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High-Grade Serous Ovarian Carcinoma (HGSOC) represents the most prevalent and lethal subtype of ovarian cancer, with approximately 225,000 new cases reported globally each year and a five-year survival rate of merely 49.1%. The clinical management of HGSOC encounters substantial challenges, primarily attributable to its intricate drug resistance mechanisms, which involve multiple biological processes, including tumor cell heterogeneity, microenvironment remodeling, gene mutations, and drug efflux. This study systematically reviews the most recent advancements in HGSOC drug resistance research, concentrating on the molecular biological foundations of resistance mechanisms, innovative detection strategies, and potential therapeutic approaches. The research indicates that HGSOC drug resistance constitutes a complex process characterized by multifactorial interactions, involving aberrant cell signaling pathways, dynamic alterations in the tumor microenvironment, and specific expressions of molecular markers. In this review, we systematically analyzed and investigated the intricate biological behaviors associated with HGSOC drug resistance, which not only enhances the understanding of disease progression but also provides essential theoretical foundations for the development of more precise and effective targeted therapies. This review firstly illustrated the detailed drug resistance cellular and molecular mechanisms underlying HGSOC chemotherapy, which can pave the way for future studies in HGSOC drug resistance practices.
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1 Introduction

High-Grade Serous Ovarian Carcinoma (HGSOC) is the most prevalent and lethal subtype of ovarian cancer. According to data from the World Health Organization, approximately 225,000 new ovarian cancer cases are reported globally each year, with HGSOC accounting for the vast majority, and its mortality rate ranking among the highest of all gynecological malignancies (1). In the United States, data from the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute indicate that the five-year survival rate for ovarian cancer patients is merely 49.1% (2).

HGSOC is typically diagnosed at an advanced stage, a phenomenon that results in an extremely poor prognosis, as the absence of early diagnosis and effective treatment contributes to a continuous increase in mortality rates (3). The incidence of HGSOC varies significantly across diverse regions and populations. Epidemiological studies indicate that HGSOC constitutes 70% to 80% of all ovarian cancer cases (4). Despite increased research efforts on ovarian cancer in recent years, the five-year survival rate for HGSOC has demonstrated almost no significant improvement over the past thirty years, reflecting the complexity and challenges associated with its treatment (5).Globally, the impact of HGSOC is particularly severe, especially in developing countries, where many patients are diagnosed at advanced stages due to the absence of effective screening and early diagnostic methods (4). In certain regions, the mortality rate of HGSOC can reach as high as 70% (6). Consequently, establishing effective screening and early diagnostic strategies is crucial for reducing mortality rates associated with HGSOC.

The clinical manifestations of HGSOC are typically not apparent in the early stages, with patients potentially experiencing non-specific symptoms such as abdominal distension, abdominal pain, decreased appetite, and weight changes, which render early diagnosis particularly challenging. Patients with advanced HGSOC frequently present with severe symptoms, including ascites, gastrointestinal symptoms, and systemic weakness, which significantly impact the quality of life of patients (7). Factors contributing to the late-stage diagnosis of HGSOC include the absence of effective screening methods, the subtlety of early symptoms, and patients' tendency to overlook these symptoms. Therefore, early diagnosis is essential for enhancing patient prognosis.

The standard treatment protocol for HGSOC typically involves combination chemotherapy utilizing platinum-based drugs (such as cisplatin or carboplatin) in conjunction with paclitaxel. While this chemotherapy regimen demonstrates favorable response rates in most patients, the emergence of drug resistance remains a primary challenge (8). Initial treatment response rates are typically high; however, approximately 70% of patients experience recurrence, indicating chemotherapy resistance (8). The mechanisms of drug resistance in HGSOC are complex, involving multiple factors, including alterations in the tumor microenvironment, genetic mutations, and drug efflux mechanisms. The emergence of drug resistance significantly reduces the survival rates of HGSOC patients, particularly following recurrence, where patient prognosis is generally poor. The majority of HGSOC patients experience recurrence following initial treatment, with a recurrence rate as high as 70% (9). This elevated recurrence rate complicates the treatment of HGSOC. Future research should concentrate on elucidating the mechanisms underlying HGSOC recurrence and identifying novel therapeutic strategies to enhance patient prognosis and survival rates. Comprehending the mechanisms of drug resistance is essential for enhancing treatment outcomes. Through comprehensive research into resistance mechanisms, researchers can establish a theoretical foundation for the development of novel therapies, ultimately improving patient prognosis. By investigating drug resistance, new biomarkers and therapeutic targets can be identified, thereby providing a basis for personalized treatment and ultimately enhancing patient outcomes. Through interdisciplinary collaboration that integrates knowledge and technologies from various disciplines, research progress in HGSOC can be advanced, yielding new insights and directions for future treatment strategies.

In this review, we firstly described the cellular and molecular mechanisms involved in drug resistance in HGSOC, and summarized the novel diagnostic and therapeutic strategies for detection and treatment of drug resistance in HGSOC, shedding light on the future pre-clinical and clinical investigations targeting HGSOC.




2 Biological basis of drug resistance in HGSOC

The molecular subtypes of High-Grade Serous Ovarian Carcinoma (HGSOC) primarily include proliferative, immunoreactive, stromal, and differentiated subtypes, which exhibit significant differences in gene expression, prognosis, and treatment response. For instance, the stromal subtype is generally associated with a poorer prognosis, whereas the immunoreactive subtype exhibits improved survival rates (10, 11).

Through integrated multi-omics data analysis, researchers have discovered that the molecular characteristics of HGSOC differ not only at the genomic level but also display unique alterations at the transcriptomic and epigenetic levels. These differences in molecular features reflect the distinct biological behaviors of tumor cells and their varied responses to treatment, suggesting the clinical necessity of developing personalized treatment strategies based on molecular subtypes.

Different molecular subtypes of HGSOC also exhibit significant variations in clinical manifestations. Clinical studies have shown that patients with the stromal subtype generally present with more advanced disease at diagnosis and have a poorer prognosis, whereas patients with the immunoreactive subtype may be diagnosed at earlier stages and tend to respond more favorably to standard treatments (12).

Furthermore, the tumor microenvironment (TME) of HGSOC displays distinct characteristics across various subtypes. For instance, the degree of immune cell infiltration and the activity of cancer-associated fibroblasts (CAFs) demonstrate significant variations among subtypes, which may potentially impact treatment efficacy and patient prognosis (13).

Therefore, understanding the clinical manifestations and biological characteristics of various subtypes is essential for developing effective treatment strategies. By implementing molecular subtyping in clinical practice, more precise prognostic assessments and personalized treatment plans can be provided for patients, thereby improving the overall survival rates and quality of life for HGSOC patients.



2.1 p53 mutation

The p53 gene is one of the most frequently mutated genes in human cancers, with a mutation rate exceeding 50%. In various tumor types, p53 mutations not only result in the loss of its tumor suppressor function but may also confer new oncogenic functions to the mutated p53, a phenomenon termed “gain-of-function” (GOF) (14). In HGSOC, the p53 mutation rate exceeds 96%, underscoring its significance in this cancer type (15, 16). The elevated mutation rate in HGSOC reflects the complexity of its biological characteristics and tumor microenvironment. These mutations not only impact tumor cell survival and proliferation but may also influence the tumor's metastatic potential and treatment response. Consequently, p53 mutations are regarded as important biomarkers for HGSOC, potentially providing new diagnostic and therapeutic targets for clinical practice (17).

The p53 protein plays a crucial role in cell cycle regulation and apoptosis. The normal p53 protein can inhibit tumor development by inducing cell cycle arrest and promoting apoptosis. The mutated p53 protein often loses its ability to regulate the G1/S and G2/M checkpoints, not only permitting tumor cells to continue proliferating under DNA damage or other stress conditions but also potentially promoting tumor growth and metastasis by activating other oncogenic pathways and altering the tumor microenvironment to enhance invasiveness and metastatic potential (18, 19). The presence of p53 mutations in HGSOC is associated with poor patient prognosis, and the type of mutation and expression pattern may influence the tumor's biological behavior and chemotherapy resistance (18). Furthermore, the mutated p53 protein may further influence the apoptosis process through interactions with other signaling pathways, increasing tumor cell resistance to chemotherapy and radiotherapy (20, 21). Comprehensive research into the mechanisms of p53 mutations in HGSOC is of great significance for developing new therapeutic strategies. Therefore, treatment approaches targeting p53 mutations, such as restoring its normal function or employing synthetic lethality strategies, may offer new directions for HGSOC treatment.




2.2 Tumor microenvironment characteristics

The mechanisms of drug resistance in HGSOC are complex and diverse, and recent studies have demonstrated a close association between its molecular characteristics and drug resistance. The application of single-cell RNA sequencing (scRNA-seq) technology has revealed a specific cisplatin-resistant cell subpopulation (E0) in HGSOC, which is linked to poor prognosis. E0 cells display malignant characteristics related to drug resistance and promote tumor cell growth through interactions with fibroblasts and endothelial cells, while simultaneously suppressing immune cell infiltration (22).

Furthermore, EZH2, a key component of the Polycomb Repressive Complex 2 (PRC2), is closely linked to drug resistance in HGSOC. Research has shown that in HGSOC with a deficiency of tumor-infiltrating lymphocytes, EZH2 expression in cisplatin-resistant tumors is nearly twice that of normal tumors (23). The tumor microenvironment (TME) in HGSOC also plays a critical role in drug resistance. Alterations in cancer-associated fibroblasts and immune cells within the tumor microenvironment can significantly influence HGSOC progression and treatment response. Furthermore, intercellular interactions and activated signaling pathways within the tumor microenvironment influence the chemotherapeutic response and drug resistance. Research indicates that the HGSOC tumor microenvironment displays significant molecular alterations that are closely linked to tumor cell drug resistance (24).

The high intratumoral heterogeneity (ITH) in HGSOC results in diverse molecular characteristics at different stages, consequently affecting its sensitivity and resistance to chemotherapy (25). The relationship between molecular characteristics and drug resistance in HGSOC constitutes a complex network involving multiple molecular pathways and cellular interactions. Therefore, further exploration of how these molecular features influence treatment responses in HGSOC may yield more precise clinical treatment strategies.

The composition and structure of the tumor microenvironment directly influence drug delivery efficiency. The abnormal extracellular matrix and tumor vasculature surrounding tumor cells result in uneven drug distribution within the tumor, thereby reducing the effective drug concentration (26, 27). The TME of HGSOC comprises multiple cell types and matrix components that interact and influence tumor growth and drug resistance. The primary components include tumor cells, cancer-associated fibroblasts (CAFs), immune cells such as macrophages, T cells, and B cells, vascular endothelial cells, and extracellular matrix (ECM) components.

CAFs play a critical role in tumor progression and drug resistance by secreting growth factors and cytokines that promote tumor cell proliferation and migration. Simultaneously, they significantly influence immune cell function, thereby creating an immunosuppressive environment that further enhances drug resistance (28). The distribution of immune cells within the tumor microenvironment is equally significant. Immunosuppressive cells, such as regulatory T cells and M2 macrophages, can suppress anti-tumor immune responses, thereby facilitating tumor growth and drug resistance (29, 30). These cells actively contribute to creating a protective ecosystem that shields tumor cells from therapeutic interventions (31).

Furthermore, immune cells in the tumor microenvironment can potentially influence drug metabolism and elimination by releasing specific cytokines and chemical substances, thereby exacerbating drug resistance mechanisms (32–34). The complex interactions among CAFs, immune cells, and tumor cells create a dynamic microenvironment that continuously challenges therapeutic effectiveness, illustrating the intricate cellular and molecular networks that contribute to treatment resistance in high-grade serous ovarian cancer (35).

Cancer stem cells (CSCs) are a population of tumor cells with self-renewal and differentiation potential; in HGSOC, they are regarded as one of the primary causes of drug resistance and recurrence. These cells can survive chemotherapy and regenerate tumors, resulting in treatment failure (36). Furthermore, HGSOC tumor stem cells can evade chemotherapeutic drugs through multiple mechanisms, such as enhancing DNA repair capabilities and upregulating the expression of drug efflux pumps (22).

Tumor stem cells in HGSOC typically express specific markers such as CD133, ALDH, and OCT4, which are closely linked to tumor invasiveness and drug resistance. The presence of tumor stem cells is directly correlated with chemotherapy resistance in HGSOC, and these cells can evade drug effects through multiple mechanisms (37–39). The relationship between HGSOC tumor stem cell markers and drug resistance is primarily reflected in their self-renewal capacity and resistance to chemotherapeutic drugs. For instance, high expression of ALDH1 is correlated with tumor stem cell characteristics and closely linked to drug resistance. The expression levels of these markers may serve as potential biomarkers for predicting drug resistance in HGSOC patients (28).

In our comprehensive exploration of HGSOC drug resistance mechanisms, we identified a complex and diverse biological foundation involving abnormalities in multiple cellular signaling pathways and alterations in the tumor microenvironment. These factors not only influence tumor cell responses to chemotherapeutic drugs but also play a critical role in patient clinical prognosis. Drug resistance is not attributed to a single factor; rather, it results from the interaction of multiple biological mechanisms. We have illustrated the contributing factors of HGSOC drug resistance in Figure 1 and presented the various molecular subtypes and clinical prognostic characteristics of HGSOC in the TCGA database in Table 1 (40).




Figure 1 | The main biological basis for inducing resistance to HGSOC. In this image, we describe the roles of key gene mutations, critical signaling pathways, and tumor microenvironment interactions as the main biological mechanisms involved in the resistance of HGSOC. We have provided a detailed description of the content included in the image in the corresponding text. HGSOC, High-Grade Serous Ovarian Cancer; p53, Tumor Protein p53; EZH2, Enhancer of Zeste Homolog 2.




Table 1 | Transcriptional subtypes and clinical characteristics of HGSOC.







3 Major mechanisms of drug resistance in HGSOC

Drug resistance is not merely a biological phenomenon; rather, it presents a critical challenge in clinical treatment. The mechanisms of drug resistance in HGSOC encompass multiple pathways, including drug efflux, cell membrane transport, DNA damage repair, the role of non-coding RNAs, and the impact of the tumor microenvironment on immune escape. This diversity renders the phenomenon of drug resistance exceedingly complex, necessitating the adoption of multidimensional analytical and strategic approaches in both research and clinical applications.



3.1 Drug efflux and cell membrane transport

Cell membrane transporters play a pivotal role in drug uptake. By mediating the entry of drug molecules, these transporters significantly influence drug bioavailability and therapeutic efficacy. Different types of transporters exhibit varying affinities and specificities for drugs, resulting in differences in the absorption efficiency of identical drugs across various cell types. For instance, certain anticancer drugs enter HGSOC cells via specific transporters, and the expression levels of these transporters may vary due to tumor-induced drug resistance (41).Drug-resistant cells typically exhibit the overexpression of transporters, leading to increased drug efflux and reduced intracellular drug concentrations (42). Furthermore, functional changes in transporters may be associated with alterations in the tumor microenvironment, thereby affecting tumor cell survival and proliferation. By regulating transporter activity, drug accumulation in tumor cells can be enhanced, thereby improving therapeutic efficacy (43, 44).

Alterations in cell membrane transporter expression significantly impact drug uptake. ATP-binding cassette (ABC) transporters actively expel drugs by utilizing ATP, thereby reducing intracellular drug concentrations and contributing to the development of drug resistance (45). In HGSOC, drug-resistant cells frequently exhibit the overexpression of transporters, resulting in increased drug efflux and decreased intracellular drug concentrations, thereby diminishing drug efficacy. This indicates that the upregulation of ABC transporters is closely associated with chemotherapy resistance in HGSOC. For example, ABCB1 transporters are frequently upregulated in HGSOC cells, resulting in increased resistance to multiple chemotherapeutic agents. High expression of ABCA1 is regarded as a marker of poor prognosis in HGSOC patients, suggesting its significant role in the development of drug resistance (45). Simultaneously, the expression of ABCB1 and ABCC1 significantly increases in drug-resistant HGSOC cells, and the elevated expression of these transporters is closely associated with shortened patient survival and poor chemotherapy response (46). Additionally, the transcriptional fusion forms of ABCB1 transporters are closely associated with drug resistance in HGSOC cells. Alterations in the expression of these transporters not only affect drug uptake but may also lead to metabolic changes, further promoting tumor progression (47).

Therefore, understanding the mechanisms of action of transporters is crucial for optimizing drug design and enhancing therapeutic efficacy. Intervention strategies targeting transporters may represent a novel approach to overcoming HGSOC drug resistance. In summary, targeted therapy against these transport proteins may yield new insights into overcoming HGSOC drug resistance, and further research into their expression mechanisms and functions will facilitate the development of more effective treatment strategies.




3.2 DNA damage repair

Research on drug resistance mechanisms in HGSOC is gradually revealing the phenomenon of tumor cell reprogramming in DNA repair pathways. HGSOC cells counteract chemotherapy-induced DNA damage by activating alternative DNA repair mechanisms (1, 48). Homologous Recombination Deficiency (HRD) plays a critical role in HGSOC drug resistance, rendering tumor cells more sensitive to DNA-damaging agents such as platinum compounds and PARP inhibitors. This heightened sensitivity primarily arises from the cells' lack of effective DNA repair mechanisms. The BRCA1 and BRCA2 genes are particularly crucial for DNA damage repair in HGSOC, especially in the Homologous Recombination Repair (HRR) mechanism. The loss of BRCA1 and BRCA2 leads to the impairment of homologous recombination repair functions, rendering tumor cells unable to effectively repair DNA damage, consequently causing genomic instability and tumor progression (32).

When these cells experience DNA damage, they cannot repair it through the HRR pathway, leading to cell death (49). Research demonstrates that HRD cells exhibit significantly increased cell death rates when treated with platinum chemotherapy or PARP inhibitors, indicating that HRD is a significant predictor of treatment response (50). Studies reveal that tumor cells with BRCA1/2 deficiencies exhibit high sensitivity to PARP inhibitors, a phenomenon termed “synthetic lethality,” meaning that inhibiting PARP in a BRCA-deficient background results in tumor cell death (51). Consequently, BRCA gene mutations are not only critical pathogenic factors in HGSOC but also therapeutic targets.

However, as treatment progresses, tumor cells may acquire drug resistance through various mechanisms. For instance, research shows that HRD tumor cells, after platinum treatment, may evade drug effects by restoring HRR functionality or upregulating multi-drug resistance-related genes (52, 53). Despite HRD rendering HGSOC cells sensitive to certain treatments, resistance mechanisms gradually emerge during therapy. Studies have found that HRD cells may develop drug resistance by recovering homologous recombination repair functionality, typically involving reverse mutations in BRCA1/2 genes or mutations in other DNA repair genes (54).

Furthermore, changes in the tumor microenvironment, intercellular signaling, and gene expression alterations can also promote the development of resistance. Reverse mutations in BRCA genes represent a critical mechanism of PARP inhibitor resistance. As treatment progresses, tumor cells in some HGSOC patients may restore BRCA functionality through mutations, thereby regaining homologous recombination repair capabilities. These reverse mutations enable tumor cells to resist PARP inhibitors, resulting in treatment failure (55). Research indicates that BRCA1/2 gene reverse mutations not only affect the DNA repair abilities of tumor cells but may also impact their sensitivity to other treatments (56). Additionally, some studies suggest that tumor cells enhance PARP inhibitor resistance by upregulating the activity of the PI3K/Akt pathway (57). Tumor cells develop PARP inhibitor resistance through various mechanisms, including gene mutations, epigenetic modifications, and alterations in signaling pathways. For instance, research has found that tumor cells may reduce intracellular PARP inhibitor concentrations by upregulating multi-drug resistance-related genes or evade drug effects by altering cell cycle regulatory mechanisms (58).

In HGSOC, the activation of alternative repair mechanisms is a critical component of drug resistance. Research reveals that platinum-resistant HGSOC cells often exhibit suppression of Homologous Recombination (HR) repair pathways, while alternative repair mechanisms, such as Non-Homologous End Joining (NHEJ), are activated (59). This enhancement of alternative repair mechanisms enables tumor cells to effectively repair DNA damage, thereby evading the cytotoxic effects of chemotherapeutic agents. For instance, overexpression of EHMT1 and EHMT2 is associated with PARP inhibitor resistance, as they influence gene expression by modulating the methylation status of histone H3, thereby promoting tumor cell survival and proliferation (60).

Single-cell RNA sequencing has revealed specific drug-resistant cell subpopulations in HGSOC that promote their growth and drug resistance through interactions with fibroblasts and endothelial cells in the tumor microenvironment (22). These findings provide new insights into understanding HGSOC resistance mechanisms and point toward future therapeutic strategies. The specific molecular characteristics of HRD tumor cells, such as TP53 mutations and genomic instability, further enhance their sensitivity to DNA-damaging agents. Consequently, HRD is not only a critical feature of tumor biology but also a key consideration in clinical treatment strategies.




3.3 Apoptosis and autophagy

In the apoptotic pathways of tumor cells and HGSOC cells, key proteins such as the Bcl-2 family, p53, and caspases play crucial roles (61). The interactions among these proteins form a complex network that regulates tumor cell survival and apoptosis. Bcl-2 family proteins regulate apoptosis by modulating mitochondrial outer membrane permeability, with the relative expression levels of Bcl-2 and Bax determining cell survival or death (62). In tumor cells and HGSOC cells, overexpression of the anti-apoptotic protein Bcl-2 can inhibit apoptotic signals, thereby enhancing tumor cell resistance to chemotherapeutic agents (63).

p53, as a tumor suppressor, promotes apoptosis by inducing the expression of apoptosis-related genes, particularly in cases of DNA damage (64). However, in tumor cells, mutations or inactivation of p53 prevent effective responses to DNA damage, leading to reduced sensitivity to chemotherapeutic agents (65). Caspases, as executioners of apoptosis, participate in signal transduction during apoptosis, activating a series of downstream effector molecules that ultimately lead to cell death (66). In tumor cells and HGSOC cells, reduced caspase activity can impair the execution of apoptosis, thereby rendering tumor cells resistant to treatment (67). Functional abnormalities of these key proteins often lead to the development of drug resistance, causing HGSOC patients to frequently experience poor treatment outcomes with standard therapies.

Autophagy plays a dual role in the drug resistance of tumor cells and HGSOC. On one hand, autophagy can maintain cellular metabolic balance and survival by clearing damaged organelles and proteins, thereby promoting tumor cell survival and drug resistance in certain contexts (68). Conversely, autophagy can also inhibit tumor cell growth by promoting apoptosis (69). Therefore, the activity and regulatory state of autophagy significantly impact tumor cell drug resistance.

The interaction between autophagy and apoptosis is particularly complex in tumor cells and HGSOC cells. Studies have shown that autophagy can influence survival by regulating the expression of apoptosis-related proteins (70). For instance, autophagy activation may lead to Bcl-2 degradation, thereby promoting apoptosis (71). Furthermore, autophagy can enhance apoptotic signal transmission by clearing apoptosis signal inhibitors, thus facilitating tumor cell death (72).

The interaction between autophagy and apoptosis significantly impacts drug efficacy. Research indicates that autophagy activation may enhance drug resistance in tumor cells during chemotherapy, as autophagy can clear drug-induced cellular damage, thereby protecting tumor cell survival (73). Conversely, inhibiting autophagy can enhance the effects of chemotherapeutic agents and promote tumor cell apoptosis. Therefore, combining autophagy inhibitors with chemotherapeutic agents may improve treatment outcomes for HGSOC. Understanding this interaction provides a critical theoretical basis for developing new therapeutic strategies.




3.4 Epigenetic modifications

In recent years, research has demonstrated that epigenetic modifications play a crucial role in the drug resistance of HGSOC, including changes in DNA methylation, histone modifications, and non-coding RNA expression. Research has revealed that abnormal regulation of N6-methyladenosine (m6A) modification in HGSOC cells is closely associated with tumor occurrence and metastasis (74, 75). Furthermore, overexpression of histone lysine N-methyltransferases EHMT1 and EHMT2 is linked to PARP inhibitor resistance. These enzymes influence gene expression by regulating the methylation status of histone H3, thereby promoting tumor cell survival and proliferation (60). Additionally, KRAS gene amplification may be one reason for the resistance of BRCA2-deficient HGSOC to PARP inhibitors. The combined use of PLK1 inhibitors can restore sensitivity to PARP inhibitors, suggesting that epigenetic modifications may regulate drug resistance by affecting signaling pathways (32). Therefore, understanding these mechanisms of epigenetic modification will provide potential targets for developing new therapeutic strategies.

Furthermore, the activation of the mTOR signaling pathway is associated with the upregulation of FANCD2, which may regulate sensitivity to platinum-based drugs by affecting the expression of DNA crosslink repair proteins, thereby influencing drug resistance in HGSOC (76). These research findings demonstrate that epigenetic modifications play a crucial role not only in tumor occurrence and development but also in therapeutic resistance, providing new insights for future treatment strategies.




3.5 Non-coding RNAs

In the complex pathogenesis of High-Grade Serous Ovarian Carcinoma (HGSOC), multiple non-coding RNAs (ncRNAs) play crucial regulatory roles (77, 78). Non-coding RNAs primarily include microRNAs (miRNAs), long non-coding RNAs (lncRNAs), and circular RNAs (circRNAs). These non-coding RNAs perform important biological functions within cells, including regulating gene expression and participating in cell proliferation, differentiation, and apoptosis (79). Research indicates that the expression levels of non-coding RNAs in HGSOC are closely associated with tumor occurrence, development, and response to chemotherapy (77, 80, 81). In HGSOC, non-coding RNAs such as miRNAs, lncRNAs, and circRNAs regulate tumor occurrence and development through various mechanisms.

MicroRNAs (miRNAs) play a crucial role in post-transcriptional regulation by binding to target gene mRNAs, inhibiting their translation or promoting their degradation (80, 81). miRNAs directly influence drug resistance in High-Grade Serous Ovarian Carcinoma (HGSOC) by regulating genes associated with drug metabolism, apoptosis, and DNA repair. The upregulation of certain miRNAs is associated with platinum drug resistance in HGSOC cells, which may be related to the expression levels of their target genes (82). miRNAs such as miR-16, miR-17, and miR-93 have been found to be closely related to chemotherapeutic responses in HGSOC and can predict patient sensitivity to chemotherapy (83, 84).

Some lncRNAs promote tumor cell proliferation and metastasis by regulating gene transcription and translation (85). Furthermore, lncRNAs have been found to be closely associated with HGSOC drug resistance, with certain lncRNAs promoting tumor cell survival and drug resistance by modulating the tumor microenvironment and cell signaling pathways (86). Additionally, lncRNAs and circRNAs participate in HGSOC biological processes through various mechanisms, influencing tumor cell growth and drug resistance (87).

circRNA as a novel non-coding RNA, has gradually revealed its functions in High-Grade Serous Ovarian Carcinoma (HGSOC). Research has discovered that circRNA can regulate target gene expression by competitively binding to miRNAs, thereby influencing tumor cell biological behaviors (87). Simultaneously, circRNA also plays a role in drug resistance through competitive miRNA binding, altering target gene expression and consequently affecting drug resistance (88). Therefore, in-depth research on the role of non-coding RNAs in the mechanisms of HGSOC drug resistance can help develop new therapeutic strategies and improve patient treatment outcomes.

When summarizing the diversity and complexity of drug resistance mechanisms in High-Grade Serous Ovarian Carcinoma (HGSOC), it is evident that drug resistance is not merely a biological phenomenon but a critical challenge in clinical treatment. The drug resistance mechanisms of HGSOC involve various pathways, including gene mutations, epigenetic alterations, regulation of cell signaling pathways, and influences from the tumor microenvironment. This diversity renders drug resistance extremely complex, necessitating multi-dimensional analytical and strategic approaches in both research and clinical applications. The primary drug resistance mechanisms of HGSOC are illustrated in Figure 2.




Figure 2 | Primary Drug Resistance Mechanisms in HGSOC. In this figure, we describe the mechanisms by which drug transport and efflux pathways, homologous recombination repair pathways, apoptosis and autophagy pathways, epigenetic pathways, and non-coding RNA pathways influence the resistance of HGSOC. We have provided a detailed description of the content included in the image in the corresponding text. HGSOC, High-Grade Serous Ovarian Cancer; p53, Tumor Protein p53; HRD, Homologous Recombination Deficiency; HRR, Homologous Recombination Repair; ABC transporter, ATP-Binding Cassette transporter; Bcl-2, B-cell lymphoma 2.







4 Detection and diagnostic strategies for HGSOC drug resistance

HGSOC is a highly aggressive and drug-resistant tumor, making research into its drug resistance mechanisms crucial for improving patient prognosis. In recent years, as the understanding of HGSOC drug resistance mechanisms has deepened, related molecular markers and companion diagnostic strategies have gradually become important components of clinical management.

Homologous recombination deficiency (HRD) caused by BRCA1/2 gene mutations leads to resistance to platinum-based chemotherapeutic agents, a phenomenon particularly evident in HGSOC (54). The presence of BRCA1/2 mutations is closely associated with patient responses to platinum-based chemotherapy, with mutated patients typically showing good initial treatment responses that gradually develop resistance over time (89). Therefore, detecting BRCA1/2 mutations can help predict patient chemotherapy responses and guide subsequent treatment strategies, such as the use of PARP inhibitors and other targeted therapies. BRCA1/2 detection has become an important component of personalized treatment for HGSOC patients, contributing to optimized clinical decision-making and improved patient survival rates.

The Homologous Recombination Deficiency (HRD) Score is a tool for predicting cancer patients' chemotherapy responses by assessing genomic instability (90). The HRD score reflects cancer cells' deficiencies in DNA repair, with particularly significant correlations to platinum-based chemotherapy resistance in HGSOC. Research indicates that patients with high HRD scores typically demonstrate better responses to platinum-based chemotherapy and longer survival periods (91). Furthermore, the HRD score can be used to screen patients suitable for PARP inhibitor treatment (92). By evaluating the HRD score, clinicians can develop more personalized treatment plans, thereby improving therapeutic outcomes. The clinical application of HRD scoring has gradually become an important method for detecting drug resistance in HGSOC, providing patients with more treatment options (93).

Tumor Mutation Burden (TMB), defined as the number of mutations per million base pairs in tumor cells, has been recognized in recent years as an important biomarker for predicting responses to immunotherapy (94). In HGSOC, TMB is closely associated with patient prognosis and responses to immune checkpoint inhibitors. Research has found that patients with high TMB typically exhibit better responses to immunotherapy and longer survival periods (95). TMB detection can help identify patients who may benefit from immunotherapy, especially in cases of resistance to platinum-based chemotherapy (96). Furthermore, combining TMB with HRD scoring can provide clinicians with more comprehensive patient information, thereby optimizing treatment plans and improving patient survival rates and quality of life (97).

With the in-depth investigation of drug resistance mechanisms in HGSOC, the discovery of emerging biomarkers provides novel insights into managing resistance. For instance, miRNAs associated with chemotherapy resistance, such as miR-23a-3p and miR-181c-5p, have been found to influence patient prognosis (82). The potential application of these emerging markers lies in their ability to serve as early predictors of drug resistance, enabling clinicians to adjust treatment strategies in a timely manner and improve patient survival rates and quality of life. Furthermore, specific gene mutations and epigenetic alterations may be associated with HGSOC drug resistance, offering new therapeutic targets for future treatment strategies (98). In the research on drug resistance mechanisms of HGSOC, studies focusing on specific drug-resistant proteins and exosomal markers have gradually gained prominence. For instance, amplification of the CCNE1 gene is closely associated with resistance to PARP inhibitors and platinum-based agents (99). Furthermore, miRNAs and proteins within exosomes are considered critical biomarkers of drug resistance, capable of reflecting the drug-resistant state and microenvironmental changes in tumors (84). These marker studies provide novel insights into HGSOC drug resistance and offer potential clinical biomarkers for monitoring resistance and guiding therapeutic strategies. The clinical prospects for novel drug resistance biomarkers in HGSOC are promising, and with a deeper understanding of resistance mechanisms, individualized treatment strategies based on these markers can be developed in the future. A drug resistance prediction model based on miRNA expression profiles may become a crucial tool in clinical practice, helping physicians select the most appropriate treatment plan (100). Furthermore, by integrating emerging genomics and transcriptomics technologies, a more comprehensive assessment of patient drug resistance status can be achieved, thereby realizing the goal of precision medicine (101).

Traditional tissue biopsy remains a critical tool in HGSOC drug resistance research (102). Its primary advantage lies in providing direct tumor tissue samples, allowing pathologists to conduct detailed morphological and molecular biological analyses, thereby establishing a basis for individualized treatment plans (103). However, traditional tissue biopsy also presents significant drawbacks, including high invasiveness, patient discomfort, and insufficient sample representation (104). Moreover, due to tumor heterogeneity, a biopsy from a single site may not represent the entire tumor's biological characteristics, potentially leading to misinterpretation of treatment responses, especially when tumor cells metastasize or develop drug resistance. Therefore, biopsy results must be interpreted cautiously in clinical applications.

With the development of liquid biopsy technology, the indications for tissue biopsy are gradually being reconsidered. For patients with multiple metastases or significant tumor heterogeneity, liquid biopsy may provide more comprehensive biological information (105). Thus, when selecting a biopsy method, it is necessary to comprehensively consider the patient's specific conditions and tumor characteristics to ensure accurate diagnosis and effective treatment strategies. Liquid biopsy, as an emerging detection technique, offers the advantages of non-invasiveness and real-time monitoring (105). By analyzing circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), and exosomes in blood or other bodily fluids, liquid biopsy can provide real-time information about dynamic changes in tumors (106). This method not only reduces patient suffering but also enables timely reflection of tumor responses to treatment, helping physicians adjust treatment plans and improve therapeutic outcomes. The application of liquid biopsy in monitoring HGSOC drug resistance is increasingly widespread. Studies have shown that detecting specific mutations in ctDNA can effectively predict patient resistance to chemotherapy and targeted therapy (107, 108). Additionally, liquid biopsy can monitor changes in tumor burden, providing clinicians with timely feedback to optimize treatment strategies. Compared to traditional tissue biopsy, liquid biopsy demonstrates higher sensitivity and specificity in monitoring drug resistance, better accommodating tumor heterogeneity.

Multi-omics detection methods combine technologies such as genomics, transcriptomics, and proteomics, offering new perspectives for investigating the mechanisms of HGSOC drug resistance (109, 110). These methods can comprehensively analyze tumor molecular characteristics, revealing interactions between different omics levels and providing a basis for individualized treatment. By integrating diverse omics data, researchers can identify drug resistance-related biomarkers, subsequently optimizing treatment plans and improving patient survival rates. In multi-omics detection, the combination of next-generation sequencing (NGS), polymerase chain reaction (PCR), and immunohistochemistry (IHC) provides powerful tools for investigating the mechanisms of HGSOC drug resistance. NGS enables high-throughput detection of genomic mutations in tumors, PCR is used to verify specific gene expressions, and IHC can assess protein expression levels (16, 111). The integration of these technologies enhances detection sensitivity and accuracy while providing more comprehensive biological information about tumors, promoting the development of individualized treatment.

In conclusion, the mechanisms of HGSOC drug resistance are complex and diverse, involving the application of multiple molecular biomarkers and detection technologies. By comprehensively evaluating biomarkers such as BRCA1/2 mutations, HRD scores, TMB, and liquid biopsy, clinicians can develop better individualized treatment plans, improving patient survival rates and quality of life. Future research should continue exploring emerging biomarkers and their potential applications in monitoring drug resistance to further improve treatment outcomes for HGSOC patients. The primary HGSOC drug resistance detection biomarkers and their related clinical information are summarized in Table 2.


Table 2 | Key biomarkers in HGSOC and information on resistance and prognosis.






5 Therapeutic advances in overcoming resistance in HGSOC

In recent years, treatment strategies for overcoming HGSOC drug resistance have continuously advanced, encompassing multiple aspects, including combination chemotherapy, targeted therapy, personalized treatment, immunotherapy, and emerging epigenetic and oncolytic virus therapies.

The standard treatment protocol for HGSOC typically involves the combined use of platinum drugs (such as cisplatin or carboplatin) with paclitaxel (116). This combination therapy has been widely applied clinically, aiming to improve patients' progression-free survival (PFS) and overall survival (OS). Research indicates that platinum drugs interfere with DNA synthesis and repair mechanisms, leading to cancer cell death, while paclitaxel stabilizes microtubules, preventing cell division and thereby enhancing chemotherapeutic effects (117, 118). However, approximately 20% of HGSOC patients exhibit intrinsic resistance to this standard chemotherapy regimen, resulting in poor treatment outcomes and compromised prognosis (80, 119).

Chemotherapy effectiveness is influenced by multiple factors, including drug dosage, administration protocols, and timing. Dose-intensive chemotherapy typically increases tumor response rates but is accompanied by higher risks of toxicity. Protocols using higher doses of platinum drugs combined with paclitaxel can partially overcome tumor resistance to drugs and improve patient survival prognosis (120). However, balancing treatment efficacy and toxicity risks requires further investigation. The interval between drug administrations also significantly impacts chemotherapy effectiveness; frequent administration within short periods may decrease patient tolerance, while prolonged intervals might provide tumor cells with opportunities for regrowth (121). Therefore, designing individualized administration protocols is crucial for improving HGSOC chemotherapy success rates.



5.1 Traditional protocols

Research on chemotherapy drug resistance has led to new breakthroughs in HGSOC treatment. The mechanisms of drug resistance reversal agents primarily involve regulating signaling pathways related to the cell cycle, apoptosis, and autophagy. These studies provide a theoretical foundation for developing new reversal agents. PDZ-binding kinase (PBK) is closely associated with HGSOC chemotherapy resistance, with its overexpression linked to both chemotherapy resistance and poor prognosis. PBK promotes autophagy by activating the ERK/mTOR signaling pathway, thereby enhancing resistance to platinum drugs (122). TTK protein kinase, a critical cell cycle regulatory factor, shows potential in enhancing sensitivity to platinum drugs in HGSOC cells. Inhibition of TTK interferes with cell cycle progression, increases cell apoptosis, and consequently improves sensitivity to chemotherapeutic drugs (123).

Additionally, PARP inhibitors (PARPi) demonstrate significant clinical efficacy in BRCA-mutated patients (124), but emerging resistance limits their long-term effectiveness (125), Patients may develop resistance through multiple mechanisms, such as secondary BRCA gene mutations or restoration of DNA repair pathways (126). Combination therapy using PARP and ATR inhibitors has shown promising results in clinical trials, particularly in platinum-resistant HGSOC patients (127).

Angiogenesis inhibitors work by blocking tumor neovascularization, thereby limiting tumor growth and metastasis. VEGF pathway inhibitors, such as bevacizumab, have demonstrated potential benefits for HGSOC patients, though resistance remains a challenge (128, 129). Signaling pathway inhibitors, such as MEK inhibitors, have been studied to enhance HGSOC chemosensitivity, significantly increasing cytotoxicity against drug-resistant HGSOC cells when combined with platinum drugs (130, 131).




5.2 Emerging protocols

By analyzing patients’ tumor molecular characteristics, more precise treatment strategies can be developed. Based on genomic sequencing and transcriptome analysis, researchers can identify biomarkers associated with drug resistance. Patient-derived organoid (PDO) technology can simulate tumor growth environments in vitro, providing more reliable experimental foundations for personalized treatment (132).

In recent years, tumor vaccines have gradually attracted attention as a new immunotherapeutic strategy for HGSOC. Research has found that HGSOC tumor cells can activate immune responses by expressing specific antigens (133). Tumor antigen vaccines and dendritic cell vaccines stimulate T-cell activation and proliferation, enhancing the body’s immune surveillance of tumor cells (134, 135). However, the complex tumor microenvironment of HGSOC presents challenges for the clinical application of vaccines, with tumor-associated macrophages and other immunosuppressive cells potentially inhibiting vaccine-induced immune responses (136). Future research needs to explore optimizing vaccine design and effectively overcoming the immune suppression of the tumor microenvironment.

Cell therapy, as an emerging immunotherapeutic strategy, shows promising potential in HGSOC treatment. CAR-T cell therapy uses genetic engineering to transform patients’ T cells into cells capable of specifically identifying tumor cells, thereby enhancing anti-tumor capabilities (137). CAR-T cell therapy has achieved significant success in other cancer types and is gradually being applied to HGSOC research, with preliminary results showing good efficacy in certain patients (138–140). However, the effectiveness of CAR-T cell therapy is influenced by the tumor microenvironment, and overcoming tumor immune escape mechanisms remains a key focus for future research (141).

Emerging epigenetic therapies provide new insights into HGSOC resistance. Epigenetic modifications, such as DNA methylation, histone acetylation, lactylation, and RNA m6A and m5C modifications, are considered crucial in the occurrence of HGSOC and drug resistance (74). For instance, DNA methyltransferases (DNMT) are typically overexpressed in HGSOC cells, and their inhibitors, such as demethylating drugs (like azacitidine and decitabine), have shown potential therapeutic effects in preclinical studies (80, 142). Moreover, histone deacetylase (HDAC) inhibitors demonstrate anti-tumor activity against HGSOC cells, though clinical trials may encounter off-target effects (143). These epigenetic drugs can potentially reverse drug resistance in HGSOC cells by regulating gene expression, thus improving treatment outcomes.

Oncolytic virus therapy, an emerging cancer treatment approach, has garnered widespread attention in HGSOC research. Oncolytic viruses selectively infect and destroy tumor cells, inducing tumor cell death and activating host immune responses to enhance anti-tumor immunity (144). Studies indicate that oncolytic viruses can be combined with immune checkpoint inhibitors to further enhance the immune system’s attack on tumors (145). Additionally, epigenetic regulators might help tumor cells regain sensitivity to oncolytic viruses, achieving better therapeutic effects (146). Therefore, strategies that combine oncolytic viruses with immunotherapy and epigenetic treatments offer new possibilities for HGSOC treatment, warranting further exploration in future clinical research.

In conclusion, the mechanisms of HGSOC drug resistance are complex and diverse, involving multiple molecular markers and treatment strategies. By comprehensively evaluating combination chemotherapy, targeted therapy, personalized treatment, immunotherapy, and emerging therapies, clinicians can develop better individualized treatment plans, improving patient survival rates and quality of life. Future research should continue exploring emerging markers and their potential applications in monitoring drug resistance to further improve treatment outcomes for HGSOC patients. We have summarized existing and emerging treatment protocols in Table 3 to highlight the characteristics and application scenarios of different treatment strategies.


Table 3 | Existing and emerging treatment strategies for HGSOC.







6 Clinical translation and future directions

Multi-omics integrated analysis emerges as an innovative research approach, enabling an in-depth exploration of HGSOC drug resistance mechanisms across genomic, transcriptomic, and proteomic levels. By integrating data from different omics platforms, researchers can uncover biomarkers related to drug resistance and signaling pathways.

In HGSOC drug resistance research, integrating multiple omics datasets is particularly crucial. First, high-throughput sequencing technologies generate genomic and transcriptomic data, which, when combined with bioinformatics analysis, can identify mutations and expression changes associated with drug resistance (147). Additionally, proteomics applications can further validate the functional and clinical relevance of these molecular markers (109). By integrating these datasets, researchers can construct network models of the resistance mechanisms. For instance, using CRISPR-Cas9 technology to functionally validate specific genes can help confirm their roles in the drug resistance process (48). This multi-level integrated analysis not only enhances the understanding of resistance mechanisms but also provides theoretical foundations for personalized treatment strategies.

Integrated analysis of HGSOC drug resistance demonstrates broad prospects for clinical applications. By identifying drug resistance biomarkers, physicians can select treatment protocols more precisely, thereby improving patient survival rates and quality of life. Studies have shown that combining the ratios of CA125 and adiponectin levels can effectively predict patient resistance to platinum drugs, offering potential biomarkers for early resistance identification (148).

The application of big data is particularly critical in personalized HGSOC treatment. By analyzing patient genomic data and clinical characteristics, researchers can construct models for predicting drug resistance (149). These models can help physicians select the most appropriate treatment protocols and dynamically adjust them during the treatment process. For example, the DRDscore, based on multi-omics data, can effectively predict platinum drug resistance and guide clinical treatment (150).

The emergence of nanomedicine delivery systems offers new hope for overcoming drug resistance in HGSOC. These systems modify the physicochemical properties of drugs, increasing drug concentration at tumor sites and enhancing therapeutic effects (151). In HGSOC treatment, the types of nanocarriers are diverse, including liposomes, polymer nanoparticles, and inorganic nanoparticles, each with unique functions and applications (15, 152).

Nanocarriers can achieve selective drug release through both passive and active targeting mechanisms. Utilizing characteristics of the tumor microenvironment, such as acidic environments or excess glutathione, can significantly enhance drug accumulation in tumor cells while reducing toxicity to normal cells (153). Liposomes can effectively encapsulate water-soluble drugs, improving their pharmacokinetic properties, while polymer nanoparticles can achieve tumor-targeted delivery by modifying their surface properties (154). Research indicates that certain nanocarriers can enhance tumor cell endocytosis, improving cellular uptake of drugs and overcoming resistance (155). Designing and optimizing these nanocarriers is a current research focus aimed at improving treatment outcomes in HGSOC.

The emergence of CRISPR-Cas9 technology provides powerful tools for investigating the mechanisms of HGSOC drug resistance. Through gene editing, researchers can precisely knock out or activate genes associated with resistance, revealing their roles in HGSOC drug resistance. For instance, studies have discovered that certain anti-apoptotic genes are upregulated in HGSOC cells and are closely associated with chemotherapy resistance (156). Using CRISPR-Cas9 to edit these genes can help researchers better understand resistance mechanisms and provide a foundation for developing new treatment strategies.

Future research must focus on several key areas to address drug resistance in HGSOC. First, an in-depth investigation of the tumor microenvironment’s impact on resistance, particularly the interactions between immune and tumor cells, may provide insights for developing novel immunotherapies. Second, targeted therapies that address specific gene mutations or epigenetic changes will become crucial research directions, such as exploring the relationships between BRCA mutations and PARP inhibitor resistance. Finally, emerging technologies, such as single-cell sequencing and liquid biopsy, can provide more precise biomarkers for personalized treatment, improving therapeutic outcomes and reducing the risks of resistance.




7 Conclusion

This review summarizes the latest advances in drug resistance mechanisms and the clinical translation of High-Grade Serous Ovarian Carcinoma (HGSOC). As the most lethal subtype of ovarian cancer, the drug resistance mechanisms of HGSOC present complex and diverse characteristics, primarily involving tumor cell heterogeneity, dynamic microenvironment changes, and abnormal expression of specific molecular markers. Research indicates that the drug resistance mechanisms of HGSOC are closely associated not only with abnormal intracellular signaling pathways but also with complex interactions between fibroblasts and immune cells in the tumor microenvironment.

Specifically, the drug resistance mechanisms of HGSOC are primarily manifested in tumor cell heterogeneity, which leads to significant differences in drug response among various cell subpopulations. The existence of cisplatin-resistant cell subpopulations (E0) significantly impacts patient prognosis. Moreover, the close association between key molecular expressions, such as EZH2, and drug resistance further highlights their critical roles in these resistance mechanisms. Tumor microenvironment remodeling and hypoxic conditions are also considered key factors that influence drug resistance. The application of emerging technologies, such as single-cell RNA sequencing and liquid biopsy, in recent years has provided new biomarkers for monitoring HGSOC drug resistance, helping to identify resistant cell subpopulations and offering important foundations for personalized treatment.

In terms of treatment strategies, although existing chemotherapy protocols are somewhat effective, they still face limitations, such as drug resistance and side effects. Therefore, a comprehensive evaluation combining targeted therapy, immunotherapy, and emerging therapies can significantly improve the survival rates and quality of life of HGSOC patients. Research on HGSOC drug resistance not only provides crucial insights into tumor biology but also establishes a solid foundation for developing future treatment strategies. By delving into resistance mechanisms, researchers can identify new therapeutic targets and promote the development of novel treatment strategies.

The clinical significance of research on HGSOC drug resistance lies in providing scientific evidence for personalized treatment. By thoroughly understanding resistance mechanisms, clinicians can develop more precise treatment plans based on patients’ specific molecular characteristics, thereby significantly improving treatment outcomes. In-depth research on resistance will drive the development of new therapies, especially in the domains of targeted and immunotherapy. By identifying molecular markers associated with drug resistance, researchers can design more targeted treatment strategies to overcome existing limitations in treatment. However, the aforementioned HGSOC resistance mechanisms, and relevant biomarkers or drugs targeting reversing HGSOC drug resistance should be verified in future large patient cohort studies to examine efficiency and safety.

In HGSOC research, interdisciplinary collaboration is particularly important. Experts from biomedicine, molecular biology, and clinical medicine should work together to promote the close integration of basic research and clinical applications, ultimately achieving more effective treatment protocols. Future research should focus on advancing personalized treatment and precision medicine. By utilizing emerging technologies, such as single-cell sequencing and liquid biopsy, researchers can more accurately identify resistance mechanisms and biomarkers, providing HGSOC patients with more precise treatment plans and ultimately improving their prognosis and quality of life. In addition, future studies should focus more on addressing the multi-drug resistance (MDR) mechanisms and utilizing the cell or gene therapies to overcome MDR in cancer cells, which paves the way for the precision and personalized medicine for patients.





Author contributions

RF: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. RH: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Software, Validation, Writing – original draft. WL: Conceptualization, Formal Analysis, Investigation, Methodology, Software, Writing – original draft. XL: Conceptualization, Data curation, Formal Analysis, Investigation, Software, Writing – original draft. HZ: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft. FL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was funded by the Guiding Projects in Xinjiang production and construction corps (XPCC) (Grant No. 2022ZD033).




Acknowledgments

We thank all participants involved in the writing of this article and the various funds for their support. The images in this article were created using Biorender, website: https://BioRender.com.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Schwickert, J, Zickgraf, FM, and Sprick, MR. Therapy resistance on the RADar in ovarian cancer. EMBO Mol Med. (2021) 13:e14010. doi: 10.15252/emmm.202114010

2. Folsom, SM, Berger, J, Soong, TR, and Rangaswamy, B. Comprehensive review of serous tumors of tubo-ovarian origin: clinical behavior, pathological correlation, current molecular updates, and imaging manifestations. Curr Probl Diagn Radiol. (2023) 52:425–38. doi: 10.1067/j.cpradiol.2023.05.010

3. Punzon-Jimenez, P, Lago, V, Domingo, S, Simon, C, and Mas, A. Molecular management of high-grade serous ovarian carcinoma. Int J Mol Sci. (2022) 23. doi: 10.3390/ijms232213777

4. Labidi-Galy, SI, Papp, E, Hallberg, D, Niknafs, N, Adleff, V, Noe, M, et al. High grade serous ovarian carcinomas originate in the fallopian tube. Nat Commun. (2017) 8:1093. doi: 10.1038/s41467-017-00962-1

5. Li, X, Ding, Y, Liu, Y, and Yang, M. Differences between complex epithelial neoplasms of the ovary and high-grade serous ovarian cancer: a retrospective observational cohort study. J Ovarian Res. (2022) 15:125. doi: 10.1186/s13048-022-01063-4

6. Yan, J, Zhao, Y, Lin, F, Qu, J, Liu, Q, Pan, Y, et al. Monitoring the extracellular matrix remodeling of high-grade serous ovarian cancer with nonlinear optical microscopy. J Biophotonics. (2021) 14:e202000498. doi: 10.1002/jbio.202000498

7. Boehm, KM, Aherne, EA, Ellenson, L, Nikolovski, I, Alghamdi, M, Vazquez-Garcia, I, et al. Multimodal data integration using machine learning improves risk stratification of high-grade serous ovarian cancer. Nat Cancer. (2022) 3:723–33. doi: 10.1038/s43018-022-00388-9

8. van Zyl, B, Tang, D, and Bowden, NA. Biomarkers of platinum resistance in ovarian cancer: what can we use to improve treatment. Endocr Relat Cancer. (2018) 25:R303–18. doi: 10.1530/ERC-17-0336

9. Azzalini, E, Barbazza, R, Stanta, G, Giorda, G, Bortot, L, Bartoletti, M, et al. Histological patterns and intra-tumor heterogeneity as prognostication tools in high grade serous ovarian cancers. Gynecol Oncol. (2021) 163:498–505. doi: 10.1016/j.ygyno.2021.09.012

10. Lu, X, Ji, C, Jiang, L, Zhu, Y, Zhou, Y, Meng, J, et al. Tumour microenvironment-based molecular profiling reveals ideal candidates for high-grade serous ovarian cancer immunotherapy. Cell Prolif. (2021) 54:e12979. doi: 10.1111/cpr.12979

11. Zhang, Q, Wang, C, and Cliby, WA. Cancer-associated stroma significantly contributes to the mesenchymal subtype signature of serous ovarian cancer. Gynecol Oncol. (2019) 152:368–74. doi: 10.1016/j.ygyno.2018.11.014

12. Konecny, GE, Wang, C, Hamidi, H, Winterhoff, B, Kalli, KR, Dering, J, et al. Prognostic and therapeutic relevance of molecular subtypes in high-grade serous ovarian cancer. J Natl Cancer Inst. (2014) 106. doi: 10.1093/jnci/dju249

13. Wang, T, Tian, L, Wei, B, Li, J, Zhang, C, Long, R, et al. Effect of fibroblast heterogeneity on prognosis and drug resistance in high-grade serous ovarian cancer. Sci Rep. (2024) 14:26617. doi: 10.1038/s41598-024-77630-0

14. Niu, H, Zhu, Y, Wang, J, Wang, T, Wang, X, and Yan, L. Effects of USP7 on radiation sensitivity through p53 pathway in laryngeal squamous cell carcinoma. Transl Oncol. (2022) 22:101466. doi: 10.1016/j.tranon.2022.101466

15. Wallis, B, Bowman, KR, Lu, P, and Lim, CS. The challenges and prospects of p53-based therapies in ovarian cancer. Biomolecules. (2023) 13. doi: 10.3390/biom13010159

16. Cole, AJ, Dwight, T, Gill, AJ, Dickson, KA, Zhu, Y, Clarkson, A, et al. Assessing mutant p53 in primary high-grade serous ovarian cancer using immunohistochemistry and massively parallel sequencing. Sci Rep. (2016) 6:26191. doi: 10.1038/srep26191

17. Tuna, M, Ju, Z, Yoshihara, K, Amos, CI, Tanyi, JL, and Mills, GB. Clinical relevance of TP53 hotspot mutations in high-grade serous ovarian cancers. Br J Cancer. (2020) 122:405–12. doi: 10.1038/s41416-019-0654-8

18. Raab, M, Kostova, I, Pena-Llopis, S, Fietz, D, Kressin, M, Aberoumandi, SM, et al. Rescue of p53 functions by in vitro-transcribed mRNA impedes the growth of high-grade serous ovarian cancer. Cancer Commun (Lond). (2024) 44:101–26. doi: 10.1002/cac2.12511

19. Wu, NY, Huang, HS, Chao, TH, Chou, HM, Fang, C, Qin, CZ, et al. Progesterone prevents high-grade serous ovarian cancer by inducing necroptosis of p53-defective fallopian tube epithelial cells. Cell Rep. (2017) 18:2557–65. doi: 10.1016/j.celrep.2017.02.049

20. Mezzanzanica, D, Balladore, E, Turatti, F, Luison, E, Alberti, P, Bagnoli, M, et al. CD95-mediated apoptosis is impaired at receptor level by cellular FLICE-inhibitory protein (long form) in wild-type p53 human ovarian carcinoma. Clin Cancer Res. (2004) 10:5202–14. doi: 10.1158/1078-0432.CCR-03-0537

21. Bagnoli, M, Balladore, E, Luison, E, Alberti, P, Raspagliesi, F, Marcomini, B, et al. Sensitization of p53-mutated epithelial ovarian cancer to CD95-mediated apoptosis is synergistically induced by cisplatin pretreatment. Mol Cancer Ther. (2007) 6:762–72. doi: 10.1158/1535-7163.MCT-06-0357

22. Han, X, Gao, Y, Jiang, M, Li, Z, Guo, J, Li, Y, et al. Single-cell and spatial transcriptome sequencing uncover a platinum-resistant cluster overexpressed TACSTD2 in high-grade serous ovarian cancer. J Cancer. (2024) 15:3427–40. doi: 10.7150/jca.95269

23. Reid, BM, Vyas, S, Chen, Z, Chen, A, Kanetsky, PA, Permuth, JB, et al. Morphologic and molecular correlates of EZH2 as a predictor of platinum resistance in high-grade ovarian serous carcinoma. BMC Cancer. (2021) 21:714. doi: 10.1186/s12885-021-08413-3

24. Azzalini, E, Stanta, G, Canzonieri, V, and Bonin, S. Overview of tumor heterogeneity in high-grade serous ovarian cancers. Int J Mol Sci. (2023) 24. doi: 10.3390/ijms242015077

25. Hao, Q, Li, J, Zhang, Q, Xu, F, Xie, B, Lu, H, et al. Single-cell transcriptomes reveal heterogeneity of high-grade serous ovarian carcinoma. Clin Transl Med. (2021) 11:e500. doi: 10.1002/ctm2.500

26. Fukumura, D, and Jain, RK. Tumor microenvironment abnormalities: causes, consequences, and strategies to normalize. J Cell Biochem. (2007) 101:937–49. doi: 10.1002/jcb.21187

27. Seo, J, Do Yoo, J, Kim, M, Shim, G, Oh, YK, Park, RW, et al. Fibrinolytic nanocages dissolve clots in the tumor microenvironment, improving the distribution and therapeutic efficacy of anticancer drugs. Exp Mol Med. (2021) 53:1592–601. doi: 10.1038/s12276-021-00688-7

28. Chen, S, Yang, G, Shi, Q, Wan, N, Lin, R, Wang, L, et al. Frizzled 6 endows high-grade serous ovarian cancer with stem-like properties and chemoresistance. Mol Carcinog. (2024) 63:2001–12. doi: 10.1002/mc.23789

29. Gyori, D, Lim, EL, Grant, FM, Spensberger, D, Roychoudhuri, R, Shuttleworth, SJ, et al. Compensation between CSF1R+ macrophages and Foxp3+ Treg cells drives resistance to tumor immunotherapy. JCI Insight. (2018) 3. doi: 10.1172/jci.insight.120631

30. Liu, C, Chikina, M, Deshpande, R, Menk, AV, Wang, T, Tabib, T, et al. Treg cells promote the SREBP1-dependent metabolic fitness of tumor-promoting macrophages via repression of CD8(+) T cell-derived interferon-gamma. Immunity. (2019) 51:381–397 e386. doi: 10.1016/j.immuni.2019.06.017

31. Porta, C, Sica, A, and Riboldi, E. Tumor-associated myeloid cells: new understandings on their metabolic regulation and their influence in cancer immunotherapy. FEBS J. (2018) 285:717–33. doi: 10.1111/febs.14288

32. Gasimli, K, Raab, M, Tahmasbi Rad, M, Kurunci-Csacsko, E, Becker, S, Strebhardt, K, et al. Sequential targeting of PLK1 and PARP1 reverses the resistance to PARP inhibitors and enhances platin-based chemotherapy in BRCA-deficient high-grade serous ovarian cancer with KRAS amplification. Int J Mol Sci. (2022) 23. doi: 10.3390/ijms231810892

33. Horikawa, N, Abiko, K, Matsumura, N, Hamanishi, J, Baba, T, Yamaguchi, K, et al. Expression of vascular endothelial growth factor in ovarian cancer inhibits tumor immunity through the accumulation of myeloid-derived suppressor cells. Clin Cancer Res. (2017) 23:587–99. doi: 10.1158/1078-0432.CCR-16-0387

34. Micek, HM, Visetsouk, MR, Fleszar, AJ, and Kreeger, PK. The many microenvironments of ovarian cancer. Adv Exp Med Biol. (2020) 1296:199–213. doi: 10.1007/978-3-030-59038-3_12

35. Brown, Y, Hua, S, and Tanwar, PS. Extracellular matrix in high-grade serous ovarian cancer: Advances in understanding of carcinogenesis and cancer biology. Matrix Biol. (2023) 118:16–46. doi: 10.1016/j.matbio.2023.02.004

36. Kaipio, K, Chen, P, Roering, P, Huhtinen, K, Mikkonen, P, Ostling, P, et al. ALDH1A1-related stemness in high-grade serous ovarian cancer is a negative prognostic indicator but potentially targetable by EGFR/mTOR-PI3K/aurora kinase inhibitors. J Pathol. (2020) 250:159–69. doi: 10.1002/path.5356

37. Chesnokov, MS, Khan, I, Park, Y, Ezell, J, Mehta, G, Yousif, A, et al. The MEK1/2 pathway as a therapeutic target in high-grade serous ovarian carcinoma. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13061369

38. Wang, W, Fang, F, Ozes, A, and Nephew, KP. Targeting ovarian cancer stem cells by dual inhibition of HOTAIR and DNA methylation. Mol Cancer Ther. (2021) 20:1092–101. doi: 10.1158/1535-7163.MCT-20-0826

39. Fan, Q, Zhang, W, Emerson, RE, and Xu, Y. ZIP4 is a novel cancer stem cell marker in high-grade serous ovarian cancer. Cancers (Basel). (2020) 12. doi: 10.3390/cancers12123692

40. Chen, GM, Kannan, L, Geistlinger, L, Kofia, V, Safikhani, Z, Gendoo, DMA, et al. Consensus on molecular subtypes of high-grade serous ovarian carcinoma. Clin Cancer Res. (2018) 24:5037–47. doi: 10.1158/1078-0432.CCR-18-0784

41. Duda, JM, and Thomas, SN. Interactions of histone deacetylase 6 with DNA damage repair factors strengthen its utility as a combination drug target in high-grade serous ovarian cancer. ACS Pharmacol Transl Sci. (2023) 6:1924–33. doi: 10.1021/acsptsci.3c00215

42. Merino, V, Jimenez-Torres, NV, and Merino-Sanjuan, M. Relevance of multidrug resistance proteins on the clinical efficacy of cancer therapy. Curr Drug Delivery. (2004) 1:203–12. doi: 10.2174/1567201043334650

43. Chen, L, Wang, Y, Hu, Q, Liu, Y, Qi, X, Tang, Z, et al. Unveiling tumor immune evasion mechanisms: abnormal expression of transporters on immune cells in the tumor microenvironment. Front Immunol. (2023) 14:1225948. doi: 10.3389/fimmu.2023.1225948

44. Fan, J, To, KKW, Chen, ZS, and Fu, L. ABC transporters affects tumor immune microenvironment to regulate cancer immunotherapy and multidrug resistance. Drug Resist Update. (2023) 66:100905. doi: 10.1016/j.drup.2022.100905

45. Wang, W, Lokman, NA, Noye, TM, Macpherson, AM, Oehler, MK, and Ricciardelli, C. ABCA1 is associated with the development of acquired chemotherapy resistance and predicts poor ovarian cancer outcome. Cancer Drug Resist. (2021) 4:485–502. doi: 10.20517/cdr.2020.107

46. Marjamaa, A, Gibbs, B, Kotrba, C, and Masamha, CP. The role and impact of alternative polyadenylation and miRNA regulation on the expression of the multidrug resistance-associated protein 1 (MRP-1/ABCC1) in epithelial ovarian cancer. Sci Rep. (2023) 13:17476. doi: 10.1038/s41598-023-44548-y

47. Pishas, KI, Cowley, KJ, Pandey, A, Hoang, T, Beach, JA, Luu, J, et al. Phenotypic consequences of SLC25A40-ABCB1 fusions beyond drug resistance in high-grade serous ovarian cancer. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13225644

48. Silva, R, Glennon, K, Metoudi, M, Moran, B, Salta, S, Slattery, K, et al. Unveiling the epigenomic mechanisms of acquired platinum-resistance in high-grade serous ovarian cancer. Int J Cancer. (2023) 153:120–32. doi: 10.1002/ijc.34496

49. van Wilpe, S, Tolmeijer, SH, Koornstra, RHT, de Vries, IJM, Gerritsen, WR, Ligtenberg, M, et al. Homologous recombination repair deficiency and implications for tumor immunogenicity. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13092249

50. Stover, EH, Fuh, K, Konstantinopoulos, PA, Matulonis, UA, and Liu, JF. Clinical assays for assessment of homologous recombination DNA repair deficiency. Gynecol Oncol. (2020) 159:887–98. doi: 10.1016/j.ygyno.2020.09.029

51. Chiappa, M, Guffanti, F, Bertoni, F, Colombo, I, and Damia, G. Overcoming PARPi resistance: Preclinical and clinical evidence in ovarian cancer. Drug Resist Update. (2021) 55:100744. doi: 10.1016/j.drup.2021.100744

52. Takamatsu, S, Murakami, K, and Matsumura, N. Homologous recombination deficiency unrelated to platinum and PARP inhibitor response in cell line libraries. Sci Data. (2024) 11:171. doi: 10.1038/s41597-024-03018-4

53. Feng, Z, Shao, D, Cai, Y, Bi, R, Ju, X, Chen, D, et al. Homologous recombination deficiency status predicts response to platinum-based chemotherapy in Chinese patients with high-grade serous ovarian carcinoma. J Ovarian Res. (2023) 16:53. doi: 10.1186/s13048-023-01129-x

54. Patel, JN, Braicu, I, Timms, KM, Solimeno, C, Tshiaba, P, Reid, J, et al. Characterisation of homologous recombination deficiency in paired primary and recurrent high-grade serous ovarian cancer. Br J Cancer. (2018) 119:1060–6. doi: 10.1038/s41416-018-0268-6

55. Hu, D, Guo, E, Yang, B, Qin, X, Fu, Y, Fan, J, et al. Mutation profiles in circulating cell-free DNA predict acquired resistance to olaparib in high-grade serous ovarian carcinoma. Cancer Sci. (2022) 113:2849–61. doi: 10.1111/cas.15456

56. Ashworth, A. Drug resistance caused by reversion mutation. Cancer Res. (2008) 68:10021–3. doi: 10.1158/0008-5472.CAN-08-2287

57. Balsas, P, Palomero, J, Eguileor, A, Rodriguez, ML, Vegliante, MC, Planas-Rigol, E, et al. SOX11 promotes tumor protective microenvironment interactions through CXCR4 and FAK regulation in mantle cell lymphoma. Blood. (2017) 130:501–13. doi: 10.1182/blood-2017-04-776740

58. Dilmac, S, and Ozpolat, B. Mechanisms of PARP-inhibitor-resistance in BRCA-mutated breast cancer and new therapeutic approaches. Cancers (Basel). (2023) 15. doi: 10.3390/cancers15143642

59. Fuh, K, Mullen, M, Blachut, B, Stover, E, Konstantinopoulos, P, Liu, J, et al. Homologous recombination deficiency real-time clinical assays, ready or not? Gynecol Oncol. (2020) 159:877–86. doi: 10.1016/j.ygyno.2020.08.035

60. Watson, ZL, Yamamoto, TM, McMellen, A, Kim, H, Hughes, CJ, Wheeler, LJ, et al. Histone methyltransferases EHMT1 and EHMT2 (GLP/G9A) maintain PARP inhibitor resistance in high-grade serous ovarian carcinoma. Clin Epigenet. (2019) 11:165. doi: 10.1186/s13148-019-0758-2

61. Yokoyama, T, Kohn, EC, Brill, E, and Lee, JM. Apoptosis is augmented in high-grade serous ovarian cancer by the combined inhibition of Bcl-2/Bcl-xL and PARP. Int J Oncol. (2017) 50:1064–74. doi: 10.3892/ijo.2017.3914

62. Polster, BM, Kinnally, KW, and Fiskum, G. BH3 death domain peptide induces cell type-selective mitochondrial outer membrane permeability. J Biol Chem. (2001) 276:37887–94. doi: 10.1074/jbc.M104552200

63. Balakrishnan, K, and Gandhi, V. Bcl-2 antagonists: a proof of concept for CLL therapy. Invest New Drugs. (2013) 31:1384–94. doi: 10.1007/s10637-013-0002-4

64. Sadasivam, S, Gupta, S, Radha, V, Batta, K, Kundu, TK, and Swarup, G. Caspase-1 activator Ipaf is a p53-inducible gene involved in apoptosis. Oncogene. (2005) 24:627–36. doi: 10.1038/sj.onc.1208201

65. Sturm, I, Bosanquet, AG, Hermann, S, Guner, D, Dorken, B, and Daniel, PT. Mutation of p53 and consecutive selective drug resistance in B-CLL occurs as a consequence of prior DNA-damaging chemotherapy. Cell Death Differ. (2003) 10:477–84. doi: 10.1038/sj.cdd.4401194

66. Green, DR, and Kroemer, G. The pathophysiology of mitochondrial cell death. Science. (2004) 305:626–9. doi: 10.1126/science.1099320

67. Seervi, M, Sobhan, PK, Mathew, KA, Joseph, J, Pillai, PR, and Santhoshkumar, TR. A high-throughput image-based screen for the identification of Bax/Bak-independent caspase activators against drug-resistant cancer cells. Apoptosis. (2014) 19:269–84. doi: 10.1007/s10495-013-0921-8

68. Chen, Y, and Gibson, SB. Three dimensions of autophagy in regulating tumor growth: cell survival/death, cell proliferation, and tumor dormancy. Biochim Biophys Acta Mol Basis Dis. (2021) 1867:166265. doi: 10.1016/j.bbadis.2021.166265

69. Zaarour, RF, Azakir, B, Hajam, EY, Nawafleh, H, Zeinelabdin, NA, Engelsen, AST, et al. Role of hypoxia-mediated autophagy in tumor cell death and survival. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13030533

70. Song, S, Tan, J, Miao, Y, Li, M, and Zhang, Q. Crosstalk of autophagy and apoptosis: Involvement of the dual role of autophagy under ER stress. J Cell Physiol. (2017) 232:2977–84. doi: 10.1002/jcp.25785

71. Yousefi, S, and Simon, HU. Apoptosis regulation by autophagy gene 5. Crit Rev Oncol Hematol. (2007) 63:241–4. doi: 10.1016/j.critrevonc.2007.06.005

72. Bhoopathi, P, Chetty, C, Gujrati, M, Dinh, DH, Rao, JS, and Lakka, S. Cathepsin B facilitates autophagy-mediated apoptosis in SPARC overexpressed primitive neuroectodermal tumor cells. Cell Death Differ. (2010) 17:1529–39. doi: 10.1038/cdd.2010.28

73. Li, Y, Jia, F, Gao, Y, Wang, X, Cui, X, Pan, Z, et al. Self-assembled nanocomposites of carboxymethyl beta-dextran/protamine sulfate for enhanced chemotherapeutic drug sensitivity of triple-negative breast cancer by autophagy inhibition via a ternary collaborative strategy. Int J Biol Macromol. (2023) 233:123663. doi: 10.1016/j.ijbiomac.2023.123663

74. Hou, R, Wang, Y, Cao, S, Sun, X, and Jiang, L. N(6)-methyladenosine-modified KREMEN2 promotes tumorigenesis and Malignant progression of high-grade serous ovarian cancer. Lab Invest. (2024) 104:102059. doi: 10.1016/j.labinv.2024.102059

75. Yang, L, Liu, J, Jin, Y, Xing, J, Zhang, J, Chen, X, et al. Synchronous profiling of mRNA N6-methyladenosine modifications and mRNA expression in high-grade serous ovarian cancer: a pilot study. Sci Rep. (2024) 14:10427. doi: 10.1038/s41598-024-60975-x

76. Taylor, SJ, Hollis, RL, Gourley, C, Herrington, CS, Langdon, SP, and Arends, MJ. FANCD2 expression affects platinum response and further characteristics of high grade serous ovarian cancer in cells with different genetic backgrounds. Exp Mol Pathol. (2024) 138:104916. doi: 10.1016/j.yexmp.2024.104916

77. Buttarelli, M, De Donato, M, Raspaglio, G, Babini, G, Ciucci, A, Martinelli, E, et al. Clinical value of lncRNA MEG3 in high-grade serous ovarian cancer. Cancers (Basel). (2020) 12. doi: 10.3390/cancers12040966

78. Gao, Y, Zhang, C, Liu, Y, and Wang, M. Circular RNA profiling reveals circRNA1656 as a novel biomarker in high grade serous ovarian cancer. Biosci Trends. (2019) 13:204–11. doi: 10.5582/bst.2019.01021

79. John, A, Almulla, N, Elboughdiri, N, Gacem, A, Yadav, KK, Abass, AM, et al. Non-coding RNAs in Cancer: Mechanistic insights and therapeutic implications. Pathol Res Pract. (2024) 266:155745. doi: 10.1016/j.prp.2024.155745

80. Matthews, BG, Bowden, NA, and Wong-Brown, MW. Epigenetic mechanisms and therapeutic targets in chemoresistant high-grade serous ovarian cancer. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13235993

81. Liu, P, Fu, R, Chen, K, Zhang, L, Wang, S, Liang, W, et al. ETV5-mediated upregulation of lncRNA CTBP1-DT as a ceRNA facilitates HGSOC progression by regulating miR-188-5p/MAP3K3 axis. Cell Death Dis. (2021) 12:1146. doi: 10.1038/s41419-021-04256-9

82. Todeschini, P, Salviato, E, Romani, C, Raimondi, V, Ciccarese, F, Ferrari, F, et al. Comprehensive Profiling of Hypoxia-Related miRNAs Identifies miR-23a-3p Overexpression as a Marker of Platinum Resistance and Poor Prognosis in High-Grade Serous Ovarian Cancer. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13133358

83. Timofeeva, AV, Fedorov, IS, Asaturova, AV, Sannikova, MV, Tregubova, AV, Mayboroda, OA, et al. Blood plasma small non-coding RNAs as diagnostic molecules for the progesterone-receptor-negative phenotype of serous ovarian tumors. Int J Mol Sci. (2023) 24. doi: 10.3390/ijms241512214

84. Williams, ME, Howard, D, Donnelly, C, Izadi, F, Parra, JG, Pugh, M, et al. Adipocyte derived exosomes promote cell invasion and challenge paclitaxel efficacy in ovarian cancer. Cell Commun Signal. (2024) 22:443. doi: 10.1186/s12964-024-01806-4

85. Soni, DK, and Biswas, R. Role of non-coding RNAs in post-transcriptional regulation of lung diseases. Front Genet. (2021) 12:767348. doi: 10.3389/fgene.2021.767348

86. Zhang, S, Zhang, Y, Song, X, Wang, X, Quan, L, Xu, P, et al. Immune escape between endoplasmic reticulum stress-related cancer cells and exhausted CD8+T cells leads to neoadjuvant chemotherapy resistance in ovarian cancer. Biochem Biophys Res Commun. (2024) 733:150686. doi: 10.1016/j.bbrc.2024.150686

87. Xing, Y, Liang, X, Lv, X, Cheng, Y, Du, J, Liu, C, et al. New insights into the role of circular RNAs in ovarian cancer. Pathol Res Pract. (2022) 238:154073. doi: 10.1016/j.prp.2022.154073

88. Zhang, M, Zheng, Z, Wang, S, Liu, R, Zhang, M, Guo, Z, et al. The role of circRNAs and miRNAs in drug resistance and targeted therapy responses in breast cancer. Cancer Drug Resist. (2024) 7:30. doi: 10.20517/cdr.2024.62

89. Patch, AM, Christie, EL, Etemadmoghadam, D, Garsed, DW, George, J, Fereday, S, et al. Whole-genome characterization of chemoresistant ovarian cancer. Nature. (2015) 521:489–94. doi: 10.1038/nature14410

90. Lee, JJ, Kang, HJ, Kim, D, Lim, SO, Kim, SS, Kim, G, et al. expHRD: an individualized, transcriptome-based prediction model for homologous recombination deficiency assessment in cancer. BMC Bioinf. (2024) 25:236. doi: 10.1186/s12859-024-05854-y

91. Galland, L, Ballot, E, Mananet, H, Boidot, R, Lecuelle, J, Albuisson, J, et al. Efficacy of platinum-based chemotherapy in metastatic breast cancer and HRD biomarkers: utility of exome sequencing. NPJ Breast Cancer. (2022) 8:28. doi: 10.1038/s41523-022-00395-0

92. Ledermann, JA, Drew, Y, and Kristeleit, RS. Homologous recombination deficiency and ovarian cancer. Eur J Cancer. (2016) 60:49–58. doi: 10.1016/j.ejca.2016.03.005

93. O’Kane, GM, Connor, AA, and Gallinger, S. Characterization, detection, and treatment approaches for homologous recombination deficiency in cancer. Trends Mol Med. (2017) 23:1121–37. doi: 10.1016/j.molmed.2017.10.007

94. Samstein, RM, Lee, CH, Shoushtari, AN, Hellmann, MD, Shen, R, Janjigian, YY, et al. Tumor mutational load predicts survival after immunotherapy across multiple cancer types. Nat Genet. (2019) 51:202–6. doi: 10.1038/s41588-018-0312-8

95. Mi, JL, Xu, M, Liu, C, and Wang, RS. Interactions between tumor mutation burden and immune infiltration in ovarian cancer. Int J Clin Exp Pathol. (2020) 13:2513–23.

96. Park, S, Lee, H, Lee, B, Lee, SH, Sun, JM, Park, WY, et al. DNA damage response and repair pathway alteration and its association with tumor mutation burden and platinum-based chemotherapy in SCLC. J Thorac Oncol. (2019) 14:1640–50. doi: 10.1016/j.jtho.2019.05.014

97. How, JA, Jazaeri, AA, Fellman, B, Daniels, MS, Penn, S, Solimeno, C, et al. Modification of homologous recombination deficiency score threshold and association with long-term survival in epithelial ovarian cancer. Cancers (Basel). (2021) 13. doi: 10.3390/cancers13050946

98. Tomar, T, de Jong, S, Alkema, NG, Hoekman, RL, Meersma, GJ, Klip, HG, et al. Genome-wide methylation profiling of ovarian cancer patient-derived xenografts treated with the demethylating agent decitabine identifies novel epigenetically regulated genes and pathways. Genome Med. (2016) 8:107. doi: 10.1186/s13073-016-0361-5

99. Nakayama, N, Nakayama, K, Shamima, Y, Ishikawa, M, Katagiri, A, Iida, K, et al. Gene amplification CCNE1 is related to poor survival and potential therapeutic target in ovarian cancer. Cancer. (2010) 116:2621–34. doi: 10.1002/cncr.24987

100. Giovannetti, E, Erozenci, A, Smit, J, Danesi, R, and Peters, GJ. Molecular mechanisms underlying the role of microRNAs (miRNAs) in anticancer drug resistance and implications for clinical practice. Crit Rev Oncol Hematol. (2012) 81:103–22. doi: 10.1016/j.critrevonc.2011.03.010

101. Joshi, SK, Piehowski, P, Liu, T, Gosline, SJC, McDermott, JE, Druker, BJ, et al. Mass spectrometry-based proteogenomics: new therapeutic opportunities for precision medicine. Annu Rev Pharmacol Toxicol. (2024) 64:455–79. doi: 10.1146/annurev-pharmtox-022723-113921

102. Tadic, V, Zhang, W, and Brozovic, A. The high-grade serous ovarian cancer metastasis and chemoresistance in 3D models. Biochim Biophys Acta Rev Cancer. (2024) 1879:189052. doi: 10.1016/j.bbcan.2023.189052

103. Hamilton, SR. Molecular pathology. Mol Oncol. (2012) 6:177–81. doi: 10.1016/j.molonc.2012.02.007

104. Chamba, C, and Mawalla, W. The future of lymphoma diagnosis, prognosis, and treatment monitoring in countries with limited access to pathology services. Semin Hematol. (2023) 60:215–9. doi: 10.1053/j.seminhematol.2023.07.004

105. Alix-Panabieres, C, and Pantel, K. Advances in liquid biopsy: From exploration to practical application. Cancer Cell. (2024). doi: 10.1016/j.ccell.2024.11.009

106. Giannopoulou, L, and Lianidou, ES. Liquid biopsy in ovarian cancer. Adv Clin Chem. (2020) 97:13–71. doi: 10.1016/bs.acc.2020.01.001

107. Buckley, DN, Lewinger, JP, Gooden, G, Spillman, M, Neuman, M, Guo, XM, et al. OvaPrint-A cell-free DNA methylation liquid biopsy for the risk assessment of high-grade serous ovarian cancer. Clin Cancer Res. (2023) 29:5196–206. doi: 10.1158/1078-0432.CCR-23-1197

108. Tserpeli, V, Stergiopoulou, D, Londra, D, Giannopoulou, L, Buderath, P, Balgkouranidou, I, et al. Prognostic significance of SLFN11 methylation in plasma cell-free DNA in advanced high-grade serous ovarian cancer. Cancers (Basel). (2021) 14. doi: 10.3390/cancers14010004

109. De Silva, S, Alli-Shaik, A, and Gunaratne, J. Machine learning-enhanced extraction of biomarkers for high-grade serous ovarian cancer from proteomics data. Sci Data. (2024) 11:685. doi: 10.1038/s41597-024-03536-1

110. Zeng, H, Chen, L, Zhang, M, Luo, Y, and Ma, X. Integration of histopathological images and multi-dimensional omics analyses predicts molecular features and prognosis in high-grade serous ovarian cancer. Gynecol Oncol. (2021) 163:171–80. doi: 10.1016/j.ygyno.2021.07.015

111. Garziera, M, Cecchin, E, Canzonieri, V, Sorio, R, Giorda, G, Scalone, S, et al. Identification of novel somatic TP53 mutations in patients with high-grade serous ovarian cancer (HGSOC) using next-generation sequencing (NGS). Int J Mol Sci. (2018) 19. doi: 10.3390/ijms19051510

112. Bajrami, I, Frankum, JR, Konde, A, Miller, RE, Rehman, FL, Brough, R, et al. Genome-wide profiling of genetic synthetic lethality identifies CDK12 as a novel determinant of PARP1/2 inhibitor sensitivity. Cancer Res. (2014) 74:287–97. doi: 10.1158/0008-5472.CAN-13-2541

113. Cancer Genome Atlas Research, N. Integrated genomic analyses of ovarian carcinoma. Nature. (2011) 474:609–15. doi: 10.1038/nature10166

114. Martins, FC, Couturier, DL, de Santiago, I, Sauer, CM, Vias, M, Angelova, M, et al. Clonal somatic copy number altered driver events inform drug sensitivity in high-grade serous ovarian cancer. Nat Commun. (2022) 13:6360. doi: 10.1038/s41467-022-33870-0

115. Zhang, S, Dolgalev, I, Zhang, T, Ran, H, Levine, DA, and Neel, BG. Both fallopian tube and ovarian surface epithelium are cells-of-origin for high-grade serous ovarian carcinoma. Nat Commun. (2019) 10:5367. doi: 10.1038/s41467-019-13116-2

116. Richardson, DL, Eskander, RN, and O’Malley, DM. Advances in ovarian cancer care and unmet treatment needs for patients with platinum resistance: A narrative review. JAMA Oncol. (2023) 9:851–9. doi: 10.1001/jamaoncol.2023.0197

117. Duan, M, Leng, S, and Mao, P. Cisplatin in the era of PARP inhibitors and immunotherapy. Pharmacol Ther. (2024) 258:108642. doi: 10.1016/j.pharmthera.2024.108642

118. Xu, AP, Xu, LB, Smith, ER, Fleishman, JS, Chen, ZS, and Xu, XX. Cell death in cancer chemotherapy using taxanes. Front Pharmacol. (2023) 14:1338633. doi: 10.3389/fphar.2023.1338633

119. Marolt, N, Pavlic, R, Kreft, T, Gjogorska, M, and Rizner, TL. Targeting estrogen metabolism in high-grade serous ovarian cancer shows promise to overcome platinum resistance. BioMed Pharmacother. (2024) 177:117069. doi: 10.1016/j.biopha.2024.117069

120. van der Burg, ME, van der Gaast, A, Vergote, I, Burger, CW, van Doorn, HC, de Wit, R, et al. What is the role of dose-dense therapy? Int J Gynecol Cancer. (2005) 15 Suppl 3:233–40. doi: 10.1111/j.1525-1438.2005.00432.x

121. Villalona-Calero, MA, Otterson, GA, Wientjes, MG, Weber, F, Bekaii-Saab, T, Young, D, et al. Noncytotoxic suramin as a chemosensitizer in patients with advanced non-small-cell lung cancer: a phase II study. Ann Oncol. (2008) 19:1903–9. doi: 10.1093/annonc/mdn412

122. Ma, H, Li, Y, Wang, X, Wu, H, Qi, G, Li, R, et al. PBK, targeted by EVI1, promotes metastasis and confers cisplatin resistance through inducing autophagy in high-grade serous ovarian carcinoma. Cell Death Dis. (2019) 10:166. doi: 10.1038/s41419-019-1415-6

123. Qi, G, Ma, H, Li, Y, Peng, J, Chen, J, and Kong, B. TTK inhibition increases cisplatin sensitivity in high-grade serous ovarian carcinoma through the mTOR/autophagy pathway. Cell Death Dis. (2021) 12:1135. doi: 10.1038/s41419-021-04429-6

124. Parkes, EE, and Kennedy, RD. Clinical application of poly(ADP-ribose) polymerase inhibitors in high-grade serous ovarian cancer. Oncologist. (2016) 21:586–93. doi: 10.1634/theoncologist.2015-0438

125. Giudice, E, Gentile, M, Salutari, V, Ricci, C, Musacchio, L, Carbone, MV, et al. PARP inhibitors resistance: mechanisms and perspectives. Cancers (Basel). (2022) 14. doi: 10.3390/cancers14061420

126. Kulkarni, S, Gajjar, K, and MadhuSudan, S. Poly (ADP-ribose) polymerase inhibitor therapy and mechanisms of resistance in epithelial ovarian cancer. Front Oncol. (2024) 14:1414112. doi: 10.3389/fonc.2024.1414112

127. Wethington, SL, Shah, PD, Martin, L, Tanyi, JL, Latif, N, Morgan, M, et al. Combination ATR (ceralasertib) and PARP (olaparib) inhibitor (CAPRI) trial in acquired PARP inhibitor-resistant homologous recombination-deficient ovarian cancer. Clin Cancer Res. (2023) 29:2800–7. doi: 10.1158/1078-0432.CCR-22-2444

128. Tocci, P, Roman, C, Sestito, R, Caprara, V, Sacconi, A, Molineris, I, et al. The endothelin-1-driven tumor-stroma feed-forward loops in high-grade serous ovarian cancer. Clin Sci (Lond). (2024) 138:851–62. doi: 10.1042/CS20240346

129. Mahmood, RD, Morgan, RD, Edmondson, RJ, Clamp, AR, and Jayson, GC. First-line management of advanced high-grade serous ovarian cancer. Curr Oncol Rep. (2020) 22:64. doi: 10.1007/s11912-020-00933-8

130. Nguyen, NT, Raetz, A, Montoya, D, Schilling, V, Tong, C, Brooks, RA, et al. Targeting RAS-ERK pathway alterations with MEK inhibitors to improve chemosensitivity in high grade serous ovarian cancers. Gynecol Oncol. (2023) 178:69–79. doi: 10.1016/j.ygyno.2023.09.014

131. Iavarone, C, Zervantonakis, IK, Selfors, LM, Palakurthi, S, Liu, JF, Drapkin, R, et al. Combined MEK and BCL-2/X(L) inhibition is effective in high-grade serous ovarian cancer patient-derived xenograft models and BIM levels are predictive of responsiveness. Mol Cancer Ther. (2019) 18:642–55. doi: 10.1158/1535-7163.MCT-18-0413

132. Gao, M, Lin, M, Rao, M, Thompson, H, Hirai, K, Choi, M, et al. Development of patient-derived gastric cancer organoids from endoscopic biopsies and surgical tissues. Ann Surg Oncol. (2018) 25:2767–75. doi: 10.1245/s10434-018-6662-8

133. Montfort, A, Pearce, O, Maniati, E, Vincent, BG, Bixby, L, Bohm, S, et al. A strong B-cell response is part of the immune landscape in human high-grade serous ovarian metastases. Clin Cancer Res. (2017) 23:250–62. doi: 10.1158/1078-0432.CCR-16-0081

134. Melssen, M, and Slingluff, CL Jr. Vaccines targeting helper T cells for cancer immunotherapy. Curr Opin Immunol. (2017) 47:85–92. doi: 10.1016/j.coi.2017.07.004

135. Zhang, M, Wang, Y, Chen, X, Zhang, F, Chen, J, Zhu, H, et al. DC vaccine enhances CAR-T cell antitumor activity by overcoming T cell exhaustion and promoting T cell infiltration in solid tumors. Clin Transl Oncol. (2023) 25:2972–82. doi: 10.1007/s12094-023-03161-1

136. Hu, S, Ma, J, Su, C, Chen, Y, Shu, Y, Qi, Z, et al. Engineered exosome-like nanovesicles suppress tumor growth by reprogramming tumor microenvironment and promoting tumor ferroptosis. Acta Biomater. (2021) 135:567–81. doi: 10.1016/j.actbio.2021.09.003

137. Labanieh, L, Majzner, RG, and Mackall, CL. Programming CAR-T cells to kill cancer. Nat BioMed Eng. (2018) 2:377–91. doi: 10.1038/s41551-018-0235-9

138. Joy, JD, Malacrida, B, Laforets, F, Kotantaki, P, Maniati, E, Manchanda, R, et al. Human 3D ovarian cancer models reveal Malignant cell-intrinsic and -extrinsic factors that influence CAR T-cell activity. Cancer Res. (2024) 84:2432–49. doi: 10.1158/0008-5472.CAN-23-3007

139. Monzo, HJ, Kalander, K, Hyytiainen, MM, Elbasani, E, Wall, J, Moyano-Galceran, L, et al. Efficacy and safety of glycosphingolipid SSEA-4 targeting CAR-T cells in an ovarian carcinoma model. Mol Cancer Ther. (2023) 22:1319–31. doi: 10.1158/1535-7163.MCT-23-0008

140. Deshet-Unger, N, Horn, G, Rawet-Slobodkin, M, Waks, T, Laskov, I, Michaan, N, et al. Comparing intraperitoneal and intravenous personalized erbB2CAR-T for the treatment of epithelial ovarian cancer. Biomedicines. (2022) 10. doi: 10.3390/biomedicines10092216

141. Maalej, KM, Merhi, M, Inchakalody, VP, Mestiri, S, Alam, M, Maccalli, C, et al. CAR-cell therapy in the era of solid tumor treatment: current challenges and emerging therapeutic advances. Mol Cancer. (2023) 22:20. doi: 10.1186/s12943-023-01723-z

142. Wong-Brown, MW, van der Westhuizen, A, and Bowden, NA. Sequential azacitidine and carboplatin induces immune activation in platinum-resistant high-grade serous ovarian cancer cell lines and primes for checkpoint inhibitor immunotherapy. BMC Cancer. (2022) 22:100. doi: 10.1186/s12885-022-09197-w

143. Bandolik, JJ, Hamacher, A, Schrenk, C, Weishaupt, R, and Kassack, MU. Class I-histone deacetylase (HDAC) inhibition is superior to pan-HDAC inhibition in modulating cisplatin potency in high grade serous ovarian cancer cell lines. Int J Mol Sci. (2019) 20. doi: 10.3390/ijms20123052

144. Raja, J, Ludwig, JM, Gettinger, SN, Schalper, KA, and Kim, HS. Oncolytic virus immunotherapy: future prospects for oncology. J Immunother Cancer. (2018) 6:140. doi: 10.1186/s40425-018-0458-z

145. Feola, S, Russo, S, Ylosmaki, E, and Cerullo, V. Oncolytic ImmunoViroTherapy: A long history of crosstalk between viruses and immune system for cancer treatment. Pharmacol Ther. (2022) 236:108103. doi: 10.1016/j.pharmthera.2021.108103

146. Wang, YY, Wang, J, Wang, S, Yang, QC, Song, A, Zhang, MJ, et al. Dual-responsive epigenetic inhibitor nanoprodrug combined with oncolytic virus synergistically boost cancer immunotherapy by igniting gasdermin E-mediated pyroptosis. ACS Nano. (2024). doi: 10.1021/acsnano.4c03034

147. Wajnberg, G, and Passetti, F. Using high-throughput sequencing transcriptome data for INDEL detection: challenges for cancer drug discovery. Expert Opin Drug Discov. (2016) 11:257–68. doi: 10.1517/17460441.2016.1143813

148. Matte, I, Garde-Granger, P, Bessette, P, and Piche, A. Serum CA125 and ascites leptin level ratio predicts baseline clinical resistance to first-line platinum-based treatment and poor prognosis in patients with high grade serous ovarian cancer. Am J Cancer Res. (2019) 9:160–70.

149. Crispin-Ortuzar, M, Woitek, R, Reinius, MAV, Moore, E, Beer, L, Bura, V, et al. Integrated radiogenomics models predict response to neoadjuvant chemotherapy in high grade serous ovarian cancer. Nat Commun. (2023) 14:6756. doi: 10.1038/s41467-023-41820-7

150. Li, Y, Zhang, X, Gao, Y, Shang, C, Yu, B, Wang, T, et al. Development of a genomic signatures-based predictor of initial platinum-resistance in advanced high-grade serous ovarian cancer patients. Front Oncol. (2020) 10:625866. doi: 10.3389/fonc.2020.625866

151. Batool, S, Sohail, S, Ud Din, F, Alamri, AH, Alqahtani, AS, Alshahrani, MA, et al. A detailed insight of the tumor targeting using nanocarrier drug delivery system. Drug Delivery. (2023) 30:2183815. doi: 10.1080/10717544.2023.2183815

152. Mensah, LB, Morton, SW, Li, J, Xiao, H, Quadir, MA, Elias, KM, et al. Layer-by-layer nanoparticles for novel delivery of cisplatin and PARP inhibitors for platinum-based drug resistance therapy in ovarian cancer. Bioeng Transl Med. (2019) 4:e10131. doi: 10.1002/btm2.10131

153. Zhang, Y, Dang, M, Tian, Y, Zhu, Y, Liu, W, Tian, W, et al. Tumor acidic microenvironment targeted drug delivery based on pHLIP-modified mesoporous organosilica nanoparticles. ACS Appl Mater Interfaces. (2017) 9:30543–52. doi: 10.1021/acsami.7b10840

154. Li, Q, Cai, T, Huang, Y, Xia, X, Cole, SPC, and Cai, Y. A review of the structure, preparation, and application of NLCs, PNPs, and PLNs. Nanomaterials (Basel). (2017) 7. doi: 10.3390/nano7060122

155. Hassanin, I, and Elzoghby, A. Albumin-based nanoparticles: a promising strategy to overcome cancer drug resistance. Cancer Drug Resist. (2020) 3:930–46. doi: 10.20517/cdr.2020.68

156. Diaz Osterman, CJ, Ozmadenci, D, Kleinschmidt, EG, Taylor, KN, Barrie, AM, Jiang, S, et al. FAK activity sustains intrinsic and acquired ovarian cancer resistance to platinum chemotherapy. Elife. (2019) 8. doi: 10.7554/eLife.47327




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Fu, Hu, Li, Lv, Zhao and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2025.1556377_cover.jpg
& frontiers | Frontiers in Immunology

Unveiling drug resistance pathways in high-
grade serous ovarian cancer (HGSOC):
recent advances and future perspectives





OEBPS/Images/fimmu-16-1556377-g002.jpg
Main Mechanisms of HGSOC Drug Resistance

o 9
<

Drugs

ABC Transporters

O

Bcl-2 caspases

Survival and Drug Resistance of Tumor Cells

By promoting the occurrence of apoptosis

Autophagy
~ platinum-based
' chemotherapy
0
DNA
oy oL Damage
] o DO DO
HRR T Epigenetic Modification

\/

HRD
N 3
Q MIGOU T NPBOT
BRCA1/2 p53 Mutation

Mutation Non-coding RNA





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Unveiling drug resistance pathways in high-grade serous ovarian cancer(HGSOC): recent advances and future perspectives

      

        		

          1 Introduction

        



        		

          2 Biological basis of drug resistance in HGSOC

        

          		

            2.1 p53 mutation

          



          		

            2.2 Tumor microenvironment characteristics

          



        



        



        		

          3 Major mechanisms of drug resistance in HGSOC

        

          		

            3.1 Drug efflux and cell membrane transport

          



          		

            3.2 DNA damage repair

          



          		

            3.3 Apoptosis and autophagy

          



          		

            3.4 Epigenetic modifications

          



          		

            3.5 Non-coding RNAs

          



        



        



        		

          4 Detection and diagnostic strategies for HGSOC drug resistance

        



        		

          5 Therapeutic advances in overcoming resistance in HGSOC

        

          		

            5.1 Traditional protocols

          



          		

            5.2 Emerging protocols

          



        



        



        		

          6 Clinical translation and future directions

        



        		

          7 Conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Biomarker  Characteristics Mechanism of Resistance Prognosis Refs.

BRCA1/2 gene mutated HR repair defects, increasing sensitivity to platinum- Favorable but may (112)
based chemotherapy develop resistance.
NF1 gene deletion Acting in conjunction with the inactivation of other tumor Unfavorable (89, 113)

suppressor genes

TP53 gene mutated Cell cycle dysregulation, affecting apoptosis Unfavorable (113)
PTEN gene deletion Activation of the PI3K signaling pathway Unfavorable (89)
RBI gene inactivation Cell cycle dysregulation Unfavorable (89, 113)
MYC gene amplification Promoting cell proliferation and survival Unfavorable (114)
PAXS gene amplification Influence response to targeted therapy Favorable (115)
miRNAs Abnormal expression Affecting tumor cell survival Unfavorable ®)

HGSOC, High-Grade Serous Ovarian Cancer; HR,Homologous recombination; BRCAL, Breast Cancer 1; BRCA2, Breast Cancer 2; NF1, Neurofibromatosis Type 1; TP53, Tumor Protein p53;
PTEN, Phosphatase and Tensin Homolog; RB1, Retinoblastoma 1; MYC, Myelocytomatosis Viral Oncogene Homolog; PAXS, Paired Box Gene 8; miRNAs, MicroRNAS.





OEBPS/Images/table3.jpg
Treatment Strategy
Platinum and Paclitaxel
Combination Therapy
Dose-Dense Chemotherapy
PARP Inhibitors
Angiogenesis Inhibitors,

e.g, Bevacizumab

Signaling Pathway Inhibitors, eg.,
MEK Inhibitors

Tumor Vaccines

Cell Therapy, e.g., CAR-T Cell Therapy

Epigenetic Therapy

Oncolytic Virus Therapy

Target

DNA synthesis and repair mechanisms;

microtubule stabilization

DNA synthesis and repair mechanisms;

microtubule stabilization

DNA repair mechanisms

VEGF pathway

Cell signaling pathways

Specific antigens

Tumor cells

DNA methylation,
histone modifications

Tumor cells

C

al Trial Phase

‘Widely used in clinical practice

Under investigation

Demonstrated significant

clinical efficacy

Demonstrated potential benefits

Under investigation

Under investigation

Under investigation

Preclinical studies

Under investigation

Main Challenges

About 20% of patients have intrinsic
resistance, affecting treatment efficacy
and prognosis

Higher response rates may come with
increased toxicity risks

Resistance phenomena limit long-
term efficacy

Resistance issues

Needs to be combined with platinum
drugs to enhance efficacy

Immunosuppressive factors in the
tumor microenvironment affect

vaccine efficacy

Immune evasion mechanisms in the
tumor microenvironment

Off-target effects may impact efficacy

Needs to be combined with immune
checkpoint inhibitors to
enhance efficacy

HGSOC, High-Grade Serous Ovarian Cancer; PARP, Poly (ADP-ribose) Polymerase; VEGF, Vascular Endothelial Growth Factor; MEK, Mitogen-Activated Protein Kinase; CAR-T, Chimeric

Antigen Receptor T-cell.





OEBPS/Images/fimmu-16-1556377-g001.jpg
8

o @@ — Signaling
Apoptosis Pathways

p53 Mutation
\/_

Cell Cycle

Tumor
Microenvironment

Crosstalk

High-Grade Immune Cells

Serous Ovarian
Cancer

e Tumor cell proliferation
and migration.

e Immunosuppressive
environment.

e Tumor vascularization.

e Release of cytokines
and chemicals.

‘e
L 4
. ""' Egpunt
Cancer-Associated )
Fibroblasts Vascular Endothelial

Cells






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table1.jpg
s Immune Infiltra- Chemothera Risk (5-year sur-
Subtypes Characteristics : L ictapy; ( 2"y &
tion Level Sensitivity vival %)
Differentiated High genomic integrity, low ploidy High Generally sensitive High (34%)
and subclonality
Immunoreactive Strong immune cell infiltration High Potentially sensitive, varies Low (50%)
by patient
Mesenchymal Associated with changes in Moderate to high Lower sensitivity Very High (20%)
tumor microenvironment
Proliferative Extreme genomic instability Low Generally less responsive High (34%)






