can contribute to the peritoneal spread of the disease. The serum expression of four miRNAs, miR-182, miR-145, miR-200a, and miR-23b, was upregulated in patients who had the presence of metastatic cells in their ascites (Figure 2C). Similarly, the presence or absence of lymph node metastasis is a crucial factor that can affect the prognosis. In our study, the serum expression of miR-130a and miR-23b were lower in patients that had a presence of lymph node metastasis (Figure 2D). Similarly, two miRNAs, miR-433 and miR-145 were significantly reduced in the tissue of patients with lymph node metastasis (Figure 2E). These results suggest elevated expression of oncomiRs (miR-182, miR-106a) while a decrease in the expression of tumor suppressor miRs (miR-433 and miR-145) in tissues of patients at advanced stage or with lymph node metastasis.




3.3.2 Chemo response score

The prognosis of OC is dependent on factors like the spread and resectability of the disease, residual tumor burden post-surgery, and response to the chemotherapeutic drugs. One of these factors, i.e. the response of tumor cells to the chemotherapeutic regimen, can be estimated by the Histopathologist by estimating the extent of necrotic tumor tissue and is scored as CRS 1 (minimal or no response to chemotherapy) and CRS 2 (Good response to chemotherapy). The serum expression of miR-182 and miR-130a was lower in patients who had a poor response to chemotherapy (Figure 3A). Whereas, the tissue expression of miR-106a and miR-23b was lower in patients with a good response to chemotherapy (Figure 3B).

[image: Box and violin plots showing normalized expression of selected miRNAs in serum and tissue from ovarian cancer patients. Panels A and B display box plots for miR-182, miR-130a, miR-106a, and miR-23b, comparing Chemotherapy Response Scores (CRS 1 vs. CRS 2) using distinct colors and patterns. Panels C and D show violin plots for miR-182, miR-23b, miR-106a, miR-9, and miR 200a, illustrating differences between early and late relapse groups. Panel E includes a correlation table showing associations between CA-125 levels and tissue expression of various miRNAs. Statistically significant differences are indicated with asterisks.]
Figure 3 | Comparison of miRNA expression levels in patients divided into two groups based on chemo response score (A) serum levels, (B) tissue levels. Comparison of miRNA expression levels in two groups of ovarian cancer patients in the (C) serum, and (D) tissue specimens based on early or late relapse of the disease (Data are presented as Mean ± SEM). (E) Correlation analysis of miRNA expression levels with serum CA-125 levels of ovarian cancer patients. *p < 0.05.




3.3.3 Relapse of the disease

Among the women included in our study, 42 patients suffered from a relapse of the disease. Based on the median months of progression-free intervals (20 months), we divided patients into two groups, early and late relapse. OC patients with significantly lower expression of three miRNAs, miR-182, miR-106a, and miR-200a in their tumor tissues had a late relapse compared to patients with higher expression. Inversely, patients with higher miR-9 levels in their tissues had a late relapse of the disease (Figure 3C). The expression of miR-182 and miR-23b was elevated in the serum of patients with a late relapse of the disease (Figure 3D).





3.4 Association of clinicopathological characteristics with the survival of OC patients

The correlation analysis of the clinical parameters of OC patients with the miRNA expression levels revealed that tissue levels of miR-182, miR-130a, miR-433, miR-365 and miR-20a were positively correlated with the CA-125 levels of the patients (Figure 3E). Patients with lower CA-125 levels had better progression-free survival (PFS) than those with higher CA-125 levels (p = 0.0325) (Figure 4C).

[image: Kaplan-Meier plots depict progression-free survival percentages over 80 months for different conditions. Plot A compares chemo naive versus treated patients. Plot B contrasts FIGO stages I & II with III & IV. Plot C examines low versus high CA-125 levels. Plot D evaluates absent versus present lymph node metastasis. Each graph includes median progression-free survival times and hazard ratios.]
Figure 4 | Kaplan Meier curves displaying the association of (A) mode of treatment, (B) FIGO Stage of the disease, (C) serum levels of CA-125 and (D) presence or absence of lymph node metastasis in ovarian cancer patients and their respective progression-free survival.

The Kaplan-Meier analysis was utilized to evaluate the association of prognosis with clinicopathological parameters. OC patients with a follow-up of <6 months were excluded from the analysis. The median overall survival (OS) time was 33 months (range 8–58 months), while the median PFS time was 20 months (range 7–58 months). Upon analysis, we found that the PFS of OC patients was not significantly different based on the treatment mode (Figure 4A). However, the timing of diagnosis was found to be a crucial factor influencing PFS, according to the study’s findings. The PFS of OC patients with (FIGO) stage I & II was significantly better compared to patients diagnosed with (FIGO) stage III & IV of the disease (p = 0.0066) (Figure 4B). These results emphasize the need for early detection of OC for ensuring better survival outcomes. On the other hand, patients with lymph node metastasis had a significantly lower PFS (p = 0.0408) compared to patients whose lymph nodes were negative for tumor cells (Figure 4D). Kaplan–Meier survival analyses were also performed to investigate the association between miRNA expression levels and survival outcomes. Patients were stratified into high and low expression groups for each miRNA in the panel. However, none of the miRNAs showed statistically significant correlations with progression-free survival and overall survival (Supplementary Tables S2, S3).




3.5 Diagnostic performance of individual and combined miRNAs

Receiver operating characteristic (ROC) curve analysis was performed to assess the diagnostic utility of the selected miRNAs. Among the ten miRNAs included in this study, miR-182, miR-106a, and miR-23b showed significant diagnostic performance with AUC values of 0.701, 0.662, and 0.614, respectively (Figure 5A). To evaluate whether a combination of these miRNAs could enhance diagnostic accuracy, we constructed a composite ROC curve using miR-182, miR-106a, and miR-23b. This combined panel showed improved diagnostic performance, yielding an AUC of 0.743 with a sensitivity of 81.6% and specificity of 60.5% (Figure 5B).

[image: Panel A shows combined ROC curves for miR-182, miR-106a, and miR-23b, with corresponding AUC, sensitivity, and specificity values. Panel B displays the combined ROC curve for the same microRNAs with an AUC of 0.743, sensitivity of 0.816, and specificity of 0.605.]
Figure 5 | Receiver operating characteristic (ROC) curves for miR-182, miR-106a, and miR-23b. (A) Individual ROC curves representing the diagnostic performance of each miRNA. (B) Combined ROC curve comparing all three miRNAs on a single plot.




3.6 Multivariate Cox proportional hazards analysis

We performed a multivariate Cox proportional hazards regression analysis to evaluate the association between miRNA expression and progression-free survival (PFS), adjusting for the clinicopathological covariates. For the serum levels of ten selected miRNAs and progression-free survival (PFS) in ovarian cancer patients, the model included 78 patients with 41 progression events. Among the miRNAs tested, miR-130a was significantly associated with shorter PFS (Hazard Ratio [HR] = 0.64, 95% CI: 0.46–0.90, p = 0.010). Additionally, miR-200a showed a trend toward significance (p = 0.060). Among clinical variables, FIGO stage III (HR = 3.70, 95% CI: 1.24–11.03, p = 0.019) and FIGO stage IV (HR = 34.38, 95% CI: 2.99–395.33, p = 0.005) were independently associated with worse PFS, compared to stage I. Statistically significant associations were not observed for age, CA-125 levels, lymph node metastasis, presence of metastatic cells in ascites, or chemotherapy response score. The model showed a concordance index of 0.729, indicating good discriminative ability (Table 3).


Table 3 | Multivariate Cox proportional hazards model assessing the association of serum miRNA expression and clinical variables with progression-free survival (PFS) in ovarian cancer patients.
	Variable
	Hazard ratio (HR)
	95% C.I.
	P value
	Significance



	miR-130a
	0.64
	0.46 - 0.90
	0.010
	*


	miR-182
	0.95
	0.78 - 1.14
	0.564
	ns


	miR-433
	0.90
	0.77 - 1.05
	0.179
	ns


	miR-145
	1.11
	0.88 - 1.40
	0.377
	ns


	miR-9
	0.98
	0.86 - 1.11
	0.695
	ns


	miR-20a
	0.96
	0.84 - 1.09
	0.540
	ns


	miR-23b
	1.04
	0.94 - 1.16
	0.423
	ns


	miR-200a
	1.50
	0.98 - 2.29
	0.060
	ns


	miR-365
	1.08
	0.93 - 1.26
	0.325
	ns


	miR-106a
	0.99
	0.92 - 1.07
	0.803
	ns


	Age
	1.02
	0.98 - 1.06
	0.270
	ns


	Treatmentmode: Adjuvantvs. Neo-adjuvant
	0.50
	0.15 - 1.71
	0.270
	ns


	FIGO-Stage 2 vs Stage 1
	0.61
	0.05 - 7.30
	0.698
	ns


	FIGO-Stage 3 vs. Stage 1
	3.70
	1.24 - 11.03
	0.019
	*


	FIGO-Stage 4 vs. Stage 1
	34.38
	2.99 - 395.33
	0.005
	**


	CA-125 levels
	1.00
	0.99 - 1.00
	0.840
	ns


	Lymph node metastasis
	1.20
	0.48 - 3.01
	0.690
	ns


	Presence of metastatic cells in ascites
	0.86
	0.39 - 1.90
	0.703
	ns


	Chemo response score (Good vs poor)
	0.78
	0.33 - 1.89
	0.587
	ns





*≤ 0.05, ** ≤ 0.01, ns- not significant.



Similarly, we evaluated the association of tissue miRNA expression and clinical variables with progression-free survival (PFS) in ovarian cancer patients using multivariate Cox proportional hazards modelling. The analysis included 65 patients, among whom 34 PFS events were observed. Model performance was acceptable, with a concordance index of 0.74, indicating good discriminative ability. In this model, only miR-20a expression in tumor tissue was significantly associated with shorter PFS (Hazard Ratio [HR] = 1.13, 95% CI: 1.01–1.28, p = 0.040). None of the other nine miRNAs showed statistically significant associations with PFS. Among clinical variables, FIGO stage IV demonstrated a strong trend toward significance (HR = 6.81, 95% CI: 0.95–48.56, p = 0.056), as did lymph node metastasis (HR = 2.28, 95% CI: 0.95–5.48, p = 0.066), and miR-106a (HR = 1.15, 95% CI: 0.98–1.35, p = 0.097). Other variables, including age, CA-125 levels, treatment mode, and presence of metastatic cells in ascites, were not significantly associated with PFS in this model (Table 4).


Table 4 | Multivariate Cox proportional hazards model evaluating the association of tissue miRNA expression and clinical variables with progression-free survival (PFS) in ovarian cancer patients.
	Variable
	Hazard ratio (HR)
	95% C.I.
	P value
	Significance



	miR-130a
	1.07
	0.89 - 1.27
	0.474
	ns


	miR-182
	0.82
	0.65 - 1.05
	0.110
	ns


	miR-433
	0.96
	0.79 - 1.18
	0.694
	ns


	miR-145
	0.98
	0.88 - 1.10
	0.740
	ns


	miR-9
	0.98
	0.92 - 1.05
	0.649
	ns


	miR-20a
	1.13
	1.01 - 1.28
	0.040
	*


	miR-23b
	0.98
	0.88 - 1.08
	0.666
	ns


	miR-200a
	1.05
	0.96 - 1.15
	0.284
	ns


	miR-365
	0.96
	0.87 - 1.06
	0.434
	ns


	miR-106a
	1.15
	0.98 - 1.35
	0.097
	ns


	AGE
	1.01
	0.96 - 1.05
	0.793
	ns


	Treatment mode: Adjuvantvs. Neo-adjuvant
	1.69
	0.63 - 4.55
	0.297
	ns


	FIGO Stage 2 vs Stage 1
	1.015
	0.090 – 11.405
	0.9907
	ns


	FIGO-Stage 3 vs. Stage 1
	2.33
	0.80 - 6.83
	0.123
	ns


	FIGO-Stage 4 vs. Stage 1
	6.81
	0.95 - 48.56
	0.056
	ns


	CA-125 levels
	1.00
	1.00 - 1.00
	0.572
	ns


	Lymph node metastasis
	2.28
	0.95 - 5.48
	0.066
	ns


	Presence of metastatic cells in ascites
	1.16
	0.50 - 2.69
	0.736
	ns


	Chemo response score (Good vs poor)
	1.71
	0.59 - 4.92
	0.319
	ns





*≤ 0.05, ns- not significant.







4 Discussion

Ovarian cancer is a complicated disease with distinct molecular and biological characteristics. Despite of the successful treatment with first-line chemotherapy, a substantial number of patients develop recurrence of the disease and chemoresistance. miRNAs are key players in the development of chemoresistance. These small non-coding RNAs can be actively secreted into the circulation by tumor cells, and their levels tend to change with a reduction in tumor burden after surgical resection or after chemotherapeutic treatment, making them potential biomarkers for evaluating disease progression (27). Also, chemotherapy can influence miRNA export through several mechanisms, such as KRAS-dependent miRNA sorting into exosomes (13). Chemotherapeutic agents may disrupt this process by altering KRAS signaling, leading to changes in exosomal miRNA composition. These alterations may shift the circulating miRNA profile.

In our study, we observed altered serum miRNA expression patterns in women diagnosed with OC. Specifically, oncogenic miRNAs such as miR-182, miR-130a, miR-106a, and miR-200a were downregulated, while tumor suppressor miRNAs, including miR-433, miR-145, and miR-20a, were upregulated. These results are indicative of a tumor driven mechanism in which cells selectively release tumor suppressor miRNAs to promote oncogenic growth. Similar observation has been reported in non-small cell lung cancer, where oncogenic miRNAs are preferentially retained within tumor cells, and their release is suppressed during tumorigenesis (28). The selective release of miRNAs may occur through several mechanisms, including exosomal transport, where miRNAs are packaged into vesicles and secreted from the cell; active export mediated by RNA-binding proteins such as Argonaute 2 (Ago2); or passive release from tumor cells undergoing stress, damage, or cell death (29, 30).

The diagnostic potential of circulating miRNAs in ovarian cancer has gathered increasing interest due to their stability and detectability in body fluids. In our Receiver Operating Curve analysis (ROC), miR-182, miR-106a, and miR-23b demonstrated moderate individual diagnostic accuracy, with miR-182 yielding the highest individual discriminatory power (AUC = 0.701). Diagnostic performance improved when the three miRNAs were combined, achieving an AUC of 0.743 with a sensitivity of 81.6% and specificity of 60.5%. However, the moderate specificity highlights the need for further refinement and validation in larger cohorts.

miR-182 is of particular interest, as it is one of the eight miRNAs that controlled 89% of the miRNA-associated genes of the mesenchymal subtype in the TCGA (The Cancer Genome Atlas) data (31). Increased levels of miR-182 have been observed in several ovarian cancer cell lines compared to normal ovarian surface epithelium (32). Similarly, elevated expression of miR-182 in ovarian cancer (OC) tissues, relative to normal ovarian tissue, has been reported to promote cell proliferation, invasion, and chemoresistance (33). While elevated miR-9 expression in the tissues promotes epithelial-to-mesenchymal transition in OC (26). The reduced expression of miR-182 and miR-9 observed in chemo treated patients in our study may therefore reflect a treatment-induced suppression of these oncogenic miRNAs.

Further, we assessed the expression of these oncogenic miRNAs in relation to key clinical variables, including disease stage, presence of metastasis in ascitic or peritoneal fluid, timing of relapse (early or late), and chemotherapy response score, in both tumor tissues and serum samples. The survival rate of OC is about 93% for women diagnosed at an early stage, which drops to 30% upon late diagnosis (34). In our study, around 63% of patients were diagnosed at an advanced stage. These advanced-stage patients had comparatively higher levels of oncogenic miR-182, miR-20a, and miR-106a in the tumor tissues. Elevated miR-106a expression can modulate proliferation and is associated with paclitaxel resistance in OC (20). Whereas overexpression of miR-182 targets genes involved in DNA repair and is associated with shorter overall survival of OC patients (35, 36). Elevated expression of miR-20a in tumor tissues of advanced-stage ovarian cancer patients has been shown to reduce the cytotoxic activity of natural killer (NK) cells by downregulating MICA/B expression (37). Although MICA/B levels are generally higher in ovarian cancer tissues compared to normal ovarian epithelium, their expression does not appear to change significantly in relapsed patients (38, 39). In our study, miR-20a expression in tumor tissues was significantly associated with shorter progression-free survival in the multivariate cox proportional hazards model, supporting previous studies implicating miR-20a in promoting oncogenic processes such as proliferation and chemoresistance (40, 41).

Additionally, we found elevated levels of oncogenic miRNAs like miR-182 and miR-200a in the serum of OC patients with the presence of metastatic cells in their ascites. Two studies support this finding as the overexpression of miR-200a in the serum is associated with metastasis, advanced stage, and progression of OC (42, 43). Conversely, the levels of tumor-suppressive miRNAs like miR-433 and miR-145 were significantly downregulated in the tissue of patients with the presence of lymph node metastasis. Downregulation of miR-433 inhibits its tumor-suppressive role and is associated with proliferation, metastasis and invasion in multiple cancers (21). Similarly, miR-145 is a key player in the regulation of cell migration and invasion in multiple cancers including OC (22).

Due to delayed diagnosis of OC, most of the patients are presented with metastasized disease making it challenging to achieve complete resection of the tumor. Hence, the effectiveness of the chemotherapeutic regimen plays a major role in the prognosis of OC. In our study, we report that the expression levels of oncogenic miRNAs like miR-182 and miR-130a were higher in the serum of patients with better chemo response score, potentially reflecting chemotherapy-induced release of these miRNAs from tumor tissue. miR-130a has been implicated in the pathogenesis of many cancers including OC and plays a vital role in the development of chemoresistance by acting as an intermediary in pathways such as Wnt/β-catenin, PI3K/Akt/PTEN/mTOR and NF-κB/PTEN (44). Notably, serum miR-130a was significantly associated with improved PFS, suggesting a potential tumor-suppressive role in the circulating compartment, consistent with its reported involvement in cell cycle regulation and apoptosis (44, 45).Overexpression of miR-182 is associated with poor prognosis of bladder, colorectal, and hepatocellular cancers (46–48). While higher expression of the miR-106 family was related to poor survival of colorectal cancer patients. We report that the expression of oncogenic miRNAs, miR-182, miR-106a, and miR-200a were elevated in the serum of patients with early relapse compared to those with late relapse. Lower miR-9 expression is associated with shorter survival of EOC (49). In our study also, lower miR-9 levels were evident in patients with an early relapse.

The expression levels of the miRNAs studied were not significantly associated with the overall survival of OC patients. The comparatively brief follow-up period may have impeded the prognostic studies. Other limitations of the study were the unavailability of adjacent healthy ovarian tissues (due to ethical issues) for comparison with tumor tissues and small sample sizes in certain sub groups like chemo response score and relapse, which may have limited statistical power. However, the merits of the study include a substantial patient cohort of a single subtype of OC and the availability of paired serum and tissue specimens. The study also highlights the effect of chemotherapy on the expression levels of both oncomiRs and tumor suppressor miRNAs and their probable roles in predicting the prognosis of the disease in OC patients from India. Possibly for the first time in an Indian cohort, this study also reports the expression of these miRNAs both in tumor tissues and serum. It examines their correlation with clinical parameters such as stage of the disease, presence of metastasis in ascites or peritoneal fluid, early or late relapse of the disease, and chemo response score, indicating their possible prognostic value in OC treatment. Notably, Indian OC patients may exhibit unique miRNA expression patterns compared to global cohorts. These differences could arise from the considerable genetic heterogeneity within the Indian population (50), along with distinct environmental, dietary, and lifestyle influences that differ from those in Western countries. Additionally, variations in tumor biology, clinical presentation, and epigenetic regulation may contribute to these distinct profiles (10). These findings emphasize the importance of region-specific studies to improve our understanding of the disease and enhance the clinical relevance of miRNA-based studies in diverse populations.



4.1 Conclusion

In conclusion, the study reiterates that the rate of early diagnosis of OC is very poor in the urban Indian population. We report the phenomenon of selective release of tumor suppressive miRs while retaining the oncogenic miRs within tumor cells to achieve higher proliferation rates. Elevated serum levels of oncogenic miR-182 and miR-130a were associated with chemotherapy response, suggesting their potential as predictive biomarkers. Similarly, elevated levels of miR-106a in patients with poor chemo response and early relapse suggest its role as an oncogenic miRNA. Our data also highlights the significance of miR-200a associated with the metastasis and poor prognosis of OC. Additionally, a combined panel of miR-182, miR-106a, and miR-23b demonstrated enhanced diagnostic performance, supporting their clinical utility. The expression of miR-130a in serum and miR-20a in tumor tissue emerged as independent predictors of progression free survival, underlining their potential as prognostic biomarkers. These observations emphasize the importance of region-specific biomarker studies and provide a foundation for further validation of these miRNAs in a larger cohort with longer follow-up periods to better understand their prognostic and predictive roles in ovarian cancer management.
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Supplementary Figure 3 | Comparison of relative miRNA levels in ovarian cancer patients grouped based on the presence or absence of metastatic cells in their ascitic fluid. (A) Serum miRNA levels (B) Tissue miRNA levels. (Data are presented as Mean ± SEM) * p < 0.05.

Supplementary Figure 4 | Comparison of relative miRNA levels in ovarian cancer patients grouped based on the presence or absence of lymph node metastasis. (A) Serum miRNA levels (B) Tissue miRNA levels. (Data are presented as Mean ± SEM) * p < 0.05.

Supplementary Figure 5 | Comparison of miRNA expression levels in patients divided into two groups based on chemo response score (A) serum levels, (B) tissue levels. (Data are presented as Mean ± SEM) * p < 0.05.

Supplementary Figure 6 | Comparison of miRNA expression levels in two groups of ovarian cancer patients in the (A) serum, and (B) tissue specimens based on early or late relapse of the disease. (Data are presented as Mean ± SEM) * p < 0.05.

Supplementary Figure 7 | Relative fold change in the expression of serum miRNAs in chemonaive and chemotreated ovarian cancer patients in comparison to women enrolled as healthy controls. (Data are presented as Mean ± SEM) * p < 0.05.

Supplementary Figure 8 | Receiver Operating Characteristics (ROC) curves for (A) miR-130a, (B) miR-433, (C) miR-145, (D) miR-9, (E) miR-20a, (F) miR-200a, and (G) miR-365. * p < 0.05.

Supplementary Figure 9 | Kaplan Meier curves displaying the association of (A) mode of treatment, (B) FIGO Stage of the disease, (C) serum levels of CA-125 and (D) presence or absence of lymph node metastasis in ovarian cancer patients and their respective overall survival. * p < 0.05.
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miR-182-5p forward 5-GTTTGGCAATGGTAGAACTCA-3’
miR-433-3p forward 5-CATGATGGGCTCCTCG-3’
miR-145-5p forward 5-GTCCAGTTTTCCCAGGAATC-3’

miR-106a-5p forward 5-GAAAAGTGCTTACAGTGCAG-3

miR-9-5p forward 5-GCAGTCTTTGGTTATCTAGCTG-3’
miR-200a-5p forward 5-TAACACTGTCTGGTAACGATGT-3’
miR-23b-3p forward 5-AGATCACATTGCCAGGGAT-3

miR-365a-3p forward 5-GCAGTAATGCCCCTAAAAATCC-3’

miR-130a-5p forward 5-GGCTCTTTTCACATTGTGC-3

miR-20a-5p forward 5-CGCAGTAAAGTGCTTATAGTG-3
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U6snRNA forward 5- CTCGCTTCGGCAGCACA-3
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