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Objective

To understand the relationship between steroid hormones synthesized by the gonads and colorectal cancer as well as its tumor microenvironment, in the expectation of providing new ideas in order to detect and treat colorectal cancer.





Methods

Through reviewing the relevant literature at home and abroad, we summarized that androgens promote the growth of colorectal cancer, and estrogens and progesterone help prevent bowel cancer from developing; these three hormones also have a relevant role in the cellular and other non-cellular components of the tumor microenvironment of colorectal cancer.





Conclusion

The current literature suggests that androgens, estrogens, and progesterone are valuable in diagnosing and treating colorectal cancer, and that androgens promote the growth of colorectal cancer whereas estrogens and progesterone inhibit colorectal cancer, and that, in addition, the receptors associated with them are implicated in the modulation of a variety of cellular components of the microenvironment of colorectal cancer.
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1 Introduction

Colorectal cancer (CRC) is a global disease that represents a serious threat to the lives and health of people around the world, and is a widespread malignant tumor of the gastrointestinal tract. In accordance with the most recent statistics on cancer, colorectal cancer is the third most common cancer in the world, after lung cancer, and the second most common cause of death (1). The cause of this disease, like other malignant tumors, remains unclear and may be related to a number of precancerous lesions and genetic factors.

Several reports suggest that colorectal cancer is considered a steroid hormone-sensitive tumor (2). Steroid hormones include two major groups of sex hormones and adrenocortical hormones, the main ones synthesized in the gonads are estrogens, androgens and progesterone (3). They are cholesterol derivatives that are fat-soluble, thus, they can traverse across the plasma membrane and attach to intracellular receptors(also known as nuclear receptors, NRs), regulating gene expression. Hormones have a significant impact on the progression of colorectal cancer either through a specific target organ or by regulating a metabolic process (4).

Recently, it has been discovered that the tumor microenvironment plays a crucial part in regulating tumor growth and shaping the tumor’s responsiveness to treatment. The microenvironment of tumor is a multifaceted milieu essential for the sustenance and growth of malignant cells, constituted by neighboring vasculature, immune cells, fibroblasts, bone marrow-derived inflammatory cells, diverse signal biomolecules, and extracellular matrix (5). Steroid hormones synthesized by gonads in tumors are closely associated with the tumor microenvironment, and can have an impact on the tumor microenvironment through the release of cell-signaling molecules, which in turn affect cancer cell growth and development.

In this paper, we will discuss the impacts of steroid hormones synthesized by the gonads on colorectal cancer and its tumor microenvironment in order to improve the understanding of the tumor microenvironment and seek new therapeutic targets.




2 Steroid hormones synthesized by the gonads

Androgens are steroid hormones that are synthesized mainly by testicular interstitial cells. Androgen production, mediated by the androgen receptor (AR), is the principal function of androgens (6). AR belongs to the nuclear receptor superfamily and is a ligand-dependent transcription factor. AR is transcriptionally activated mainly through a ligand-dependent manner, and the activating ligands are mainly testosterone and dihydrotestosterone. When activated, Dissociation from heat shock protein 90 (HSP90), translocation to the nucleus, binding to AR on target genes and ultimately induces transcription of the androgen response (7).

Estrogen mainly facilitates the development of female secondary sex characteristics and maturation of sex organs. Natural estrogens are mainly estradiol, estrone and estriol. Estrogen exerts various biological effects by combining with the estrogen receptor (ER) and regulating the expression of a series of downstream genes, which is the classical estrogen signaling pathway (8). Estrogen receptors include the traditional nuclear receptors ERα and ERβ, which mediate the genotypic effects of estrogen, i.e., “genotypic” regulation through the regulation of the transcription of specific target genes, and the membranous G protein-coupled estrogen receptor (GPER), which mediates the rapid nongenotypic effects of estrogen and exerts indirect transcriptional regulation through the second messenger system (9, 10).

Progesterone is a steroid hormone which is synthesized by the placenta, the ovaries and the adrenal glands, progesterone is supposed to refer to the natural hormone, while progesterone is a general term that includes progesterone and synthetic progesterone (11). Progesterone hormone and estrogen are inextricably linked, and progesterone hormone builds on estrogen’s actions (12).




3 Hormones and their receptors in colorectal cancer cells



3.1 Androgens and their receptors and colorectal cancer

Epidemiologic and experimental studies have shown androgens and their influence in developing colorectal cancer. Testosterone treatment accelerates the proliferation of small intestinal and colon tumor cells, which is inhibited after depopulation of colon tumor cells (13). Exogenous testosterone alters tumor distribution and characteristics and inhibits abnormal epithelial cell proliferation (14). Interaction of androgens with the nerve growth factor receptor NGF receptor affects colorectal cancer cells (15). Radiotherapy (46-50Gy) for rectal cancer was associated with markedly elevated serum FSH and LH and markedly lowered testosterone levels (16). Involving androgens in the TUBB3 pathway opens the door to clinical trials evaluating antiandrogens to increase the efficacy of chemotherapy in male colorectal cancer patients (17). The antiandrogen drug flutamide also inhibits colon tumor cell proliferation (13). Activation of the androgen receptor increases the expression of bone morphogenetic protein (BMP) inhibitors but decreases the expression of BMP4 and Wnt inhibitors in primary stromal cells, which promotes the growth of intestinal organoids.Overall, this study reveals the role of androgens in promoting proliferation and inhibiting differentiation, suggesting that stromal cells constitute the microenvironment of intestinal stem cells, it provides a possible explanation for the high incidence of colorectal cancer in men (18).

ERα and AR proteins were elevated in malignant tumor tissues, and ERβ and progesterone receptor (PR) were significantly decreased. AR expression was highest in male tumor tissues, where AR receptor blockers induced apoptosis and testosterone co-treatment impeded the effect (19). Furthermore, AR has been shown to be expressed at both the mRNA and protein levels on both healthy and cancerous colon mucosa (20). Abdulkader M Albasri et al. examined the androgen receptor status in colon cancer patients using immunohistochemistry and correlating the results with all available clinicopathological parameters that predict prognosis. Patients with higher levels of AR expression had significantly worse survival and AR expression may be a prognostic marker for colorectal cancer (21).

ARA54 is an androgen receptor coactivator that enhances AR-dependent activation of transcription. Hirotoshi Kikuchi et al. demonstrated that ARA54 may be involved in promoting cell cycle progression and cell proliferation through the induction of cell cycle protein D1 (22). The human androgen receptor gene contains a polymorphic CAG repeat region that varies from 8 to 35 repeats in the average population. The length of the repeat sequence is negatively correlated with the trans-activation potential of the receptor (23). Long CAG repeats and negative AR expression were both associated with poor 5-year overall survival in colorectal cancer, according to Rui Huang et al. (24). Androgens are known to be expressed on the mucous membranes of the bowel, AR CAG repeat sequences undergo a variety of unique somatic mutations that primarily result in the case of shorter alleles. Colorectal epithelial cells that carry AR alleles with shorter CAG repeat sequences are more sensitive to androgens and are favored to grow (25). Coactivator-associated arginine methyltransferase 1 (CARM1) functions as a transcriptional co-activator of AR-mediated signaling. Young-Rang Kim et al. found that CARM1 is particularly highly expressed in colorectal cancer through tissue microarrays, which was demonstrated by further investigation using surgery specimens. Transcriptional regulator CARM1 by altering the activity of P53 and NF-κB, especially in colorectal cancer (26).

Shuchen Gu et al. were the first to demonstrated that mAR are primarily expressed in colorectal tumors and showed that their activation induces an anti-tumor response in vitro and reduces tumorigenicity in vivo (27). Vinculin is a protein that controls cell adhesion and actin reorganization. It is efficiently phosphorylated upon mAR activation. mAR activation inhibits the pro-survival signaling Akt/Bad signal pathway in vitro and in vivo and blocks colon cancer cell migration by regulating neuregulin signaling and actin reorganization, supporting the potent tumorigenic effects of these receptors (28). Gu et al. went on to discover in colon tumor cells the regulation of FAK/mTOR/p70S6K/PAK1 signaling pathway by testosterone-coupled receptors through activation of mAR, which controls early testosterone-induced actin rearrangement in colorectal cancer cells (29). Then mAR was found to be downregulated by specific testosterone albumin coupling (TAC) to regulate the late expression and/or activity of the oncogenic gene products c-Src, GSK-3β, and β-linker proteins, which promotes a pro-apoptotic response in colorectal tumor cells (30).

In summary, androgens and their receptors promote tumor growth in most cases in colorectal cancer, but the related signaling pathways are still not well understood, so more research is needed into the role of androgens and their receptors in colorectal cancer.




3.2 Estrogen and its receptors and colorectal cancer

Estrogen and its receptor are essential for CRC tumorigenesis and progression. Ryuichiro Sato et al. used liquid chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS) and immunohistochemistry to show that the STS (steroid sulfatase)/EST (estrogen sulfotransferase) status of the cancerous tissues determines the level of estrogen in the tumors, which proves that estrogen is mainly produced locally via the sulfatase pathway and plays an essential role in the progression of the disease progression (31). Estradiol regulates colorectal cancer stem cell bioactivity and interaction with endothelial cells (32). Estrogen promotes the development of inflammation-associated cancers by impairing mucosal responses to inflammatory injury (33). Nrf2 inhibits macrophage inflammatory responses by blocking pro-inflammatory factor transcription (34), and estradiol inhibits CRC by modulating the Nrf2-related pathway (35) Estrogen further inhibits CRC in the absence of Nrf2 by upregulating ERβ-related alternative pathways (36). Estrogen prevents the sustained growth of COLO-205 human colon cancer cells through induction of apoptosis, reduction of c-myb protein and reduction of transcription of the anti-apoptotic protein bcl-2 (37).

Many studies have shown that estrogen action under physiological and pathophysiological circumstances is mediated by estrogen receptors ERα and ERβ as well as membrane-bound GPER (10). Asmaa Abd ElGhany Abd ElLateef et al. reported that lower levels of ER/PR expression were associated with a more extensive CRC primary tumors and poorer prognosis (38). Nancy L Cho et al. also reported that ERα and ERβ are inhibitory modulators of antigen presenting cell (APC)-dependent colon tumorigenesis (39). Overexpression of ERα upregulated hTNF-α gene expression and down-regulated β-conjugated protein signaling activity, which induced apoptosis and inhibited proliferation of LoVo colon cancer cells (40). Hai-ping Jiang et al. reported that an variant of ERα, ERα46, mediated growth inhibition and apoptosis of human HT-29 colon adenocarcinoma cells when estradiol present (41).

The ERβ gene exceeds the ERα gene in the etiology of colorectal cancer (42). ERβ is also the dominant estrogen receptor in the histologically intact colon. Véronique Giroux reported that ERβ deficiency promotes small intestinal tumorigenesis and suggested that regulation of the TGFβ signaling pathway may be a factor in he protective effect of estrogen on intestinal tumorigenesis (43). Francesco Caiazza et al. found that 17β-estradiol induced ERβ upregulation in colon cancer cells by activating p38/MAPK signal pathway (44). ERβ regulates p65 signaling in colon cells (45). Estradiol regulates miR-135b and mismatch repair gene MMR expression in colorectal cells via ERβ (46). Xian Xu et al. also reported that 17β-estradiol agonists inhibited the ability of human LoVo colorectal cancer cells to replicate and migrate via p53 signal pathway (47). The study conducted by Lu et al. shown that estrogen had a positive impact on mismatch repair and tumor suppression both in vitro and in vivo. This effect was achieved by the induction of MLH1 expression mediated by ERβ (48). A new ERβ agonist, OSU-ERb-12, has been reported to block tumor progression and limit cancer stem cell (CSC) subpopulations (49). The growth of the MC38 colon cancer line was found to be inhibited by diarylpropionitrile, a specific agonist of ERβ, as reported by Ewelina Motylewska (50).. In a study conducted by Nakayama et al., it was discovered that the combination of an ERβ ligand and TMX (tamoxifen) demonstrated a suppressive impact on colon cancer cells (51). Calycosin targets ER, upregulates PTEN, and blocks the PI3K/Akt signaling pathway to slow the growth of colorectal cancer (52). The tumor suppressor protein known as WFDC3 plays a crucial role in inhibiting the spread of tumors in colorectal cancer. This inhibition is achieved through the promotion of ERβ-mediated transcriptional repression of TGFBR1 (53).

Liu Qiao et al. found epigenetic down-regulation of the GPER to act as a tumor suppressor in colorectal cancer (54). Lorna C Gilligan et al. reported that human colorectal cancers promote estradiol synthesis via GPER stimulation to enhance proliferation (55). Maria Abancens et al. identified a mechanistic role for the G protein-coupled membrane estrogen receptor GPER in preventing CRC progression by selectively reducing the tumorigenic effects of the overactive Wnt/β-linker signaling pathway in CRC (56).

The aforementioned findings demonstrate that estrogen and its associated receptors generally impede the progression of colorectal cancer by means of the Nrf2-related pathway, induction of apoptosis, suppression of c-myb protein, and attenuation of the transcription of the anti-apoptotic protein bcl-2. Additionally, estrogen promotes the up-regulation of hTNF-α gene expression and the down-regulation of β-catenin signaling activity, TGFβ-related signaling pathway, and Wnt/β-collagen signaling pathway. Furthermore, estrogen facilitates the up-regulation of p38/MAPK and p65 signaling while down-regulating the Wnt/β-collagen signaling pathway. Therefore, further studies are necessary to understand estrogen and its corresponding receptors in colorectal cancer cells.




3.3 progesterone and its receptors and colorectal cancer

Progesterone is an important naturally occurring sex hormone whose cellular effects are mediated by adsorption on the progesterone receptor and modulating hormone-responsive target genes in several cancer types (57). Zhang Y L et al. first analyzed the progesterone levels of 77 patients with CRC, and immunohistochemistry was conducted to identify the overexpression of progesterone receptor in colorectal cancer. S Singh et al. also discovered that the concentration of progesterone receptor in rectal cancer was significantly greater than that in the comparable normal tissues, demonstrating that the concentration of progesterone receptor mRNA has a strong link between cancer and normal tissues (58). The level of progesterone receptor (PGR) expression in CRC tissues correlates with sex, tumor size, degree of differentiation of the tumors, degree of infiltration of the tumor vasculature, and tumor clinical stage. The prognosis of CRC patients with low PGR expression is worse (59). Luteinizing hormone controls the proliferation, apoptosis, angiogenesis, and autophagy of cancer cells, among other cancer cell characteristics (60). Zhang Y L et al. further showed that progesterone increased the expression of growth arrest and DNA damage-inducible protein GADD45α and activated the JNK pathway. Progesterone exerts a stimulatory effect on the JNK pathway via GADD45α, leading to the inhibition of cell proliferation through the suppression of the cell cycle and the induction of apoptosis, thereby inhibiting the malignant advancement of colorectal cancer (59). ER and PR expression and p53 gene detection and DNA ploidy analysis in colorectal cancer can help in clinical classification and prognostic assessment of colorectal cancer patients (61, 62). The progestin drug medroxyprogesterone acetate (MPA), which causes cell cycle arrest by up-regulating cell surface Fas and FasL, has a significant inhibitory effect and causes human colon carcinoma to undergo apoptosis Live and in vitro LS174T cells (63). In women, folic acid helps to maintain endocrine function of the ovary. Wang H C et al. found showed that PGR activation in response to a requirement for folic acid (FA) regulated cell migration and proliferation is universal across all cell lines for cancer (64). Ting et al. employed Transwell invasion experiments to demonstrate that FA effectively decreased the invasive potential of colorectal cancer cell lines, namely COLO-205, LoVo, and HT-29 (65). The proliferation of colon cancer cells was found to be inhibited by the activation of PR with the administration of folic acid (FA) (66). In their study, Kuo et al. provided evidence that FA has the ability to suppress the growth of colorectal cancer cell lines by activating the folate receptorα (FRα)/cSrc/ERK1/2/NFκB/p53 pathway. Additionally, they demonstrated the inhibitory effects of FA on COLO-205 tumor growth in an in vivo setting (67). In colorectal adenocarcinoma, the presence of progesterone receptors is partially correlated with the presence of estradiol receptors (12).

17β-estradiol and progesterone monotherapies have the same anticancer effects and enhance the tumor-killing effects of CRC in men through the promotion of androgen deprivation mediated by ERβ and PGR, while also blocking oncogenic pathways regulated by ERα (68).

PAQR3, belonging to the progesterone and adipose Q receptor (PAQR) family, is a geographic regulator involved in the negative regulation of the Ras/Raf/MEK/ERK signaling cascade. Wang X et al. found that PAQR3 deletion significantly exacerbated small bowel survival time and tumor area in APC (Min/+) mice. Next, in SW-480 cells, PAQR3 overexpression was found to inhibit cell proliferation rate, anchorage-independent growth, epidermal growth factor-stimulated ERK phosphorylation, and epidermal growth factor-induced nuclear accumulation of β-connexin, and enhanced these colorectal cancers by PAQR3 knockdown. This series of experiments demonstrated the tumor suppressor activity of PAQR3 in the development of colorectal cancer (69).

In summary, progesterone and its receptor inhibit colorectal carcinogenesis and progression through upregulation of GADD45α to enhance the JNK pathway, inhibit cell cycle, induce apoptosis to inhibit cell proliferation, upregulation of cell-surface Fas and FasL to bring about a stop in the cell cycle, and upregulation of p27 to enhance the folate receptor (FR) α/cSrc/ERK1/2/NFκB/p53, etc., and its related drugs, receptor antagonists, have also demonstrated corresponding efficacy (70), but further understanding of more of the mechanisms of occurrence is needed (Table 1).


Table 1 | Effect of sex steroid hormones secreted by the gonads and their receptors on colorectal cancer.







4 Androgens, estrogens, progesterones and their receptors in colorectal cancer TMEs

Androgens, estrogens, progesterone and their receptors have been much studied in some tumor microenvironments such as melanoma (71), breast cancer (72), prostate cancer (73), and recent studies have found their role in colorectal cancer. Estrogen stimulates melanoma growth in mouse models via ERα, biases macrophage polarization towards an immunosuppressive state, and thereby enhances CD8+ T-cell exhaustion function, exhaustion, and resistance to immune checkpoint blockade of ICB (74). Through the activation of stromal ER, which in turn normalizes tumor angiogenesis and adjusts the blood supply to the tumor, Estrogen encourages the proliferation of ER-negative cancer cells, preventing hypoxia and necrosis (72). In fibroblasts connected to breast cancer, the nuclear alternative estrogen receptor GPR30 mediates 17-estradiol-induced gene expression and migration (75).

The coregulator hydrogen peroxide-inducible gene 5 (Hic-5) is a metastable adaptor between focal adhesion and the nucleus of prostate myofibroblast cells, and it is a key mediator of AR signaling specificity and sensitivity (76). The induction of drug resistance in PC cells is facilitated by macrophages through the activation of a signaling cascade involving fibronectin (FN1), integrin α5 (ITGA5), and tyrosine kinase SRC (SRC). This cascade is triggered by the cytokine activin A (77). The prostate cancer tumor microenvironment’s androgen-regulated SPARCL1 prevents metastatic spread (73).

The administration of progesterone has been found to facilitate immunomodulation and foster tumor formation within the mouse mammary gland (78). The involvement of membrane progesterone receptor alpha (mPRα) in the promotion of hypoxia-induced vascular endothelial growth factor production and angiogenesis in lung adenocarcinoma is mediated via the activation of STAT3 signaling pathway (79).

A few studies have been undertaken to reveal the function of three hormones in the tumor microenvironment of colorectal cancer. Simon Milette et al. experimentally found that MDSCs in liver metastases from colorectal cancer patients express TNFR2 and that in TNFR2-/- mice, the reduction of intrahepatic MDSCs coincided with the reduction of Treg accumulation at the metastatic site, further concluding that TNF receptor-2 promotes an immunosuppressive microenvironment in the liver that facilitates the colonization and growth of liver metastases. The study revealed that tamoxifen treatment led to an elevation in the accumulation of cytotoxic T cells in the liver of patients with colorectal cancer LM. Furthermore, the findings indicated that estrogen plays a role in regulating the immunological milieu in the liver, which promotes metastasis (80). Postmenopausal women who undergo estrogen supplementation exhibit a decreased susceptibility to advanced colorectal cancer, Jiang L et al. found that inhibition of endogenous extracellular vesicle production reduced the size of MC38 tumors, increased the density of CD8T cells, and reduced the populations of CD4Foxp3Treg cells, PD-L1 macrophages, and MDSCs in MC38 tumors by immunofluorescence assay, flow cytometry, and other experiments. Transforming growth factor β1 (TGFβ) induces Treg cells, MC38-EVs significantly promote Treg cell induction in vitro, E2 reduces the level of TGF-β1 in MC38-EVs and impairs Treg induction in MC38-EVs in vitro, which in turn inhibits the growth of mouse colon cancer (81). In a study conducted by Vassiliki Tzelepi and colleagues, the authors observed an upregulation of estrogen signaling components in the microenvironment of colorectal cancer. Specifically, the expression levels of ERβ1, AIB1 (nuclear hormone receptor transcriptional co-activator 1), and TIF2 (transcriptional intermediate factor 2) were found to be increased in cancer-associated myofibroblasts. Furthermore, these elevated expression levels were found to be positively correlated with the progression of the disease (82). The programmed death receptor PD-1 holds significant immunological significance. In their study, Song C H et al. documented that estrogen effectively hinders the growth of MC38 tumors by suppressing the expression of PD-L1 and influencing the populations of cells associated with the tumor (83). Mifepristone, a compound that acts as an antagonist to progesterone receptors, has demonstrated positive effects on lifespan and overall well-being in different mouse models of cancer. These models encompass tumors that lack progesterone receptors. The mechanism behind this improvement involves the inhibition of immunomodulatory proteins that serve as natural killer cells within the tumor microenvironment. The utilization of antagonists targeting the luteinizing hormone receptor represents a potentially innovative approach in the field of immunotherapy, with the aim of combating cancer (70).

In summary, estrogen inhibits colorectal cancer liver metastasis via TNF receptor-2, reverses extracellular vesicle-mediated immunosuppression of the tumor microenvironment on colorectal cancer growth in mice, inhibits colorectal cancer tumor growth via down-regulation of PD-L1 expression and M1 macrophages, and progesterone receptor antagonists inhibit colorectal cancer liver metastasis by modulating NK cells. The current information about the three hormones and myeloid-derived cells, macrophages, T cells, and tumor-associated fibroblasts in colorectal TME is relevant, but the specific roles are not well understood. There have also been few studies related to these three hormones and other tumor microenvironment molecules. Therefore, further studies are needed.




5 Summary and prospects

This paper summarizes the relationship between androgens, estrogens and progesterone and colorectal cancer and its microenvironment. On the one hand, there is a new understanding of the mechanism of colorectal cancer development, progression and metastasis, androgen plays a promotional role in colorectal cancer development, while mAR promotes apoptosis of tumor cells; on the other hand, estrogen and progesterone-associated receptors are inhibitory to the progression of colorectal cancer. Although the association between these three elements and colorectal cancer is evident, the specific mechanisms involved are still unclear, particularly concerning the diverse cellular constituents and associated elements inside the tumor microenvironment of colorectal cancer. It is known that the accumulation of MDSCs and Treg cells in colorectal cancer liver metastases is TNFR2-dependent in females; estrogen, by reversing extracellular vesicle-mediated immunity, leads to a significant decrease in the PD-L1+M2-like macrophage, Treg cell, and MDSC populations, and an increase in the cytotoxic CD8+ T cell population increased, thereby suppressing the tumor microenvironment inhibiting the growth of mouse colon cancer; the present study investigates the role of estrogen signaling within the microenvironment of rectal cancer. Specifically, it examines the upregulation of ERβ1, AIB1, and TIF2 expression in cancer-associated myofibroblasts, and its correlation with disease progression. Furthermore, the study explores the inhibitory effect of estrogen on the growth of MC38 tumors, elucidating its mechanism of action through the downregulation of PD-L1 expression and modulation of tumor-associated cell populations; The efficacy of mifepristone, a progesterone receptor antagonist, has been demonstrated in enhancing lifespan and enhancing overall well-being in different spontaneous murine cancer models. This includes tumors that lack progesterone receptors. Mifepristone achieves this by inhibiting immunomodulatory proteins that act as natural killer cells within the tumor microenvironment. Mifepristone treatment for colorectal cancer has been less studied and large-scale controlled studies are needed to confirm its ability to inhibit colorectal cancer development. In particular, mifepristone modulates immune cells such as NK cells in the tumor microenvironment. Tamoxifen is more widely used in the treatment of colorectal cancer compared to mifepristone, but the mechanisms involved also need to be further elucidated.

Current studies have shown that the incidence of colorectal cancer is higher in men than in women, but the molecular mechanism of the gender difference is still unclear, so more in-depth studies are needed. The present review elucidates the relationship between these three hormones and the colorectal microenvironment, but the mechanisms related to other immune cells in the tumor microenvironment have not been elucidated yet, and the clinical application of these three hormones in colorectal cancer is not widespread enough, and the use of the hormones alone, hormone replacement therapy, or hormones in combination with other anti-tumor therapies is yet to be developed with the aim of preventing or restricting the growth of in-situ colorectal cancers or preventing their distant metastasis. metastasis. Therefore, the study of these three hormones and their receptors and colorectal cancer is very necessary. It is believed that the role of estrogen, androgens, progesterone, and their receptors in the tumor microenvironment of colorectal cancer and its treatment of CRC has potential.





Author contributions

WD: Writing – review & editing. WL: Writing – original draft. LL: Writing – original draft. LZ: Writing – original draft. ZQ: Writing – original draft. ZW: Writing – original draft.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from National Natural Science Foundation of China (No. 82172855). The funding bodies played no role in the design of the study and collection, analysis, and interpretation of data and in writing the manuscript.





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.





References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Stebbings, WS, Vinson, GP, Farthing, MJ, Balkwill, F, and Wood, RF. Effect of steroid hormones on human colorectal adenocarcinoma xenografts, of known steroid-receptor status, in nude mice. J Cancer Res Clin Oncol (1989) 115(5):439–44. doi: 10.1007/BF00393333

3. Moon, JY, Choi, MH, and Kim, J. Metabolic profiling of cholesterol and sex steroid hormones to monitor urological diseases. Endocr Relat Cancer (2016) 23(10):R455–67. doi: 10.1530/ERC-16-0285

4. Smith, JP, and Solomon, TE. Effects of gastrin, proglumide, and somatostatin on growth of human colon cancer. Gastroenterology (1988) 95(6):1541–8. doi: 10.1016/S0016-5085(88)80075-1

5. Anderson, NM, and Simon, MC. The tumor microenvironment. Curr Biol (2020) 30(16):R921–r925. doi: 10.1016/j.cub.2020.06.081

6. Reisch, N, Taylor, AE, Nogueira, EF, Asby, DJ, Dhir, V, Berry, A, et al. Alternative pathway androgen biosynthesis and human fetal female virilization. Proc Natl Acad Sci U.S.A. (2019) 116(44):22294–9. doi: 10.1073/pnas.1906623116

7. Shaffer, PL, Jivan, A, Dollins, DE, Claessens, F, and Gewirth, DT. Structural basis of androgen receptor binding to selective androgen response elements. Proc Natl Acad Sci U.S.A. (2004) 101(14):4758–63. doi: 10.1073/pnas.0401123101

8. Campbell-Thompson, M, Lynch, IJ, and Bhardwaj, B. Expression of estrogen receptor (ER) subtypes and ERbeta isoforms in colon cancer. Cancer Res (2001) 61(2):632–40.

9. Pettersson, K, and Gustafsson, JA. Role of estrogen receptor beta in estrogen action. Annu Rev Physiol (2001) 63:165–92. doi: 10.1146/annurev.physiol.63.1.165

10. Jacenik, D, Beswick, EJ, Krajewska, WM, and Prossnitz, ER. G protein-coupled estrogen receptor in colon function, immune regulation and carcinogenesis. World J Gastroenterol (2019) 25(30):4092–104. doi: 10.3748/wjg.v25.i30.4092

11. Kolatorova, L, Vitku, J, Suchopar, J, Hill, M, and Parizek, A. Progesterone: A steroid with wide range of effects in physiology as well as human medicine. Int J Mol Sci (2022) 23(14). doi: 10.3390/ijms23147989

12. Sica, V, Nola, E, Contieri, E, Bova, R, Masucci, MT, Medici, N, et al. Estradiol and progesterone receptors in Malignant gastrointestinal tumors. Cancer Res (1984) 44(10):4670–4.

13. Tutton, PJ, and Barkla, DH. The influence of androgens, anti-androgens, and castration on cell proliferation in the jejunal and colonic crypt epithelia, and in dimethylhydrazine-induced adenocarcinoma of rat colon. Virchows Arch B Cell Pathol Incl Mol Pathol (1982) 38(3):351–5. doi: 10.1007/BF02892830

14. Izbicki, JR, Hamilton, SR, Wambach, G, Harnisch, E, Wilker, DK, Dornschneider, G, et al. Effects of androgen manipulations on chemically induced colonic tumours and on macroscopically normal colonic mucosa in male Sprague-Dawley rats. Br J Cancer (1990) 61(2):235–40. doi: 10.1038/bjc.1990.44

15. Anagnostopoulou, V, Pediaditakis, I, Alkahtani, S, Alarifi, SA, Schmidt, EM, Lang, F, et al. Differential effects of dehydroepiandrosterone and testosterone in prostate and colon cancer cell apoptosis: the role of nerve growth factor (NGF) receptors. Endocrinology (2013) 154(7):2446–56. doi: 10.1210/en.2012-2249

16. Dueland, S, Guren, MG, Olsen, DR, Poulsen, JP, and Magne Tveit, K. Radiation therapy induced changes in male sex hormone levels in rectal cancer patients. Radiother Oncol (2003) 68(3):249–53. doi: 10.1016/S0167-8140(03)00120-8

17. Mariani, M, Zannoni, GF, Sioletic, S, Sieber, S, Martino, C, Martinelli, E, et al. Gender influences the class III and V β-tubulin ability to predict poor outcome in colorectal cancer. Clin Cancer Res (2012) 18(10):2964–75. doi: 10.1158/1078-0432.CCR-11-2318

18. Yu, X, Li, S, Xu, Y, Zhang, Y, Ma, W, Liang, C, et al. Androgen maintains intestinal homeostasis by inhibiting BMP signaling via intestinal stromal cells. Stem Cell Rep (2023) 18(1):410. doi: 10.1016/j.stemcr.2022.11.022

19. Refaat, B, Aslam, A, Idris, S, Almalki, AH, Alkhaldi, MY, Asiri, HA, et al. Profiling estrogen, progesterone, and androgen receptors in colorectal cancer in relation to gender, menopausal status, clinical stage, and tumour sidedness. Front Endocrinol (Lausanne) (2023) 14:1187259. doi: 10.3389/fendo.2023.1187259

20. Catalano, MG, Pfeffer, U, Raineri, M, Ferro, P, Curto, A, Capuzzi, P, et al. Altered expression of androgen-receptor isoforms in human colon-cancer tissues. Int J Cancer (2000) 86(3):325–30. doi: 10.1002/(SICI)1097-0215(20000501)86:3<325::AID-IJC4>3.0.CO;2-G

21. Albasri, AM, and Elkablawy, MA. Clinicopathological and prognostic significance of androgen receptor overexpression in colorectal cancer. Experience from Al-Madinah Al-Munawarah, Saudi Arabia. Saudi Med J (2019) 40(9):893–900. doi: 10.15537/smj.2019.9.24204

22. Kikuchi, H, Uchida, C, Hattori, T, Isobe, T, Hiramatsu, Y, Kitagawa, K, et al. ARA54 is involved in transcriptional regulation of the cyclin D1 gene in human cancer cells. Carcinogenesis (2007) 28(8):1752–8. doi: 10.1093/carcin/bgm120

23. Ferro, P, Catalano, MG, Raineri, M, Reato, G, dell'Eva, R, Risio, M, et al. Somatic alterations of the androgen receptor CAG repeat in human colon cancer delineate a novel mutation pathway independent of microsatellite instability. Cancer Genet Cytogenet (2000) 123(1):35–40. doi: 10.1016/S0165-4608(00)00296-X

24. Huang, R, Wang, G, Song, Y, Wang, F, Zhu, B, Tang, Q, et al. Polymorphic CAG repeat and protein expression of androgen receptor gene in colorectal cancer. Mol Cancer Ther (2015) 14(4):1066–74. doi: 10.1158/1535-7163.MCT-14-0620

25. Di Fabio, F, Alvarado, C, Gologan, A, Youssef, E, Voda, L, Mitmaker, E, et al. Somatic mosaicism of androgen receptor CAG repeats in colorectal carcinoma epithelial cells from men. J Surg Res (2009) 154(1):38–44. doi: 10.1016/j.jss.2008.05.013

26. Kim, YR, Lee, BK, Park, RY, Nguyen, NT, Bae, JA, Kwon, DD, et al. Differential CARM1 expression in prostate and colorectal cancers. BMC Cancer (2010) 10:197. doi: 10.1186/1471-2407-10-197

27. Gu, S, Papadopoulou, N, Gehring, EM, Nasir, O, Dimas, K, Bhavsar, SK, et al. Functional membrane androgen receptors in colon tumors trigger pro-apoptotic responses in vitro and reduce drastically tumor incidence in vivo. Mol Cancer (2009) 8:114. doi: 10.1186/1476-4598-8-114

28. Gu, S, Papadopoulou, N, Nasir, O, Föller, M, Alevizopoulos, K, Lang, F, et al. Activation of membrane androgen receptors in colon cancer inhibits the prosurvival signals Akt/bad in vitro and in vivo and blocks migration via vinculin/actin signaling. Mol Med (2011) 17(1-2):48–58. doi: 10.2119/molmed.2010.00120

29. Gu, S, Kounenidakis, M, Schmidt, EM, Deshpande, D, Alkahtani, S, Alarifi, S, et al. Rapid activation of FAK/mTOR/p70S6K/PAK1-signaling controls the early testosterone-induced actin reorganization in colon cancer cells. Cell Signal (2013) 25(1):66–73. doi: 10.1016/j.cellsig.2012.08.005

30. Gu, S, Honisch, S, Kounenidakis, M, Alkahtani, S, Alarifi, S, Alevizopoulos, K, et al. Membrane androgen receptor down-regulates c-src-activity and beta-catenin transcription and triggers GSK-3beta-phosphorylation in colon tumor cells. Cell Physiol Biochem (2014) 34(4):1402–12. doi: 10.1159/000366346

31. Sato, R, Suzuki, T, Katayose, Y, Miura, K, Shiiba, K, Tateno, H, et al. Steroid sulfatase and estrogen sulfotransferase in colon carcinoma: regulators of intratumoral estrogen concentrations and potent prognostic factors. Cancer Res (2009) 69(3):914–22. doi: 10.1158/0008-5472.CAN-08-0906

32. Zamani, ARN, Avci, ÇB, Ahmadi, M, Pouyafar, A, Bagheri, HS, Fathi, F, et al. Estradiol modulated colorectal cancer stem cells bioactivity and interaction with endothelial cells. Life Sci (2020) 257:118078. doi: 10.1016/j.lfs.2020.118078

33. Heijmans, J, Wielenga, MC, Rosekrans, SL, van Lidth de Jeude, JF, Roelofs, J, Groothuis, P, et al. Oestrogens promote tumorigenesis in a mouse model for colitis-associated cancer. Gut (2014) 63(2):310–6. doi: 10.1136/gutjnl-2012-304216

34. Kobayashi, EH, Suzuki, T, Funayama, R, Nagashima, T, Hayashi, M, Sekine, H, et al. Nrf2 suppresses macrophage inflammatory response by blocking proinflammatory cytokine transcription. Nat Commun (2016) 7:11624. doi: 10.1038/ncomms11624

35. Son, HJ, Sohn, SH, Kim, N, Lee, HN, Lee, SM, Nam, RH, et al. Effect of estradiol in an azoxymethane/dextran sulfate sodium-treated mouse model of colorectal cancer: implication for sex difference in colorectal cancer development. Cancer Res Treat (2019) 51(2):632–48. doi: 10.4143/crt.2018.060

36. Song, CH, Kim, N, Hee Nam, R, In Choi, S, Hee Son, J, Eun Yu, J, et al. 17β-Estradiol strongly inhibits azoxymethane/dextran sulfate sodium-induced colorectal cancer development in Nrf2 knockout male mice. Biochem Pharmacol (2020) 182:114279. doi: 10.1016/j.bcp.2020.114279

37. Wilkins, HR, Doucet, K, Duke, V, Morra, A, and Johnson, N. Estrogen prevents sustained COLO-205 human colon cancer cell growth by inducing apoptosis, decreasing c-myb protein, and decreasing transcription of the anti-apoptotic protein bcl-2. Tumour Biol (2010) 31(1):16–22. doi: 10.1007/s13277-009-0003-2

38. Abd Ellateef, A, Mohamed, AES, Elhakeem, AA, and Ahmed, SF. Estrogen and progesterone expression in colorectal carcinoma: A clinicopathological study. Asian Pac J Cancer Prev (2020) 21(4):1155–62. doi: 10.31557/APJCP.2020.21.4.1155

39. Cho, NL, Javid, SH, Carothers, AM, Redston, M, and Bertagnolli, MM. Estrogen receptors alpha and beta are inhibitory modifiers of Apc-dependent tumorigenesis in the proximal colon of Min/+ mice. Cancer Res (2007) 67(5):2366–72. doi: 10.1158/0008-5472.CAN-06-3026

40. Hsu, HH, Cheng, SF, Chen, LM, Liu, JY, Chu, CH, Weng, YJ, et al. Over-expressed estrogen receptor-alpha up-regulates hTNF-alpha gene expression and down-regulates beta-catenin signaling activity to induce the apoptosis and inhibit proliferation of LoVo colon cancer cells. Mol Cell Biochem (2006) 289(1-2):101–9. doi: 10.1007/s11010-006-9153-3

41. Jiang, HP, Teng, RY, Wang, Q, Zhang, X, Wang, HH, Cao, J, et al. Estrogen receptor alpha variant ERalpha46 mediates growth inhibition and apoptosis of human HT-29 colon adenocarcinoma cells in the presence of 17beta-oestradiol. Chin Med J (Engl) (2008) 121(11):1025–31. doi: 10.1097/00029330-200806010-00012

42. Slattery, ML, Sweeney, C, Murtaugh, M, Ma, KN, Wolff, RK, Potter, JD, et al. Associations between ERalpha, ERbeta, and AR genotypes and colon and rectal cancer. Cancer Epidemiol Biomarkers Prev (2005) 14(12):2936–42. doi: 10.1158/1055-9965.EPI-05-0514

43. Giroux, V, Lemay, F, Bernatchez, G, Robitaille, Y, and Carrier, JC. Estrogen receptor beta deficiency enhances small intestinal tumorigenesis in ApcMin/+ mice. Int J Cancer (2008) 123(2):303–11. doi: 10.1002/ijc.23532

44. Caiazza, F, Galluzzo, P, Lorenzetti, S, and Marino, M. 17Beta-estradiol induces ERbeta up-regulation via p38/MAPK activation in colon cancer cells. Biochem Biophys Res Commun (2007) 359(1):102–7. doi: 10.1016/j.bbrc.2007.05.059

45. Indukuri, R, Hases, L, Archer, A, and Williams, C. Estrogen receptor beta influences the inflammatory p65 cistrome in colon cancer cells. Front Endocrinol (Lausanne) (2021) 12:650625. doi: 10.3389/fendo.2021.650625

46. He, YQ, Sheng, JQ, Ling, XL, Fu, L, Jin, P, Yen, L, et al. Estradiol regulates miR-135b and mismatch repair gene expressions via estrogen receptor-β in colorectal cells. Exp Mol Med (2012) 44(12):723–32. doi: 10.3858/emm.2012.44.12.079

47. Hsu, HH, Kuo, WW, Ju, DT, Yeh, YL, Tu, CC, Tsai, YLb, et al. Estradiol agonists inhibit human LoVo colorectal-cancer cell proliferation and migration through p53. World J Gastroenterol (2014) 20(44):16665–73. doi: 10.3748/wjg.v20.i44.16665

48. Lu, JY, Jin, P, Gao, W, Wang, DZ, and Sheng, JQ. Estrogen enhances mismatch repair by induction of MLH1 expression via estrogen receptor-β. Oncotarget (2017) 8(24):38767–79. doi: 10.18632/oncotarget.16351

49. Banerjee, A, Cai, S, Xie, G, Li, N, Bai, X, Lavudi, K, et al. A novel estrogen receptor β Agonist diminishes ovarian cancer stem cells via suppressing the epithelial-to-mesenchymal transition. Cancers (Basel) (2022) 14(9). doi: 10.3390/cancers14092311

50. Motylewska, E, Stasikowska, O, and Mełeń-Mucha, G. The inhibitory effect of diarylpropionitrile, a selective agonist of estrogen receptor beta, on the growth of MC38 colon cancer line. Cancer Lett (2009) 276(1):68–73. doi: 10.1016/j.canlet.2008.10.050

51. Nakayama, Y, Sakamoto, H, Satoh, K, and Yamamoto, T. Tamoxifen and gonadal steroids inhibit colon cancer growth in association with inhibition of thymidylate synthase, survivin and telomerase expression through estrogen receptor beta mediated system. Cancer Lett (2000) 161(1):63–71. doi: 10.1016/S0304-3835(00)00600-5

52. Zhu, L, Liu, S, Liao, YF, Sheng, YM, He, JC, Cai, ZX, et al. Calycosin suppresses colorectal cancer progression by targeting ERβ, upregulating PTEN, and inhibiting PI3K/Akt signal pathway. Cell Biol Int (2022) 46(9):1367–77. doi: 10.1002/cbin.11840

53. Liu, T, Zhao, M, Peng, L, Chen, J, Xing, P, Gao, P, et al. WFDC3 inhibits tumor metastasis by promoting the ERβ-mediated transcriptional repression of TGFBR1 in colorectal cancer. Cell Death Dis (2023) 14(7):425. doi: 10.1038/s41419-023-05956-0

54. Liu, Q, Chen, Z, Jiang, G, Zhou, Y, Yang, X, Huang, H, et al. Epigenetic down regulation of G protein-coupled estrogen receptor (GPER) functions as a tumor suppressor in colorectal cancer. Mol Cancer (2017) 16(1):87. doi: 10.1186/s12943-017-0654-3

55. Gilligan, LC, Rahman, HP, Hewitt, AM, Sitch, AJ, Gondal, A, Arvaniti, A, et al. Estrogen activation by steroid sulfatase increases colorectal cancer proliferation via GPER. J Clin Endocrinol Metab (2017) 102(12):4435–47. doi: 10.1210/jc.2016-3716

56. Abancens, M, Harvey, BJ, and Mcbryan, J. GPER agonist G1 prevents wnt-induced JUN upregulation in HT29 colorectal cancer cells. Int J Mol Sci (2022) 23(20). doi: 10.3390/ijms232012581

57. Tsai, HW, Ho, CL, Cheng, SW, Lin, YJ, Chen, CC, Cheng, PN, et al. Progesterone receptor membrane component 1 as a potential prognostic biomarker for hepatocellular carcinoma. World J Gastroenterol (2018) 24(10):1152–66. doi: 10.3748/wjg.v24.i10.1152

58. Singh, S, Sheppard, MC, and Langman, MJ. Sex differences in the incidence of colorectal cancer: an exploration of oestrogen and progesterone receptors. Gut (1993) 34(5):611–5. doi: 10.1136/gut.34.5.611

59. Zhang, YL, Wen, XD, Guo, X, Huang, SQ, Wang, TT, Zhou, PT, et al. Progesterone suppresses the progression of colonic carcinoma by increasing the activity of the GADD45α/JNK/c−Jun signalling pathway. Oncol Rep (2021) 45(6). doi: 10.3892/or.2021.8046

60. Dabizzi, S, Noci, I, Borri, P, Borrani, E, Giachi, M, Balzi, M, et al. Luteinizing hormone increases human endometrial cancer cells invasiveness through activation of protein kinase A. Cancer Res (2003) 63(14):4281–6.

61. Zhang, Z, Gao, W, Zhou, L, Chen, Y, Qin, S, Zhang, L, et al. Repurposing brigatinib for the treatment of colorectal cancer based on inhibition of ER-phagy. Theranostics (2019) 9(17):4878–92. doi: 10.7150/thno.36254

62. Liu, D. Gene signatures of estrogen and progesterone receptor pathways predict the prognosis of colorectal cancer. FEBS J (2016) 283(16):3115–33. doi: 10.1111/febs.13798

63. Tanaka, Y, Kato, K, Mibu, R, Uchida, S, Asanoma, K, Hashimoto, K, et al. Medroxyprogesterone acetate inhibits proliferation of colon cancer cell lines by modulating cell cycle-related protein expression. Menopause (2008) 15(3):442–53. doi: 10.1097/gme.0b013e318156fb77

64. Wang, HC, Huo, YN, and Lee, WS. Activation of progesterone receptor is essential for folic acid-regulated cancer cell proliferation and migration. J Nutr Biochem (2023) 112:109205. doi: 10.1016/j.jnutbio.2022.109205

65. Ting, PC, Lee, WR, Huo, YN, Hsu, SP, and Lee, WS. Folic acid inhibits colorectal cancer cell migration. J Nutr Biochem (2019) 63:157–64. doi: 10.1016/j.jnutbio.2018.09.020

66. Kuo, CT, and Lee, WS. Progesterone receptor activation is required for folic acid-induced anti-proliferation in colorectal cancer cell lines. Cancer Lett (2016) 378(2):104–10. doi: 10.1016/j.canlet.2016.05.019

67. Kuo, CT, Chang, C, and Lee, WS. Folic acid inhibits COLO-205 colon cancer cell proliferation through activating the FRα/c-SRC/ERK1/2/NFκB/TP53 pathway: in vitro and in vivo studies. Sci Rep (2015) 5:11187. doi: 10.1038/srep11187

68. Mahbub, AA, Aslam, A, Elzubier, ME, El-Boshy, M, Abdelghany, AH, Ahmad, J, et al. Enhanced anti-cancer effects of oestrogen and progesterone co-therapy against colorectal cancer in males. Front Endocrinol (Lausanne) (2022) 13:941834. doi: 10.3389/fendo.2022.941834

69. Wang, X, Li, X, Fan, F, Jiao, S, Wang, L, Zhu, L, et al. PAQR3 plays a suppressive role in the tumorigenesis of colorectal cancers. Carcinogenesis (2012) 33(11):2228–35. doi: 10.1093/carcin/bgs245

70. Check, JH, Dix, E, Sansoucie, L, and Check, D. Mifepristone may halt progression of extensively metastatic human adenocarcinoma of the colon - case report. Anticancer Res (2009) 29(5):1611–3.

71. Lin, M, Du, T, Tang, X, Liao, Y, Cao, L, Zhang, Y, et al. An estrogen response-related signature predicts response to immunotherapy in melanoma. Front Immunol (2023) 14:1109300. doi: 10.3389/fimmu.2023.1109300

72. Shee, K, Yang, W, Hinds, JW, Hampsch, RA, Varn, FS, Traphagen, NA, et al. Therapeutically targeting tumor microenvironment-mediated drug resistance in estrogen receptor-positive breast cancer. J Exp Med (2018) 215(3):895–910. doi: 10.1084/jem.20171818

73. Hurley, PJ, Hughes, RM, Simons, BW, Huang, J, Miller, RM, Shinder, B, et al. Androgen-regulated SPARCL1 in the tumor microenvironment inhibits metastatic progression. Cancer Res (2015) 75(20):4322–34. doi: 10.1158/0008-5472.CAN-15-0024

74. Chakraborty, B, Byemerwa, J, Shepherd, J, Haines, CN, Baldi, R, Gong, W, et al. Inhibition of estrogen signaling in myeloid cells increases tumor immunity in melanoma. J Clin Invest (2021) 131(23). doi: 10.1172/JCI151347

75. Madeo, A, and Maggiolini, M. Nuclear alternate estrogen receptor GPR30 mediates 17beta-estradiol-induced gene expression and migration in breast cancer-associated fibroblasts. Cancer Res (2010) 70(14):6036–46. doi: 10.1158/0008-5472.CAN-10-0408

76. Leach, DA, Need, EF, Trotta, AP, Grubisha, MJ, DeFranco, DB, and Buchanan, G. Hic-5 influences genomic and non-genomic actions of the androgen receptor in prostate myofibroblasts. Mol Cell Endocrinol (2014) 384(1-2):185–99. doi: 10.1016/j.mce.2014.01.004

77. Li, XF, Selli, C, Zhou, HL, Cao, J, Wu, S, Ma, RY, et al. Macrophages promote anti-androgen resistance in prostate cancer bone disease. J Exp Med (2023) 220(4). doi: 10.1084/jem.20221007

78. Werner, LR, Gibson, KA, Goodman, ML, Helm, DE, Walter, KR, Holloran, SM, et al. Progesterone promotes immunomodulation and tumor development in the murine mammary gland. J Immunother Cancer (2021) 9(5). doi: 10.1136/jitc-2020-001710

79. Xia, Z, Xiao, J, Dai, Z, and Chen, Q. Membrane progesterone receptor α (mPRα) enhances hypoxia-induced vascular endothelial growth factor secretion and angiogenesis in lung adenocarcinoma through STAT3 signaling. J Transl Med (2022) 20(1):72. doi: 10.1186/s12967-022-03270-5

80. Milette, S, Hashimoto, M, Perrino, S, Qi, S, Chen, M, Ham, B, et al. Sexual dimorphism and the role of estrogen in the immune microenvironment of liver metastases. Nat Commun (2019) 10(1):5745. doi: 10.1038/s41467-019-13571-x

81. Jiang, L, Fei, H, Yang, A, Zhu, J, Sun, J, Liu, X, et al. Estrogen inhibits the growth of colon cancer in mice through reversing extracellular vesicle-mediated immunosuppressive tumor microenvironment. Cancer Lett (2021) 520:332–43. doi: 10.1016/j.canlet.2021.08.011

82. Tzelepi, V, Grivas, P, Kefalopoulou, Z, Kalofonos, H, Varakis, JN, Melachrinou, M, et al. Estrogen signaling in colorectal carcinoma microenvironment: expression of ERbeta1, AIB-1, and TIF-2 is upregulated in cancer-associated myofibroblasts and correlates with disease progression. Virchows Arch (2009) 454(4):389–99. doi: 10.1007/s00428-009-0740-z

83. Song, CH, Kim, N, Nam, RH, Choi, SI, Jang, JY, Kim, JW, et al. Combination treatment with 17β-estradiol and anti-PD-L1 suppresses MC38 tumor growth by reducing PD-L1 expression and enhancing M1 macrophage population in MC38 colon tumor model. Cancer Lett (2022) 543:215780. doi: 10.1016/j.canlet.2022.215780




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 © 2023 Wenxuan, Liu, Zhang, Qiu, Wu and Deng. 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/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2023.1323826_cover.jpg
, frontiers ‘ Frontiers in Oncology

Role of gonadally synthesized steroid
hormones in the colorectal cancer
microenvironment





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Role of gonadally synthesized steroid hormones in the colorectal cancer microenvironment

      

        		

          Objective

        



        		

          Methods

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Steroid hormones synthesized by the gonads

        



        		

          3 Hormones and their receptors in colorectal cancer cells

        

          		

            3.1 Androgens and their receptors and colorectal cancer

          



          		

            3.2 Estrogen and its receptors and colorectal cancer

          



          		

            3.3 progesterone and its receptors and colorectal cancer

          



        



        



        		

          4 Androgens, estrogens, progesterones and their receptors in colorectal cancer TMEs

        



        		

          5 Summary and prospects

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Acts with colorectal Related

gonadotropin Related Pathways

cancer cells articles
Androgens and Down-regulation of PI-3K and Akt activity induces p-Bad
their receptors mAR dephosphorylation/activation of p-Bad inhibition (26)
Control of early testost -induced acti
mAR Up-regulation of FAK / mTOR / p70S6K / PAKI signalling pathway o Ot €4l testosteronerincuced actin .
reorganisation in colon cancer cells @7)
Down-regulation of c-Src, GSK-3 and B-collagen signalling
mAR pathway inhibition facilitation 28)
Estrogen and
its receptors E2 Up-regulation of ERB-related pathways in the absence of NRF2 facilitation (34)
B Inducu‘on' of apopmsls,‘reducumr of c-n‘fyb protein and reduction of inhibition
transcription of the anti-apoptotic protein bcl-2 (35)
E2 P38/MAPK pathway induces ERB upregulation facilitation (43)
Estradiol
agonists P53 pathway inhibition (46)
Up-regulation of hTNF-o: gene expression down-regulates [3-
ERa. collagen signalling facilitation (39)
GPER Down-regulation of the Wnt/B-collagen signalling pathway facilitation (54)
Progesterone and Up-regulation of GADD450. enhances JNK pathway, inhibits cell
its receptors P cycle, induces apoptosis and suppresses cell proliferation facilitation (59)
MPA Up-regulation of cell surface Fas and FasL causes cell cycle arrest facilitation (60)
Up-regulation of p27 enhances folate receptor (FR) ot/cSrc/ERK1/2/
FA NFKB/p53 pathway facilitation (65)

mAR, Membrane Androgen Receptors; E2, Estrogen; ER0,, Estrogen Receptors o; GPERG, protein estrogen-coupled receptor; MPA, Medroxyprogesterone acetate; FA, Folic acid;.





