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Malignant melanoma, with its increasing incidence and high potential to form metastases, is one of the most aggressive types of skin malignancies responsible for a significant number of deaths worldwide. However, melanoma also demonstrates a high potential for induction of a specific adaptive anti-tumor immune response being one of the most immunogenic malignancies. Yin Yang 1 (YY1) transcription factor is essential to numerous cellular processes and the regulation of transcriptional and posttranslational modifications of various genes. It regulates programmed cell death 1 (PD1) and lymphocyte-activation gene 3 (LAG3) by binding to its promoters, as well as suppresses both Fas and TRAIL by negatively regulating DR5 transcription and expression and interaction with the silencer region of the Fas promoter, rendering cells resistant to apoptosis. Moreover, YY1 is considered a master regulator in various stages of embryogenesis, especially in neural crest stem cells (NCSCs) survival and proliferation as it acts as transcriptional repressor on cancer stem cells-related transcription factors. In addition, YY1 increases the metastatic potential of melanoma through negative regulation of microRNA-9 (miR-9) expression, acts as a cofactor of transcription factor EB (TFEB) and contributes to autophagy regulation, mainly due to increased transcription of genes related to autophagy and lysosome biogenesis. Therefore, focusing on the detailed biology and administration of therapies that directly target YY1 or crosstalk pathways in malignant melanoma could facilitate the development of new and more effective treatment strategies and improve patients’ outcomes.
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Introduction

Malignant melanoma is one of the most aggressive types of skin malignancy, presenting high potential to form metastases. The incidence of melanoma has significantly increased all over the world within the last decades (1). Many factors can contribute to the malignant transformation of melanocytes and melanocytic lesions, among which one can distinguish a complex interaction between environmental and genetic factors (2). Oncogenic mutations in genes are widely observed in melanoma, with MEK, BRAF, NRAS, and NF1 being the most common ones (2).

The first step of the therapeutic management of cutaneous melanoma is surgical excision of the primary lesion with adequate margins. In a case of melanoma in situ or very thin melanomas (<0.8 mm), surgery is considered sufficient, whereas patients with more advanced stages often require adjuvant therapy (3). Malignant melanoma is a neoplasm which often shows resistance to standard cytotoxic treatments. However, it demonstrates a high potential for induction of a specific adaptive anti-tumor immune response being one of the most immunogenic malignancies (4). In recent years, the knowledge regarding the molecular biology of malignant melanoma has been expanding, and, thus, a huge progress in the field of immunotherapy (with its many innovative therapeutics) in the treatment of malignant melanoma has been observed. However, achieving disease remission or at least stabilization in patients with poor response to immunotherapy is almost impossible. Therefore, a better understanding of processes by which malignant cells evade immune surveillance is needed to increase treatment efficacy or reverse resistance. Recently, the possible role of the Yin Yang 1 (YY1) transcription factor in the pathogenesis and drug resistance of malignant melanoma is considered.

YY1, also known as a nuclear factor-E1 (NF-E1), is a GLI-Kruppel class of zinc finger protein transcription factors (5). YY1 is ubiquitously expressed, and its expression is on the same level within all tissues of the human body (6). This multifunction protein is essential to numerous cellular processes and the regulation of transcriptional and posttranslational modifications of various genes (7–9). The transcription factor YY1 has been studied in many cancers. To date, it was shown that YY1 exerts a role in tumorigenesis, mainly through alteration in cell cycle signaling pathways, the process of epithelial-mesenchymal transition, resistance to immunotherapy and targeted therapy, as well as the formation of metastasis (10–13). Moreover, the role of YY1 in modulating chronic inflammation, apoptosis evasion, angiogenesis, and genome instability have been previously described in the literature (14–16).

In the present review, we have highlighted the importance of the overexpression of the transcription factor YY1 in malignant melanoma tumorigenesis and its possible role in tumor surveillance and treatment resistance.



The Structure and Function of Yin Yang 1 Protein

The human YY1 consists of 414 amino acids and was first described as a transcriptional repressor that interacts with the P5 promoter for the adeno-associated virus (5, 17). However, YY1 can either positively or negatively regulate its target genes, acting as both a transcriptional activator and repressor. YY1 recognizes and binds to specific DNA sequences through the four zincs fingers, forming the DNA-binding domain (18). Both DNA binding-dependent and independent functions of YY1 have been already described. A recent study showed that YY1 also controls gene expression by binding to active enhancers and promoter-proximal elements (19). Furthermore, the pattern of this control varies due to the many interactions with versatile proteins. YY1 can also act indirectly, by affecting the chromatin state via the recruitment of histone methylases, acetylases, and deacetylases (20–22). These findings could enlighten the variety of YY1’s functions including gene activation and repression. YY1 might impact positive or negative effects on transcription by influencing the positioning of other transcription factors in enhancers and promoters.



YY1 and Immune Cells

The expression of YY1 influences the development of B and T cells on every stage (23). Germinal centers are vitally important for humoral immunity. During germinal center development, B cells depend strictly on YY1 expression (24). It was shown that the deletion of the YY1 gene reduces the amount of germinal center B cells and decreases survival. Interestingly, YY1 possesses dual functions, either as an activator or repressor. YY1 induces Th2 cells differentiation and, contrarily, blocks Treg cell differentiation and function. To control Th2 cytokine genes, YY1 mediates chromatin remodeling and chromosomal lopping of the Th2 cytokine locus (25). The primary function of Treg cells is the prevention of excessive immune response through inhibition of differentiation and proliferation of other T cells subpopulations, such as Th1, Th2, Th17, and Tfh cells (26). YY1 inhibits the differentiation and function of Treg cells by blocking Foxp3 – a transcription factor for Treg cells (27). Since melanomas are infiltrated by large numbers of Tregs to evade immune response, downregulation of the Treg cells’ function in tumor microenvironment may enhance protective immunity against this cancer. On the other hand, the YY1 seems to promote T cell exhaustion by repressing IL-2 and upregulating checkpoint inhibitors. Exploring the exact role of YY1 on the molecular riddles of the melanoma microenvironment may shed light on new and better treatment strategies against this cancer.



Malignant Melanoma Evades and Inhibits Immune Responses

Malignant melanoma may evade the host’s cellular regulatory and immune system. Chronic inflammation can lead to exhaustion of the immune system, and inhibitory receptors and their ligands play a crucial role in this process (28). The persistent antigen exposure by melanoma cells is dependent on the up-regulation of immune checkpoints, such as programmed cell death 1 (PD1), cytotoxic T lymphocyte antigen 4 (CTLA4), T-cell immunoglobulin, and mucin-domain containing-3 (TIM3) or lymphocyte-activation gene 3 (LAG3) and results in negative feedback for the cytotoxic T-cells. Thus, blocking the different immune checkpoints has become a cornerstone of modern immunotherapy and the usefulness of CTLA-4, PD-1 and PD-L1/2 blockers in advanced melanoma therapy has been most widely studied to date (29, 30). However, there is still a large group of patients in whom treatment with checkpoint inhibitors proved to be unsuccessful. In addition, prolonged treatment with the same medication could potentially lead to cross-resistance to a variety of therapies.



Regulation of PD1 and LAG3 by YY1

Interestingly, YY1 regulates PD1 and LAG3 by binding to the promoters of PD1 and LAG3. In the study provided by Balkhi et al. (31), mutation of the YY1’s binding sites elicits increased transcription with repeat T-cell stimulation, which proves that both PD1 and LAG3 are positively regulated by YY1 (Figure 1). In melanoma, functional exhaustion with increased fractions of PD1+ CD4 cells were found to be associated with a high level of YY1. On the other hand, downregulation of YY1 in repeatedly stimulated cells causes a reduction of PD1 and LAG3. Moreover, in the aforementioned study, 15 human melanoma samples and 10 normal skin biopsies were examined. Exhaustion of tumor-infiltrating lymphocytes was mostly tied with overexpression of PD1, along with YY1-cofactor Ezh2. In normal skin, no exhaustion markers were found. Human melanoma sections stained by immunofluorescence showed activation of the p38MAPK/JNK pathway in tumor-infiltrating lymphocytes, which drives YY1 expression, leading to PD1 upregulation. These findings significantly improved our knowledge of the relevance of T-cell activation through a p38MAPK/JNK/YY1 pathway.




Figure 1 | Schematic diagram illustrating the regulation of PD1 and LAG3 by YY1. Stimulation of receptors on the immune cells results in the activation of the MAP3K, leading to the upregulation of JNK and p38. p38 and JNK, in turn, activate YY1. YY1 bind to the PD1 and LAG3 promoters to initiate transcription. This mechanism is correlated with the exhaustion of tumor infiltrating T lymphocytes, and thus assists melanoma progression.



The specific tumor microenvironment uses several mechanisms to defend itself from cell death mediated by cytotoxic T-cells (32). One of them is an upregulation of PD-L1 expression. Multiple pathways have been identified by which YY1 could be involved in regulating PD-L1 expression. Recent findings indicate that therapies directly targeting YY1 or cross talk pathways could improve patients’ outcomes due to the downregulation of PD-L1 expression on tumor cells.



YY1 Regulates Drug Resistance in Melanoma

During tumorigenesis, pathways that regulate cell survival and apoptosis, become dysregulated. Bonavida et al. proposed a model of a dysregulated circuit consisting of the NF-κB/Snail/YY1/PTEN/RKIP loop, which may be crucial for melanoma cell growth, survival, and drug resistance (33, 34). Upon activation, the NF-κB signaling pathway (via autophagosomes, p62 and JNK signaling leading to the expression of their target genes HIF-1α, IL-8, BCL2 and BCLXL) regulates the transcription of YY1 and Snail 1 (35). In response to stimulation, these target genes further negatively regulate the phosphatase, and tensin homolog (PTEN), and RKIP which in turn activates the AKT/mTOR-C1 pathway and its interaction with LC3. Contrarily, the induction of RKIP downregulates NF-κB signaling and thus inhibits YY1 and Snail 1. At the same time, the expression of PTEN inhibits the PI3K/AKT (phosphoinositide-3-kinase/AKT) pathway (Figure 2) leading to a significant inhibition of AKT-mediated signaling pathway, but also to autophagy proteins such as LC3-I/II, LAMP, cathepsin B, and PI3K-AKT-MTOR. Increased PI3K/AKT activity appears to have a major role in resistance to BRAF inhibitors (36).




Figure 2 | Schematic diagram illustrating the mechanism by which YY1 regulates drug resistance in cancers: Activation of the YY1 negatively regulates DR5 transcription by binding to the DR5 promoter region, which elicits resistance to TRAIL-induced apoptosis. YY1 binds to the silencer region of the Fas promoter, blocks Fas expression and further leads to downregulation of Fas expression and resistance of cancerous cells to Fas-mediated apoptosis. High NF-kB expression corresponds to low RKIP expression, as well as NF-kB induces YY1 expression, which then represses PTEN. The underexpression of Fas is also caused by NF-κB’s activation of YY1. YY1 induces SNAIL, the repressor of RKIP. Expression of YY1 and Snail is participating in downregulation of PTEN and DR5. As a result, YY1 promotes epithelial to mesenchymal transition (EMT) and metastasis through upregulation of Snail.



The regulation of various processes in cancer cells is strongly dependent on the different expression levels of each of the gene products. There is evidence revealing that YY1 is involved in melanoma resistance to apoptosis (37, 38). The extrinsic pathway of apoptosis involves death ligands on the surface of cytotoxic cells, which bind corresponding receptors on target cells. The molecular pathways by which Fas and TRAIL activate both the extrinsic and intrinsic apoptosis pathways have been well characterized (39). However, the exact mechanisms of resistance to TRAIL and Fas have not yet been fully elucidated. YY1 may play a role in this process, as YY1 can suppress both Fas and TRAIL, rendering cells resistant to apoptosis. Expression of Fas is negatively regulated by the interaction of YY1 with the silencer region of the Fas promoter (40). In another mechanism, YY1 negatively regulates DR5 transcription and expression, inducing resistance to TRAIL-induced apoptosis (41). Fas and TRAIL-mediated apoptosis can be restored by inhibiting YY1, which can reverse the resistance to many drugs.

The studies of new and more effective treatment strategies for melanoma are of great interest as still many patients with advanced melanomas demonstrate poor outcomes. As already mentioned, YY1 strongly contributes to the pathogenesis of this malignancy. The research above describes numerous melanoma oncogenes, several of which seem to be a good target for future therapies. Patients with melanoma may benefit from the inhibition of EMT. This approach aims to target miRNAs to downregulate YY1 expression and result in the inhibition of EMT in cancer cells (42). Previous findings demonstrated that YY1 is inhibited by nitric oxide. In the NF-κB/SNAIL/YY1/RKIP/PTEN loop, nitric oxide donors downregulate YY1 through S-nitrosylation and subsequently lead to inhibition of EMT. Inhibiting YY1 by nitric oxide may also sensitize melanoma cells to immunotherapies, like Fas-L, TRAIL, and anti-PDL1-dependent treatment (32, 41, 43). Moreover, YY1 activity is reduced significantly by rituximab, which results in up-regulation of Fas-induced apoptosis. Therefore, combined treatment with YY1 inhibitors may help overcome the problem of tumor cells’ resistance (39). Finally, YY1 promotes melanoma angiogenesis, acting as a positive regulator of VEGF. A therapeutic intervention involving this mechanism may reduce neoangiogenesis and tumor growth

Still, many questions arise regarding the exact role of YY1 in melanoma pathogenesis, progression, and drug resistance. A deeper characterization of YY1 molecular pathways of action may help define novel biomarkers useful in the prognosis of melanoma.



YY1 and Cancer Stem Cells

Malignant melanoma originates from differentiated melanocytes that arise from neural crest stem cells (NCSCs) (44). However, a multitude of biochemical data suggests that it could also originate from cancer stem cells (CSCs) called tumor-initiating cells (TICs). CSCs are pluripotent cells with self-renewal potential, allowing cell proliferation without losing its differentiation potential. They are proved to be associated with worse clinical outcomes. The multilineage differentiation abilities can contribute to melanoma diversity and heterogeneity (45, 46). Assuming that melanoma formation is related to the CSC population, identifying molecular targets in these cells could help to provide new treatment modalities. It seems that YY1 may be associated with melanoma CSCs.

Overexpression of many transcription factors such as SRY-Box Transcription Factor 2 (SOX2), octamer-binding transcription factor 4 (OCT4), B lymphoma Mo-MLV insertion region 1 homolog (BMI1), and Nanog Homeobox protein (NANOG) have been identified as key players in CSCs-related tumor initiation and metastasis formation. Interestingly, YY1 expression may also depend on Sox2, OCT4, BMI1, and NANOG’s activities (47). The study by Kaufhold et al. (47) has identified YY1 as a possible transcriptional repressor that acts on CSCs-related transcription factors. The correlation between expression levels of YY1 and Sox2 was observed among all cancer types. Subsequently, the four groups of cancers were distinguished. The highest expression of YY1 and Sox2 proteins represented the group assembled by melanoma, colorectal cancer, and lymphomas. In addition, the study showed the presence of putative YY1 binding sites on all regulatory regions of the transcription factors. However, none of the putative transcription binding sites for BMI1, SOX2, and OCT4 were found on the YY1 or each other’s regulatory regions, suggesting a multi-dynamic regulatory control of expression.

The invasiveness of malignant melanoma is attributed by some authors to SOX2 overexpression. Conversely, recent studies revealed that malignant melanoma initiation and progression are not affected by complete inhibition of SOX2 function (48). It can be explained by different study designs, as well as the aforementioned melanoma heterogeneity. Another set of data suggests that melanoma formation in vitro and in vivo is counteracted by the inactivation of neural crest stem cell factor SOX10. Furthermore, a subset of genes bound by YY1 is also co-bound by SOX10, which strongly suggests a connection between YY1-dependent metabolic processes and SOX10 (48). YY1 is considered a master regulator in various stages of embryogenesis, especially in NCSCs survival and proliferation.

YY1 plays a crucial role in metabolic reprogramming that converts a normal melanocyte into a melanoma-competent cell. This transition is achieved via binding and regulation of a subset of genes responsible for glucose metabolism, mitochondrial electron transfer chain, tricarboxylic acid cycle, one carbon metabolism, nucleotide metabolism, and protein synthesis. Varum et al. have found that the loss of YY1 leads to, among others, a reduction in basal oxygen consumption rates, maximal respiratory capacity, and ATP turnover, essential for cancer proliferation. These findings were especially expressed in melanoma cells, suggesting their particular sensitiveness to YY1 knockdown. They also reported that YY1 not only co-binds in different combinations with SOX10 and MITF (Melanocyte Inducing Transcription Factor) but also controls a MITF and c-MYC-regulated gene set. Therefore, it affects cancer stem cells metabolism in melanoma (49, 50).



The Role of YY1 in Tumor Angiogenesis

Angiogenesis is crucial in the growth of various cancers, including malignant melanoma. This process allows to supply nutrients and oxygen to tumor cells. Studies have shown that without angiogenesis, the growth of a tumor larger than 1 mm is restricted, as diffusion of oxygen from blood vessels is not sufficient (51). To date, the family of vascular endothelial growth factors (VEGFs) turned out to be the major mediator of tumor angiogenesis. VEGF family consists of structurally related molecules including VEGF-A, VEGF-B, VEGF-C, VEGF-D, among which VEGF-A is typically referred to as VEGF (52). Through interaction with the VEGF receptor (VEGFR), VEGF promotes endothelial cell proliferation, which further mediates sprouting of angiogenesis. YY1 may participate in this process through positive regulation of VEGF transcription (53, 54). Moreover, YY1 regulates the increase of VEGF by suppressing HIF-1α proteasomal degradation which causes its accumulation (Figure 3). HIF-1α plays a pivotal role in the adaptation of cancer cells to hypoxia, as well as promotes tumor angiogenesis through contribution to endothelial cell proliferation and migration (55). A fraction of cells that can survive hypoxia exhibit a more invasive phenotype and refraction to anticancer therapies. In another mechanism, YY1 can influence tumor angiogenesis by increasing the expression of angiopoietin factors ANG-1 and ANG-2, which are mediators of microvascular remodeling and capillary maturation (Figure 3). Current findings suggest that YY1 regulates the expression of angiogenic genes that are critical for proper vascular development and maintaining homeostasis. The study conducted by Zhang et al. showed that endothelial cell specific YY1 deletion in mice causes embryonic lethality due to abnormal angiogenesis (56). Extensive research also revealed that YY1 deletion in the tamoxifen-inducible endothelial cell-specific YY1 deficient mouse model inhibited angiogenesis and the melanoma growth (57). A high level of YY1 expression was noted in tumor cells and tumor-associated endothelial cells in human melanoma tissues. These findings suggest that silencing endothelial YY1 could decline melanoma angiogenesis and thus can be a potential effective treatment option. Future research should focus on the usefulness of nitric oxide and rituximab to decrease tumor angiogenesis, as those drugs can potentially inhibit YY1 expression (39, 40).




Figure 3 | Schematic diagram illustrating the role of YY1 in tumor angiogenesis. YY1 regulates the increase of VEGF by suppressing HIF-1α, which also upregulates the expression of angiopoietin factors ANG-1 and ANG-2.





YY1 and Melanoma Metastasis

Tumor metastasis is an intricate process involving various signaling pathways. Genetic alterations enable the cancer cells to acquire the biological properties essential for forming distinct metastasis. Zhao et al. discovered that YY1 increases the metastatic potential of melanoma through negative regulation of microRNA-9 (miR-9) expression (58). MiR-9 acts as a NF-κB-Snail1 pathway suppressor, therefore, inhibits migration and invasion of malignant melanoma cells (59, 60). MiR-9 directly binds to RING1 and YY1 binding protein (RYBP) 3′ untranslated region (3’UTR), thus leading to mRNA degradation. These findings demonstrated a potential role of RYBP as an oncogene by identification of a novel and vital YY1 ~ miR-9 ~ RYBP axis (58).

YY1 expression is closely related to tumor metastasis. YY1 directly binds the snail 3’ enhancer, which regulates snail transcription. To change the chromatin structure of the 3’ enhancer, YY1 participates in the recruitment of histone modification enzymes. It is well known that the migratory capacity of cancers is defined by snail overexpression. The regulation of the Snail gene is crucial for the epithelial-mesenchymal transitions (EMT), a process in which epithelial cells acquire invasive properties by transformation into migrating mesenchymal cells. EMT is essential for cancer invasiveness. As mentioned before, YY1 is an integral part of the NF-κB/Snail/YY1/RKIP axis, which in turn is the positive EMT regulator. However, the exact regulation of the Snail gene by the YY1 is not yet fully understood.



YY1 and Autophagy

The importance of autophagy in the regulation of cancer cell biology and its response to various therapies is now intensively investigated. Autophagy is an intracellular degradative process. This mechanism requires the formation of autophagosomes and then fusion with lysosomes. Some studies to date have shown that the resistance of cancer cells to anticancer drugs can increase through the upregulation of autophagy (61, 62). It was recently introduced that YY1 acts as a cofactor of TFEB and contributes to autophagy regulation, mainly due to increased transcription of genes related to autophagy and lysosome biogenesis (63, 64). These authors also investigated whether YY1 mediated autophagy could modulate the activity of one of the commonly used in melanoma patients BRAF inhibitors – vemurafenib (63). Interestingly, the research showed that suppression of YY1 contributes to increased antitumor efficacy of vemurafenib (63).

Therefore, YY1 directs the apoptosis-anti-apoptosis balance in favor of tumor cells survival, protecting the cells from damage and activating autophagy-mediated survival (65). Protein kinase inhibitor - sorafenib was shown to block human receptor tyrosine kinase (c-Kit), platelet-derived growth factor receptor (PDGFR), vascular endothelial growth factor receptor (VEGFR), BRAF, and c-RAF signaling pathways both in vitro and in vivo. It prevents the tumor growth of hepatocellular, breast, and pancreatic cancer types and suppresses tumor growth and metastasis in melanoma by c-Kit inhibition (66). Interestingly, sorafenib may sensitize melanoma to vemurafenib through activation of oxidative stress (upregulated reactive oxygen species production, malondialdehyde, and iron, but decreased glutathione concentration). Moreover, sorafenib strongly promoted vemurafenib-mediated cell death (67).



YY1 as a Prognostic Marker of Melanoma

YY1 is characterized by a multifunctional mechanism of action, as it can act as an initiator, activator, or repressor of transcription. Increased levels of YY1 have been observed in both primary and metastatic melanoma (58). The overexpression of YY1 might be associated with melanoma progression, as it is involved in many biological processes, including modulation of the immune response, apoptosis, epithelial to mesenchymal transition, angiogenesis, and metastasis formation. Given that YY1 is essential for many biological processes, it may be an interesting prognostic target for melanoma.

Bioinformatics analyses on the expression of YY1 in melanomas seem to confirm the relevant role of this transcription factor in melanoma development and progression (68). It was revealed that an increased level of YY1 positively correlates with mRNA expression of the nectin like molecule-5 (NECL-5) gene (69). NECL-5 is a cell adhesion molecule, the decrease of which reduces migration, proliferation, and metastasis of cancer cells. The study conducted by Bevelacqua et al. suggests that NECL-5 may be a potential marker of melanoma progression (69). Additional bioinformatics studies also suggested an association between YY1 and MITF in melanoma progression (70). MITF activity strongly influences the phenotype of melanoma cells and determines its invasiveness (70). YY1 is one of the transcription factors that regulate MITF-dependent genes. Moreover, both MITF and YY1 are localized in the area of promoters of genes important in melanocyte differentiation. Besides MITF, transcription factor activator protein 2 A (TFAP2A) and SOX10 have also been identified to be localized alongside YY1. Furthermore, MITF interacts with PBAF (polybromo-associated BRG1/BRM-associated factor) chromatin remodelling complex comprising BRG1 and CHD7 (chromodomain helicase DNA binding protein 7) (71). BRG1 is essential for melanoma cell proliferation in vitro and for normal melanocyte development in vivo and combinations of MITF, SOX10, TFAP2A, and YY1 bind between two BRG1-occupied nucleosomes thus defining both a signature of transcription factors essential for the melanocyte lineage and a specific chromatin organization of the regulatory elements they occupy (71). Finally, recently published data of genome wide association study identified about 20 melanoma susceptibility loci, one of which was MX2 – the HIV-1 restriction gene (72). It was shown that the level of MX2 expression is critically mediated by YY1 further underlying the role of YY1 in melanoma (72).

However, still many questions arise regarding the exact role of YY1 in melanoma pathogenesis, progression, and drug resistance. A deeper characterization of YY1 molecular pathways of action may help to define novel biomarkers useful in melanoma prognosis. Future studies must investigate those molecular pathways to find more putative targets to develop innovative therapeutic approaches.



Conclusions

In summary, YY1 seems to play a crucial role in many of the metabolic processes. Therefore, focusing on the detailed biology and administration of therapies that directly target YY1 or crosstalk pathways in malignant melanoma could facilitate the development of new and more effective treatment strategies and improve patients’ outcomes.
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