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The human intestine is home to a variety of microorganisms. In healthy populations, the intestinal flora shares a degree of similarity and stability, and they have a role in the metabolism, immunological response, and physiological function of key organs. With the rapid advent of high-throughput sequencing in recent years, several researchers have found that dysbiosis of the human gut microflora potentially cause physical problems and gynecological malignancies among postmenopausal women. Besides, dysbiosis hinders tumor treatment. Nonetheless, the importance of maintaining homeostatic gut microbiota and the effective use of probiotics in the treatment of gynecological malignancies should not be disregarded. Moreover, intestinal flora regulation and the involvement of probiotics as well as associated biologically active substances in gynecological malignancies could be an adjuvant treatment modality related to surgery and chemoradiotherapy in the future. Herein, this article aims to review the potential relationship between gut microorganisms and postmenopausal status as well as gynecologic malignancies; then the relationship between gut microbes and early screening as well as therapeutic aspects. Also, we describe the role of probiotics in the prevention, treatment, and prognosis of gynecologic malignancies.
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Introduction

Cervical cancer, ovarian cancer, and endometrial cancer are the most common gynecological cancers. Based on the latest global cancer data, cervical cancer among women has the 4th and 6th highest incidence and mortality rates, respectively, whereas ovarian cancer has the 5th highest mortality rate, topping the list of gynecological malignant tumors (1). Moreover, as the human living standards improve, obesity (2), endocrine disorders, environmental pollution may also increase the incidence and mortality of gynecological cancers. However, there is no clear conclusion on the causes and mechanisms of gynecologic malignancies. Thus, a discussion on the importance of intestinal flora to gynecologic malignancies and the potential role of probiotics help scholars investigate gynecologic malignancies from a different angle. This article reviews the microbial and gynecological malignancy importance from the following aspects: First is the effect of changes in gut microbes (GM) on the development of gynecological malignancies. Second is the hypothesis of biomarkers of gynecologic malignancies. Lastly are the aspects related to the treatment of gynecologic malignancies, such as the relationship between microorganisms and the sensitivity of chemotherapeutic agents including platinum drugs, as well as the use of probiotics and flora transplantation in the treatment and prognosis of gynecologic malignancies. Here, our objective is to investigate the effect of changes in body flora on gynecological malignancies geared towards providing novel insights for early screening and subsequent treatment of gynecological malignancies.



Intestinal Microecology


GM

The human GM comprise numerous groups of microorganisms including bacteria, archaea, viruses, eukaryotes, and parasites. The microbial community in the human gut is extremely large containing up to 150 times more genes than the human genome (3).The majority of these microbes are bacteria interacting with the human intestinal tract in the long-term evolution process; they primarily include Bacteroides, Clostridium, Bifidobacterium, and Lactobacillus. Pathogenic flora is a small minority. Disruption of commensal flora or invasion of pathogenic bacteria including Salmonella (4), affects the homeostasis of he intestinal microenvironment, resulting in abdominal pain, diarrhea, and other diseases. Studies reveal that patients with gynecologic malignancies display changes in intestinal microflora before the onset and during treatment (5, 6), thereby suggesting a correlation between GM and gynecologic malignancies.



GM and Cancer

GM includes microorganisms residing in the human intestine; these microbes are living interdependently with the human body, and therefore their homeostasis plays a significant role in human health. GM is involved in the digestion and absorption of the body’s intake and modulates the development and treatment of diabetes (7), cardiovascular disease (8), osteoporosis (9), Alzheimer’s disease (10, 11), autism (12), depression (13), as well as cancer. Healthy and stable intestinal flora inhibits the development of cancer, whereas dysregulated intestinal flora has a limited protective effect on the body and could promote cancer development (Figure 1). Healthy individuals and colorectal cancer patients have significantly distinct gut flora structures. In contrast with healthy individuals, colorectal cancer patients have more abundance of Bacteroides fragilis, Enterococcus, Escherichia/Shigella, Klebsiella, Streptococcus, and Peptostreptococcus. Enrichment of opportunistic pathogens potentially promotes the occurrence of colorectal cancer by causing related inflammation. Besides, the decrease of butyric acid-producing bacteria is common among colorectal cancer patients. Butyric acid plays an important role in body immunity and inhibition of tumors in vivo. This means that an imbalance in GM diminishes the original protective effect and promotes the development of colorectal cancer (14). Also, GM may affect the efficacy of drugs during cancer treatment by targeting the immune response and disrupting the chemotherapeutic drug sensitivity (15, 16). At present, immunotherapy for cancer is a major hot topic in cancer treatment. As immunotherapies including CAR-T cells continue to mature, scholars are gradually shifting their focus to the impact of microbiota on cancer immunotherapy. One study found that CTLA-4 specific antibody displayed no effect on the tumor of antibiotic-treated and germ-free mice, whereas the presence of specific bacteria, including B. Fragilis had an important effect on the efficacy of CTLA-4 blockade. This indicates that the existence and structure of intestinal flora mediate the efficacy of tumor immunotherapy, nevertheless, research on specific mechanisms is still ongoing (17). Recent studies suggest that short-chain fatty acids, including butyric acid produced by intestinal microbial fermentation potentially affect T cell metabolism and related gene expression levels, thereby improving the activity of anti-tumor T cells. Besides, inosine, produced by intestinal bacteria B.Pseudolusgum potentially plays an auxiliary role in improving the efficacy of ICB immunotherapy (18). Additionally, the radiotherapy process in cancer patients causes dysbiosis of GM (5), which in turn becomes more detrimental to cancer treatment. The use of antibiotics, probiotics, fecal microbiota transplants (FMT), and certain metabolites to artificially manage the gut flora could provide a strong adjunct to cancer treatment. Mechanistic aspects of the effect of GM on cancer development are also a focus of future research.




Figure 1 | Factors affecting GM and its potential mechanisms of GM in gynecological cancers. Unhealthy diet, obesity, estrogen drug abuse and cancer treatment can affect the homeostasis of GM, commensal bacteria decreased and pathogenic bacteria increased. Interaction between GM and gynecological cancers. GM stabilization can inhibit the occurrence of cancer in immunity and preventing pathogen invasion. The reduced protective effect of the maladjusted GM will also play an adverse role in cancer immunity, chemotherapy efficacy and prognosis. In-depth study of GM changes in gynecological cancer patients can be applied to the screening, improve the treatment of gynecological cancers and improve the poor prognosis.






Gynecologic Malignancies and GM


Flora Changes and Diseases in Postmenopausal Women

Most gynecological malignancies are predominant in postmenopausal and older women; therefore, it is necessary to explore changes in the intestinal flora and related diseases among postmenopausal women. Lack of endogenous estrogen in women after menopause triggers a wide range of problems, such as increased incidence of cardiovascular disease (19), osteoporosis (20), obesity (21), diabetes (22), breast cancer (23), and other gynecologic cancers. An increase in intestinal permeability has been noted during the menopausal transition; besides, there is a relationship between increased intestinal permeability and the development of inflammation (24). Additionally, unlike premenopausal women, fecal samples from postmenopausal women showed changes in the flora linked to endocrine disorders and osteoporosis, including a decrease in Firmicutes and Roseburia spp. and an increase in Bacteroidetes and toluene-producing genus Tolumonas (25). In turn, hormone replacement therapy (26), used to combat these conditions potentially increases the incidence of estrogen-related cancers including breast and ovarian cancers (27). As such, it is necessary to analyze the effect of microorganisms on estrogen levels and innovate microbial-assisted therapy or reduce the side effects of hormone replacement therapy. Previous studies reported that non-ovarian systemic estrogen levels are directly related to the richness and alpha diversity of intestinal flora and could affect their levels via enterohepatic circulation (28). This leads to thinking whether it is possible to control the disease from the source to reduce the incidence of the disease by artificially intervening the GM of menopausal and postmenopausal women. In addition, vaginal dryness and tissue atrophy in postmenopausal women markedly affect the quality of life. Altered environmental status of the vagina potentially conducive to the invasion of pathogenic bacteria from the vagina resulting in vaginal dysbiosis and gynecological malignancies. In one experiment, the fecal microbes of ovary-intact fecund female mice was transplanted into ovariectomized ones with vaginal atrophy, and consequently, the atrophy symptoms significantly improved. This indicates an interaction between the ovarian and reproductive tract status as well as the GM (29). Moreover, the improvement of vaginal epithelial atrophy symptoms by FMT could exhibit an impact on the prevention of gynecological malignancies by improving vaginal epithelial atrophy-related protective effects. In summary, investigating changes of GM in postmenopausal women and their roles in disease development as well as treatment will yield unprecedented effects on the health and quality of life among postmenopausal women.



GM in Cervical Cancer

Cervical cancer is one of the most prevalent gynecological malignant tumors that threatens the life and health of women. The current research on the relationship between GM and cervical cancer primarily focuses on the changes of GM and related intestinal diseases among cervical cancer patients post-radiotherapy. The majority of scholars share a similar view on gut microbial alterations in cervical cancer patients (6). However, there is controversy on the research of intestinal biomarkers and a lack of research on related biological mechanisms. Through 16S rRNA sequencing comparison, scholars noted differences in GM between cervical cancer patients and healthy individuals. Based on recent reports, phylum Proteobacteria, genus Parabacteroides, Escherichia_Shigells and Roseburia were predicted to be potential biomarkers in the identification of cervical cancer (30). However, another study soon after showed different results, with Kang and colleagues identifying Prevotella, Peptostreptococcus, Finegolida, Ruminococcus, Clostridium, Pseudomonas, and Turibacter as biomarkers for predicting early cervical cancer (31). The aforementioned studies provide a future direction and act as a catalyst for the future upgrading of early prediction and diagnostic modalities for cervical cancer. In addition, the researchers discovered a decrease in butyrate-producing bacteria Ruminococcus and Clostridium in the intestine of patients with early-stage cervical cancer (31). Short-chain fatty acids (SCFAs) such as butyric acid produced by microbial metabolism have good antitumor activity (32–34), affecting various beneficial processes such as immunity and apoptosis of cancer cells,thus suggesting a possible indirect link between GM and cancer development through the presence or absence of specific genera and altered numbers. Additional experiments are therefore required to validate these possibilities for interrelationship between GM and cervical carcinogenesis and their roles in screening and diagnosis.



GM in Ovarian Cancer

Since abdominal discomfort is a hallmark symptom of ovarian cancer and gastrointestinal adverse effects are evident during treatment, it is meaningful to study the association between GM and ovarian cancer (35). Dysbiosis of the gut microbial environment is strongly associated with the development of ovarian cancer. GM disorder promotes tumor growth and causes an epithelial-mesenchymal transition in xenograft mice (36). Additionally, the imbalance of GM is associated with obesity (37) and estrogen level (15); obesity and estrogen imbalance are risk factors for the incidence of ovarian cancer (2, 38). This indicates that imbalanced GM could cause obesity and estrogen imbalance via an approach that triggers ovarian cancer. Besides, a non-obese individual should regulate their diet. A diet high in oil, fat, and salt is also undesirable. A study on animals subjected to a high-fat diet reported the diet may promote the development of ovarian cancer by disrupting the levels of inflammatory factors (39). Therefore, poor diet and health habits are crucial risk factors for the occurrence of cancer.

Studies on ovarian cancer treatment indicate that GM influences the sensitivity of the human body to platinum drugs. The advert effects of chemotherapy on GM, e.g. dysbiosis, are more prevalent in patients (16) and animal (40) models bearing ovarian cancers. In addition, compared to platinum-sensitive patients, platinum-resistant patients showed a more pronounced dysbiosis of GM, with a decrease in the health-related groups and an increase in the proportion of lactic acid-producing bacteria including Coriobacteriaceae and Bifidobacterium (16). In addition to reduced platinum sensitivity, animal studies have revealed that the destruction of GM contributes to the growth of ovarian malignancies and reduces mice survival (41). Also, it indicates that the integrity and stability of GM regulate the efficacy of chemotherapy drugs. GM metabolites such as bile acids can interact with host drug metabolizing enzymes to affect drug disposition, pharmacokinetics and pharmacodynamics (42). The discovery of potential features of GM potentially provides a novel idea for future early detection, treatment, and even prognosis of epithelial ovarian cancer. GM and their products may also contribute to the treatment of ovarian cancer. Zhao and colleagues isolated four strains of Bacillus from the stool of healthy individuals and cancer patients and observed that bacterial products inhibit proliferation of ovarian cancer cells, possibly by causing apoptosis (43). These bacterial products may be optimized as anticancer drugs in the future. Furthermore, one study using a mouse model discovered that anticancer drugs have a certain effect on GM, causing the transfer of Gram-positive bacteria to secondary lymphoid organs and producing an immune response (44). This indicates that the intestinal microbiota favorably affects the formation of anticancer immune response and the efficacy of chemotherapy.

Gut microbial changes after ovarian cancer treatment should also be noticed. Unlike pre-operative stool samples of ovarian cancer, the abundance of Bacteroidetes and Firmicutes was significantly lower in post-operative stool samples, whereas Proteobacteria abundance was significantly higher. Similar changes were noted in chemotherapy group (5). This implies that the treatment of ovarian cancer has a significant impact on intestinal flora and that there may be a potential correlation between intestinal flora and the clinical prognosis of ovarian cancer patients.



GM in Endometrial Cancer

Endometrial cancer is a group of epithelial malignant tumors of the endometrium that occur most frequently in perimenopausal and postmenopausal women. The risk factors of endometrial cancer include obesity, diabetes, and hypertension (45–47). The incidence of endometrial cancer rates varies dramatically not only between premenopausal and postmenopausal women but also among countries with varying degrees of development. Its incidence is higher in Europe and North America than in developing countries (48). Researchers speculate that the development of endometrial cancer could be related to the adverse consequences of hormonal abnormalities and overweight due to the improvement in the quality of life and population diet. The disruption of digestion and absorption induced by dysbiosis of GM potentially causes obesity, and the occurrence of obesity could result in hypertension, diabetes, and hormonal disorders. This suggests a relationship between GM and endometrial cancer. Therefore, analyzing the changes of intestinal flora in obese people potentially provides novel insights for the in-depth study of endometrial cancer. In addition, the incidence of endometrial cancer is associated with menstruation, marriage and childbirth, smoking, drinking, and other factors. Dietary habits, marriage and love policies and customs of different countries, environmental pollution, and even ethnic differences potentially lead to different incidences of endometrial cancer. GM are able to regulate systemic estrogen levels in women. β-glucuronidases and β-glucuronides encoded by estrobolome such as (49) Bifidobacterium, Clostridium, and Lactobacillus are able to act in the intestine to regulate circulating estrogen levels (15, 50). They remove the glucuronides of conjugated estrogens excreted via bile to obtain free estrogen molecules. In addition, hydroxysteroid dehydrogenases are also widely present in the human gut and are involved in the partial reduction process of estrogen synthesis from cholesterol precursors (51). Urinary (52) and serum (53) estrogen levels were positively correlated with gut microbial diversity. GM also confer biological activity to foreign estrogen-like compounds (54, 55). For example, GM are able to catalyze the metabolism of daidzein to the form of equol or O-desmethylangolensin (56). Lignans beneficial effects are also dependent on the activity of gut microbial metabolites enterodiol and enterolactone (57). Therefore, in addition to the direct effects of female genetic differences and altered physical conditions as well as environmental estrogen exposure (58) on hormone levels, the dysbiosis of GM due to poor lifestyle, diet, and antibiotic abuse also indirectly affects estrogen levels, which in turn promotes endometrial carcinogenesis. A recent review on the potential relationship between intestinal flora, obesity, menopausal status, estrogen, and endometrial cancer also suggests that menopause and obesity could modulate the development of endometrial cancer by causing changes in estrogen due to intestinal flora imbalance (59). Obesity contributes to an increased risk and a worse prognosis for endometrial cancer. One study discovered that the endometrial epithelial cells of obese women revealed numerous methylation changes, and 54 overlapping regions of differential methylation with stage I endometrial cancer. This suggests that obesity promotes the development of endometrial cancer by influencing DNA methylation and causing dysregulation of related metabolic pathways (60). The effect of obesity on endometrial cancer has led to speculation on whether bariatric surgery can help ameliorate obesity by stabilizing the GM and estrogen levels and possibly even promote the treatment of endometrial cancer in the future. A related study reported that bariatric surgery causes changes in the GM with beneficial effects, but not in terms of hormones (61), and there was no direct relationship between bariatric surgery and the incidence of endometrial cancer. However, digging into the potential role of bariatric surgery in endometrial cancer could have unprecedented application in future cancer research.




The Potential Role of Probiotics in the Adjuvant Treatment of Gynecological Malignancies

As the name suggests, probiotics are beneficial microorganisms to the body within a certain dose range. The management of probiotics can improve the dysbiosis of GM to certain extent, which in turn can have beneficial effects on gynecological cancers by affecting estrogen levels, cancer immunity, cancer cell proliferation and apoptosis, and drug resistance (Figure 2).




Figure 2 | Significance of probiotics and FMT in gynecological cancers. Probiotics and their metabolites, genetic engineering strains and FMT can improve the gut microbial environment. The improvement of gut microbial environment can affect estrogen level, improve cancer immunity and chemotherapy efficacy, increase apoptosis of cancer cells, and reduce the rapid proliferation of cancer cells and drug side effects.




Lactobacillus Rhamnosus

Lactobacillus rhamnosus is a star genus in the field of probiotics with wide range of applications. The potential role of Lactobacillus rhamnosus in cancer is widely divided into the following components. First, Lactobacillus rhamnosus modulates homeostasis of the intestinal flora and protects the mucosa and restores the intestinal barrier function by enhancing the expression of genes related to healthy intestinal permeability (62–64), whereas the homeostatic effect of intestinal flora on gynecological malignancies has been mentioned above. Secondly, regarding human self-protection, Lactobacillus rhamnosus potentially regulates immunity, causing apoptosis of cancer cells and anti-inflammatory effects by activating or inhibiting cytokine expression (65–67), and invasion of pathogens (68, 69). Eventually, Lactobacillus rhamnosus also protects the body from the toxicity and side effects of radiotherapy and other treatment methods (70, 71).



Bacteria Isolated From Secretions or Excretions

Several studies have documented the anticancer activity of certain bacteria isolated from human and animal secretions or excretions. Bifidobacterium adolescentis SPM1005-A (72) isolated from human feces, Lactobacillus plantarum 5BL (73) isolated from vaginal secretions of adolescent females, Lactobacillus gasseri G10 and H15 (74) isolated from the vagina of healthy humans, three potential probiotic strains isolated from human milk Lactobacillus casei SR1, Lactobacillus casei SR2, and Lactobacillus paracasei SR4 (75), and Enterococcus faecalis por1 (76) isolated from porcine intestinal food, etc. have desired probiotic properties and may inhibit cancer development by targeting oncogenes, preventing cancer cell growth, inducing apoptosis or modulating immune response capacity.



Metabolites of the Bacterium

Certain microbial-associated metabolites suppress gynecologic malignancy development. Kevin et al. found that the parasporin-2Aa1 isolated from Bacillus thuringiensis 4R2, activated by proteinase K, induces various human cancer cells from different tissues, including endometrial cancer cell of apoptosis, however, it does not affect normal cells (77). Due to its good properties, parasporin-2Aa1 can be used in the future to reduce the killing of normal cells in combination with chemotherapeutic drugs.



Probiotic Blends and Probiotic Modifications

Probiotic blends and genetically engineered probiotics promote cancer treatment by targeting the immune system. Bermudez and colleagues showed that recombinant Lactococci engineered to express HPV-16 E7 antigen, administered intranasally, stimulates both the cell-mediated (which secretes IL-12 and IFN - γ) and humoral immune systems (which produces antibodies to E7) to prevent HPV-associated cervical cancer (78). Additionally, studies have shown that oral administration of probiotic mixture comprising specific lactobacillus rhamnosus, Lactobacillus acidophilus, and lactoferrin RCXTM regulate the innate and adaptive immune responses of the vagina and the whole body, weaken vaginopathy induced by Gardasella vaginalis (79), and prevent gynecological cancers resulting from inflammation.



Role in Other Aspects Related to Gynecological Malignancies

Estrogen deficiency affects the health of women, nevertheless, improper estrogen supplementation could also cause diseases including breast and endometrial cancers. Therefore, the use of probiotics in combined administration with hormone-related drugs is a hot topic for future estrogen deficiency research. Bioavailable isoflavones with selective estrogen receptor affinity have potential in the prevention and treatment of osteoporosis due to estrogen deficiency, at the same time minimizing or eliminating its carcinogenic side effects (80). Also, probiotics modulate the prevention and management of cancer treatment side effects. One possible acute side effect of cervical cancer treatment through radiotherapy is radiation-induced diarrhea, and many experiments have demonstrated that supplementation with probiotics including Lactobacillus lactis, Bifidobacterium animalis, and Lactobacillus acidophilus minimize the incidence and severity of radiation-induced diarrhea in cervical cancer patients (81, 82). Most of the above studies are based on phenomena, and in-depth studies are needed to prove the accuracy of the conclusions. Research on the mechanism of action of probiotics in the treatment of gynecological cancers is still lacking and needs to be further explored.




Prospect

Microorganisms are neither good nor bad by themselves; they are divided into beneficial and harmful bacteria for the host, resulting in a two-sided effect of microorganisms on the host. On one hand, dysbacteriosis and invasion of pathogenic bacteria promote carcinogenesis and are detrimental to the later treatment of gynecological malignancies. Nevertheless, the maintenance of flora homeostasis and the application of probiotics promote cancer inhibition. The effective use of gut microorganisms has a significant impact on the future of gynecologic malignancies. The above studies have promoted the advances in microbiological aspects of gynecological malignancies; however, there have been shortcomings including a small sample size and incomplete study of mechanisms. Therefore, future studies should increase the sample size, consider all relevant parameters influencing the results, and focus on investigating mechanisms and clinical effects for better application in practice.

In summary, the following recommendation will significantly prolong the survival time of patients with gynecological malignant tumors as well as improve the survival rate and quality of life: In-depth research on the relationship between the microbial flora in vivo and the generation as well as the development of gynecological malignant tumors at various stages; the use of microorganisms in predicting early stages of cancer; research on the effect of beneficial microorganisms and genetic engineering transformation; the use of probiotics; the transplantation of bacteria and other means to intervene and control the flora in vivo and the use of microorganisms to improve the sequelae after treatment of gynecological malignant tumor.
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