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CD10, a zinc-dependent metalloprotease found on the cell surface, plays a pivotal role in an array of physiological and pathological processes including cardiovascular regulation, immune function, fetal development, pain response, oncogenesis, and aging. Recognized as a biomarker for hematopoietic and tissue stem cells, CD10 has garnered attention for its prognostic potential in the progression of leukemia and various solid tumors. Recent studies underscore its regulatory significance and therapeutic promise in combating Alzheimer’s disease (AD), and it is noted for its protective role in preventing heart failure (HF), obesity, and type-2 diabetes. Furthermore, CD10/substance P interaction has also been shown to contribute to the pain signaling regulation and immunomodulation in diseases such as complex regional pain syndrome (CRPS) and osteoarthritis (OA). The emergence of COVID-19 has sparked interest in CD10’s involvement in the disease’s pathogenesis. Given its association with multiple disease states, CD10 is a prime therapeutic target; inhibitors targeting CD10 are now being advanced as therapeutic agents. This review compiles recent and earlier literature on CD10, elucidating its physicochemical attributes, tissue-specific expression, and molecular functions. Furthermore, it details the association of CD10 with various diseases and the clinical advancements of its inhibitors, providing a comprehensive overview of its growing significance in medical research.
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INTRODUCTION
CD10, also known as CALLA, CMT2T, SCA43, SFE, neutral endopeptidase, neprilysin (NEP), was first identified in 1975. This type II integral membrane protein is embedded within the plasma membrane, with its principal active site exposed to the extracellular environment. As an ectoenzyme, it facilitates the proteolytic breakdown of a variety of substrates (Maguer-Satta et al., 2011). The precise functions of CD10 across different species remain elusive. Initially regarded as a tumor-specific antigen, CD10 has also been found on numerous normal cell types, both haematopoietic and non-haematopoietic, yet its contribution to normal physiology and pathological states is not well defined. Research indicates that CD10 is not only pivotal in renal proteolysis, cardiovascular regulation, and immune response but also plays a role in cell proliferation, aging, and fetal development. Moreover, it is associated with a spectrum of pathological diseases, including Alzheimer’s disease (AD), diabetes, musculoskeletal diseases (such as osteoarthritis), cancer, cardiovascular diseases, and neurodegeneration (Greif et al., 2020; Nalivaeva et al., 2020). While there have been several reviews on CD10 (Nalivaeva et al., 2020; DElia et al., 2017; Feygina et al., 2019), the body of research from the past 5 years has unveiled additional biological roles for CD10, warranting an updated comprehensive review to deepen our understanding of this molecule. In this article, we aim to consolidate the most recent discoveries concerning CD10 and elucidate its involvement in the etiology and progression of diseases, as well as discuss the therapeutic potential of CD10 inhibitors in clinical settings.
BIOLOGICAL ROLES OF CD10
The human CD10 gene is located on chromosome 3q21-27, spanning over 80 kb and consisting of 24 exons. As a transmembrane protein, CD10 contains three regions: an extracellular region, a transmembrane region, and an intracellular region (DAdamio et al., 1989). The extracellular section of CD10 is pivotal for zinc binding and the catalytic activity (McKerrow, 1987). The molecular weight of the CD10 protein varies from 90 kDa to 110 kDa due to differing extents of glycosylation across tissues. The amino acid sequences of CD10 show about a 90% identity between human and rat, with 100% conservation of essential functional motifs (Malfroy et al., 1987). CD10 has been identified in various hematopoietic tissues, including human lymphoid progenitors, germinal center B-cells, neutrophils, and T-cells (Kalled et al., 1995; de Leval et al., 2001), as well as in nonhematopoietic tissues, such as the intestinal, breast, kidney, prostate, lung, liver, placenta, brain, gonads, adrenal gland, and neurons (Chu and Arber, 2000; Thong et al., 2014; Feygina et al., 2019). Moreover, CD10 enzymatic activity has been detected in bodily fluids like cerebrospinal fluid, plasma, and amniotic fluid (Spillantini et al., 1990).
CD10 serves as an integral enzyme across multiple organ systems, orchestrating critical biological processes such as deactivating enkephalins in the brain, neutralizing tachykinin in the airways, metabolizing cardiac bradykinin, and degrading neurotransmitter in nociceptive nerve fibers (Back and Gorenstein, 1989; Kramer et al., 2009; Manolis et al., 2020). As a ubiquitous zinc-metallopeptidase, CD10 is implicated in the regulation of numerous vital physiological pathways by modulating the bioactivity and availability of a plethora of peptides. The expression of CD10 serves to mediate cellular responses to hormones by fine-tuning local peptide concentrations. As an extracellular enzyme, CD10 facilitates the breakdown of various substrates, thus impacting the physiological and developmental functions of a wide range of tissues and organs through its action on peptides such as substance P, endothelin, members of the atrial natriuretic peptide family, somatostatin, adrenomedullin, glucagon, angiotensin I and II, and encephalin (Nalivaeva et al., 2020).
In the lungs, it is particularly abundant and crucial for cell differentiation, proliferation, and tumorigenesis (Shipp et al., 1991a). Sunday et al. found that bombesin-like peptides (BLP, a mitogen for normal bronchial epithelial cells and small cell lung carcinomas) was highly expressed in fetal lung tissue, and CD10 inhibition could strengthen the BLP-responsive small cell lung carcinomas (Sunday et al., 1992). Additionally, CD10’s presence in airways contributes to physiological and pathological responses by regulating inflammatory neuropeptides such as substance P, known for constricting airway smooth muscle (Borson, 1991).
Previous animal studies have found that CD10 presents in brain structures such as gray matter, caudate-putamen and choroid plexus (Matsas et al., 1986; Bourne and Kenny, 1990). Its distribution in the human brain is markedly heterogeneous, with concentration peaks in the globus pallidus and substantia nigra’s pars reticulata (Llorens et al., 1982). Recognized as a striatonigral pathway marker, CD10 also denotes a subset of striatal efferent fibers (Llorens et al., 1982). Barnes et al. have identified CD10 as the primary somatostatin-degrading enzyme in brain regions such as the striatum and hippocampus (Barnes et al., 1995). Further research reveals CD10’s enrichment in GABAergic neurons, with expression in GABAergic and metabotropic glutamate 2/3 receptor-positive neurons, but not in catecholaminergic or cholinergic neurons, suggesting specificity in cellular expression (Fukami et al., 2002). Its mRNA predominates in parvalbumin-expressing interneurons, while the protein localizes to parvalbuminergic synapses, crucial for soluble Aβ peptide degradation (Fukami et al., 2002; Madani et al., 2006; Hüttenrauch et al., 2015). As a versatile neuropeptidase, CD10 partakes in various brain functions, influencing pain response and aggression through its role in degrading enkephalins (Roques et al., 1993), and impacting the metabolism of sensory and inflammatory peptides, such as tachykinins and neurokinins (Turner and Nalivaeva, 2007). CD10 knockout models have linked the enzyme’s absence with hyperalgesia in visceral pain (Fischer et al., 2002), and have shown that its deficiency can alter locomotion and escalate aggression (Fischer et al., 2000; Chen et al., 2020).
Clinically, CD10’s regulation of the natriuretic peptide (NP) pathway in the heart positions it as a potential biomarker and therapeutic target for heart failure (HF) (Bayes-Genis et al., 2016; Arrigo et al., 2018). In the reproductive system, CD10’s involvement ranges from sperm formation to follicle maturation and ovarian function, mediated through its interaction with bioactive peptides like endothelin and AngII (Ghaddar et al., 2000; Zappulla and DesGroseillers, 2001; Subirán et al., 2010). Its activity variations throughout the estrous cycle, particularly during metestrus, indicate its role in ovarian function and the renin-angiotensin system (Pereira et al., 2009; Gonçalves et al., 2012; Pereira et al., 2020). Its expression in various placental and fetal membrane cell populations, with the ability to hydrolyze oxytocin, hints at a significant role in maternofetal interactions (Johnson et al., 1984; Imai et al., 1994). Its identity as skin fibroblast elastase and upregulation during human skin fibroblast senescence link CD10 to skin aging processes (Morisaki et al., 2010). Furthermore, CD10 is implicated in bone metabolism, with expression correlated with bone growth, particularly noted in newborns compared to adults (Ruchon et al., 2000).
ROLE OF CD10 IN DIFFERENT TYPES OF DISEASES
The expression and regulatory pathways of CD10 have been increasingly recognized as crucial factors linked to the pathogenesis of numerous diseases, notably including various types of tumors, AD, cardiovascular diseases, obesity, diabetes and musculoskeletal diseases. The intricate role that CD10 plays in these conditions suggests that it could be a potential target for therapeutic intervention. In this section, we aim to delve into the correlations between CD10 expression levels and disease progression, examine the underlying molecular mechanisms that govern CD10’s regulatory functions, and explore how modulation of CD10 activity may influence disease outcomes.
CD10 and hematologic tumors
CD10 plays a pivotal role in regulating the activation of immune cells through its capacity to degrade inflammatory peptides, including endothelin, bradykinin, atriopeptin, and interleukin-1. This enzymatic function is vital in the immune response and inflammation modulation (Delikat et al., 1994; Xie et al., 2011a; Xie et al., 2011b). B-lineage ALL is the most common pediatric malignancy. Studies have indicated that the presence of CD10 expression on blast cells correlates with several favorable presenting features in B-ALL. Notably, a lack of CD10 expression in B-ALL patients is associated with a poor prognosis, and its absence may similarly signal an adverse prognosis in T-ALL (Vaughan et al., 1988). Research by Dakka et al. has demonstrated that the co-expression of CD34 and CD10 is indicative of a significantly better prognosis in patients with B-lineage ALL (Dakka et al., 2009). In the context of B-ALL diagnosis, CD10 serves as a critical antigen delineating the developmental stages of lymphoid cells: CD10 is not expressed in pro-B ALL patients, but is present in all patients with common B-ALL. Moreover, the majority of pre-B ALL patients who test positive for cytoplasmic IgM also express CD10 (Tomonaga, 2009). CD10’s diagnostic relevance is not limited to B-ALL; it is also a critical biomarker for subclassifying various forms of acute leukemias and aiding in the identification of non-Hodgkin lymphomas. This highlights its broad applicability in hematological evaluations and its potential impact on disease management and outcome predictions (Sánchez-Céspedes et al., 2013).
CD10 and nonhematologic tumors
Aberrant expression of CD10 is closely linked to the progression and enhanced malignancy of various nonhematologic tumors. A range of studies, from those conducted by Ogawa et al., in 2002 to more recent research by Jiang et al., in 2021, have consistently underscored this association between CD10 expression and tumor progression (Ogawa et al., 2002; Bilalovic et al., 2004; Braham et al., 2006; Kadota et al., 2015; Jiang et al., 2021). Despite these findings, the precise biological role and mechanisms of CD10 within these processes remain elusive. Emerging hypotheses suggest that CD10 may influence tumor aggressiveness through its role in extracellular matrix degradation and the modulation of intracellular signaling pathways, as noted by researchers such Biasoli et al. (2005), Kim et al. (2010), Khanh do et al. (2011). While certain studies posit that CD10 overexpression is a standalone negative prognostic indicator in cancer prognosis, as supported by findings from Ahem et al. and others (Avery et al., 2000; Ordi et al., 2003; Jung and Kuo, 2005; Ahlem et al., 2015; Gjorgova-Gjeorgjievski et al., 2021), there is contrasting evidence indicating downregulation of CD10 in various cancers, including lung and prostate cancer, as reported by Papandreou et al. (1998), Kristiansen et al. (2002).
CD10 is expressed on normal prostate epithelium and plays a critical role in mitigating the proliferative and survival signals in prostate cells by inactivating neuropeptides such as endothelin-1 (ET-1) and bombesin. These neuropeptides are known to induce phosphorylation of insulin-like growth factor-1 receptor (IGF-IRβ) and protein kinase B (Akt). Sumitomo et al. has demonstrated that restoring CD10 expression in CD10-negative PC cells can inhibit the ET-1-mediated phosphorylation of IGF-IRβ and Akt, consequently blocking ET-1’s protective effects against apoptosis under serum-deprived conditions (Sumitomo et al., 2001). Further studies by Zheng et al. have elucidated that CD10 may impede the bombesin-induced activation of RhoA, a key regulator of cell migration and invasion in PC cells (Zheng et al., 2006). Interestingly, according to Ho et al., expression of CD10 by PC correlates with poor disease outcome and lower rates of patient survival (Ho et al., 2013). Dall'Era et al., also demonstrated that CD10-positive PC cells are often present in lymph node metastases; they also found that CD10 expression correlates with a more aggressive and potentially malignant phenotype of PC (Dall Era et al., 2007; Freedland et al., 2003). Furthermore, CD10 is believed to function as an immune receptor within the cellular membrane of PC cells, forming complexes with PTEN that influence cell migration, proliferation, and survival through the signaling pathways of focal adhesion kinase (FAK) and PTEN/AKT (Sumitomo et al., 2004). Interestingly, CD10 DNA hypermethylation has been discovered in some PC patients who exhibit a loss of CD10 expression, indicating that epigenetic mechanisms could play a pivotal role in the silencing of CD10 (Osman et al., 2004).
CD10 is normally expressed in the small intestine but is typically absent in the colon. Nevertheless, it is found to be aberrantly expressed in a minority of colorectal cancer (CRC) cases, where its presence is linked with tumor metastasis and an unfavorable prognosis. Research by Raposo et al. suggests a dynamic role for CD10 across the stages of colorectal cancer development: it may act to restrain cell motility in the early stages while later contributing to enhanced cell survival (Raposo et al., 2018). Several studies have established a significant association between CD10 expression and the increased occurrence of liver metastases in advanced CRC (Yao et al., 2002; Fujimoto et al., 2005; Kumagai et al., 2015). Investigations into the molecular mechanisms reveal that CD10 may facilitate the spread of CRC to the liver by counteracting the anti-tumor properties of hepatic methionine-enkephalin (MENK) (Kuniyasu et al., 2010). The application of CD10 inhibitors has been shown to suppress CRC cell proliferation by inducing cell cycle arrest in the G0/G1 phase, stimulating ERK1/2, and decreasing the phosphorylation of mTOR, 4E-BP1, and p70S6K. However, these inhibitors do not trigger apoptosis in CRC cells (Mizerska-Kowalska et al., 2019). Further studies by Mizerska-Kowalska et al. point to the involvement of CD10 in CRC cell growth, proliferation, migration, and invasiveness, which it mediates by regulating cancer cell motility via the Akt/FAK signaling pathways (Mizerska-Kowalska et al., 2016). They also discovered that CD10 expression is vital for the synthesis of TGF-β1, and its inhibition corresponds with decreased levels of TGF-β1-a tumor suppressor known to curb cell proliferation and induce apoptosis through the upregulation of cell cycle inhibitors (like p21) and the activation of MAP kinases and PI3K/Akt pathways (Mizerska-Kowalska et al., 2021).
The overexpression of CD10 has been identified as a valuable diagnostic marker that can differentiate between benign and malignant phyllodes tumors in the breast (Ibrahim, 2011; Tariq et al., 2015; Puri et al., 2016), as well as distinguish invasive breast carcinoma from ductal carcinoma in myoepithelial cells of the breast (Kalof et al., 2004). The presence of CD10 in the stromal cells of invasive breast cancer is indicative of a poor prognosis, being associated with reduced survival rates and increased invasive and metastatic capabilities (Kalof et al., 2004; Toussaint et al., 2010; Bacha et al., 2020). Additionally, significant correlations have been drawn between CD10 and clinical indicators of aggressive and invasive breast cancer behaviors, including higher histological grades and the presence of nodal metastasis (Louhichi et al., 2018). Emerging studies suggest that CD10 plays a critical role in modulating tumor expansion and spread by influencing the tumor microenvironment, which encompasses adjacent support cells and extracellular matrix components. The expression of CD10 within the tumor microenvironment, potentially induced by breast tumors with a cancer stem cell phenotype, may facilitate the breakdown of the extracellular matrix, thereby enabling neoplastic cells to infiltrate the lymphatic system and form distant metastases (Gattazzo et al., 2014). Louhichi et al. have identified a significant link between stromal CD10 expression and the breast cancer stem cell phenotype (Louhichi et al., 2018). Desmedt et al. have emphasized the prognostic significance of CD10-positive stromal cells in breast cancer, particularly in relation to HER2-positive subtypes. They observed notable shifts in the presence of CD10-positive stromal cells during breast cancer progression and recognized their role in remodeling the tumor matrix (Desmedt et al., 2012). Moreover, Su et al. proposed that CD10+GPR77+ cancer-associated fibroblasts (CAFs), a type of stromal cell in the tumor microenvironment, contribute to the secretion of interleukin (IL)-6/8 and create a survival niche that not only nurtures the stemness of breast cancer cells but also shields them from the lethal effects of chemotherapy (Su et al., 2018).
CD10 expression has also been observed to affect patient outcomes in other forms of cancer. Specifically, a study by Li et al. reported that higher CD10 expression in head and neck squamous cell carcinoma (HNSCC) correlates with worse overall survival (OS) and recurrence-free survival (RFS). The study further reveals a correlation between CD10 expression and increased IL-6/IL-8-mediated M1 macrophage activity, which may explain the poor prognosis observed in HNSCC cases (Li et al., 2021). In esophageal squamous cell carcinoma (ESCC), research by Lee et al. has revealed that 30% of the examined ESCC samples exhibited CD10 expression in cancer cells to varying degrees. Their findings suggest that the transcription factor Twist1 is capable of binding to the CD10 promoter region, thereby upregulating CD10 transcription within ESCC cells. Moreover, they discovered that silencing CD10 could impede the growth of ESCC xenografts in nude mice (Lee et al., 2015). These data add to the growing body of evidence that CD10’s regulatory function on cell proliferation and survival extends across different cancer types, potentially offering a common thread in the search for targeted cancer therapies.
CD10 and AD
The accumulation of amyloid-beta peptide (Aβ) in the brain is a hallmark of AD, leading to synaptic dysfunction, neuronal loss, and impaired memory function (Hardy and Selkoe, 2002; Turner et al., 2004; Murphy et al., 2007; Miners et al., 2008). CD10 is crucial for degrading Aβ and eliminating it from the brain (Maruyama et al., 2005). As a primary Aβ-degrading enzyme, CD10 is downregulated in the early stages of AD, corresponding with increased Aβ accumulation in the brain and the formation of amyloid-like structures (Yasojima et al., 2001; Nalivaevaa et al., 2004; Madani et al., 2006; El-Amouri et al., 2008). Decreased CD10 levels are associated with AD-like pathology and behavioral deficits. For instance, Dubrovskaia et al. found that injections of phosphoramidon or thiorphan (CD10 inhibitors) into the sensorimotor cortex of rats led to a decline in spatial memory and disrupted neuronal networks, impairing the cognitive functions of the animals (Nalivaeva et al., 2008; Dubrovskaia et al., 2009).
Elevating CD10 levels and restoring its ability to degrade amyloid offers a promising strategy to potentially slow or even reverse AD progression. Yasojima et al. observed that in AD patients, CD10 levels were the lowest in regions like the hippocampus (HPC) and temporal gyrus-areas vulnerable to senile plaque development. In stark contrast, the caudate and peripheral organs, resistant to senile plaques, exhibited the highest levels (Yasojima et al., 2001). The quest now is to discover methods to enhance CD10 levels in the brain to mitigate Aβ buildup. However, the blood-brain barrier poses a challenge, making it unlikely for peripheral CD10 to access the brain via blood circulation (Spencer et al., 2014). Leissring et al. showed that neurons overexpressing CD10 transgenically saw a significant drop in brain Aβ levels, stalling or entirely preventing amyloid plaque formation and related cytopathology while also rescuing the premature death seen in amyloid precursor protein transgenic mice (Leissring et al., 2003). Another study by Liu et al. indicated that a plasma-secreted soluble form of CD10 could efficiently reduce the Aβ burden in a transgenic AD mouse model (Liu et al., 2010). Marr et al. reported that a unilateral intracerebral injection of a lentiviral vector expressing human CD10 halved Aβ deposits compared to the untreated side and also mitigated neurodegenerative changes in the transgenic mice’s frontal cortex and hippocampus (Marr et al., 2003). A unique observation by Kobayashi et al. highlighted that exosomal CD10 from the masseter muscle could travel to the HPC during mastication via the trigeminal nerve and intracerebral axonal pathways. This process implies that chewing might elevate CD10 levels in the HPC and other brain regions, aiding in Aβ degradation. This transport mechanism could pave the way for innovative drug delivery methods to the brain, such as intramuscular injections into the masseter (Kobayashi et al., 2019). Liu et al. demonstrated that Sodium Tanshinone IIA Sulfonate (STS) could counteract Aβ1-42-induced apoptosis, minimize oxidative damage, and alleviate ER stress in HT22 cells, likely by amplifying CD10 expression to degrade Aβ. As such, introducing STS as a preventive measure might complement therapeutic strategies for AD (Liu et al., 2020).
CD10 and cardiovascular diseases
CD10 degrades a variety of vasoactive peptides, including vasodilators such as natriuretic peptides, bradykinin, and adrenomedullin, as well as vasoconstrictors like angiotensin II and endothelin-1. Given these roles, inhibiting CD10 presents a promising therapeutic approach for cardiovascular diseases related to hypertension and fluid overload. Notably, the atrial natriuretic peptide (ANP) not only acts as a potent vasodilator and natriuretic agent but also inhibits the renin-angiotensin system (RAS) by reducing renin and aldosterone release. Bayés-Genís et al. suggests that inhibiting CD10 can enhance the effects of naturally occurring natriuretic peptides (NPs). These peptides help promote natriuresis, induce vasodilation, and decrease cardiac hypertrophy and fibrosis in HF patients (Bayés-Genís et al., 2015). Another study by Arrigo et al. emphasized the importance of the NP pathway in HF, and indicated that soluble CD10 can degrade NP, offering a potential treatment strategy for HF (Arrigo et al., 2018). Arrigo et al. have shown an inverse relationship between soluble CD10 levels and both left and right ventricular function in patients with hypertrophic cardiomyopathy (Arrigo et al., 2018; Yoshihisa et al., 2019a). Yoshihisa et al. found that circulating soluble CD10 might predict prognosis in HF patients with reduced ejection fraction (HFrEF) by degrading vasodilator peptides such as NPs (Yoshihisa et al., 2019b). Additionally, both Prausmüller et al. and Pavo et al. have demonstrated that the expression levels of membrane CD10 in neutrophils and granulocytes, respectively, are correlated with heart failure prognosis, with lower expression linked to increased severity and higher expression associated with better outcomes (Pavo et al., 2019; Prausmüller et al., 2021).
CD10 and obesity and diabetes
Recent studies have shed light on CD10’s crucial role in the onset of obesity and type 2 diabetes. Gul et al. have associated elevated CD10 levels with insulin resistance, pointing to its connection with endocrine and metabolic disorders (Gul et al., 2022). Supporting this notion, Kim et al. elaborated on CD10’s ability to promote adipogenesis by activating the insulin-mediated PI3K-Akt signaling pathway (Kim et al., 2017). Furthermore, Standeven et al. observed increased CD10 production in human adipocytes during differentiation, while also noting raised CD10 levels in obese, insulin-resistant mice (Standeven et al., 2011). Interestingly, Muenzner et al. reported that green tea can notably decrease body fat and prevent its further accumulation in Berlin fat mice. This effect is attributed to the enhanced expression and activity of CD10 in peripheral areas, such as the kidney and intestine, leading to the downregulation of orexigens. This discovery paves the way for a new potential treatment approach for obesity (Muenzner et al., 2016).
CD10’s impact on glucose homeostasis is profound. This enzyme hydrolyses peptides essential to glucose metabolism, potentially leading to impaired glucose homeostasis-a distinctive trait of type 2 diabetes (T2D). Parilla et al. explored this relationship further and revealed that under conditions associated with T2D, upregulated CD10 can disrupt glucose balance. However, when CD10 activity is deficient or inhibited, there’s improved glucose tolerance, insulin sensitivity, and enhanced pancreatic β-cell function (Parilla et al., 2018). Becker et al. contributed to this discussion, noting that CD10-deficient mice, even on a normocaloric diet, started to display obesity traits from 6–7 months of age. By 1 year, these mice showed significant spikes in fasting blood glucose and a decreased ability to manage an oral glucose load (Becker et al., 2010). Standeven et al. observed a direct correlation between CD10 activity, body mass index (BMI), and insulin resistance, especially in subjects with multiple cardiovascular risk factors (Standeven et al., 2011).
The expression and activity of CD10 are associated with various complications of diabetes. Exploring the potential linkage between diabetes and AD, Morales-Corraliza et al. observed decreased CD10 levels in the hippocampus of insulin-controlled diabetes mellitus monkeys, which corresponds with an increase in localized Aβ (Morales-Corraliza et al., 2016). Urinary CD10 levels are increased in patients with diabetes and could be used as early biomarkers to predict the incidence or progression of chronic kidney disease (CKD) at early stages among individuals with type 2 diabetes (Gutta et al., 2018). CD10 expression and activity increasing wounds and skin in type 2 diabetes mellitus, which reducing substance P and diminishing normal response to injury, and then cause delayed wound healing (Muangman et al., 2003).
CD10 and inflammatory arthritis
The relationship between CD10 and inflammation has been extensively elucidated by Solan et al. and Shipp et al. (Shipp et al., 1991b; Solan et al., 1998). Substance P (SP) is a small peptide produced by nociceptive nerve fibers. It transmits pain signals, induces vasodilation and edema in peripheral vessels, and promotes the migration of immune cells from circulation into the surrounding tissue (Clockaerts et al., 2010). Through enzymatic catabolism, CD10 effectively modulates the biological activity and degradation of SP, thus exerting an anti-inflammatory function. SP plays a role in the development of inflammatory arthritis (Proud and Kaplan, 1988; Konttinen et al., 1994) and is found at significantly higher levels in the synovial fluids of individuals with rheumatoid arthritis and gout (Marshall et al., 1990). Researchers have long discovered that various cells isolated from joint sites, such as synovial fibroblast-like cells (Solan et al., 1998), synovial mesenchymal stem cells (MSCs) (Denkovskij et al., 2015), mesenchymal progenitor cells (MPCs) (Jones et al., 2004) and infrapatellar fat pad (IFP)-MSCs (Kouroupis et al., 2019) (some of which may be the same type of cells with different names), are capable of expressing CD10. Studies have attempted to utilize MPCs or MSCs for the treatment of arthritis and inflammation-induced joint injuries (such as articular cartilage damage) (Kurose et al., 2010), and have demonstrated that the therapeutic efficacy of MPCs and MSCs may be associated with the high expression of CD10. One of the more representative works in these studies comes from Correa and his team. In their series of studies, Correa et al. extensively elucidated their efforts to utilize IFP-MSCs-based therapeutics in addressing the adverse effects of immune-mediated inflammatory joint alterations associated with conditions like osteoarthritis. They also provided detailed molecular mechanisms of how IFP-MSCs effectively inhibit the arthritis inflammation, including the regulation of inflammatory factor expression, the modulation of inflammatory pathways activation, and the induction of SP degradation through the overexpression of CD10 (Kouroupis et al., 2019; Greif et al., 2020; Kouroupis et al., 2020; Kouroupis et al., 2023). Regarding the relevant characteristics of IFP-MSCs overexpressing CD10, we will further discuss them in the ‘CD10 AND STEM CELLS' section.
CD10 AND STEM CELLS
CD10 is commonly expressed in stem cells and progenitor cells, and is widely recognized as a pivotal marker for these cells (Bühring et al., 2007; Poblet and Jiménez, 2008; Bachelard-Cascales et al., 2010). There’s been a longstanding uncertainty about the specific requirements and differentiation markers for human B lymphopoiesis. A study by Ichii et al. addressed this ambiguity by assessing the differentiation potential of lymphoid progenitors (CLPs) from various sources-umbilical cord blood, adult bone marrow, and granulocyte colony-stimulating factor (G-CSF) mobilized peripheral blood-based on CD10 density. Their findings indicate that an increase in CD10 expression aligns with the differentiation potential and developmental stage of B lymphocytes in human B lymphopoiesis (Ichii et al., 2010). Bachelard-Cascales et al. identified CD10 as a key regulator in mammary ductal development, distinguishing progenitors from luminal cells when combined with epithelial cell adhesion molecule (EpCAM). They found CD10-high EpCAM-low cells are enriched with progenitors and suggested that CD10 and beta1-integrin interactions are essential for maintaining the mammary lineage’s progenitor and stem cell pools (Bachelard-Cascales et al., 2010). Ding et al. identified that a subset of human adventitial cells, which ensheath arteries and veins, express the CD10/CALLA metalloprotease. While both CD10+ and CD10-adventitial cells exhibit mesenchymal stem cell characteristics, the CD10+ subset showed enhanced proliferation, clonogenicity, and osteogenic potential, suggesting its role in perivascular MSC function and cell fate determination. Their findings indicate a potential role for CD10+ perivascular cells in vascular remodeling and calcification (Ding et al., 2020).
In addition, effective stem cell therapy is dependent on the stem cell quality that is determined by their differentiation potential, impairment of which leads to poor engraftment and survival into the target cells. However, limitations in our understanding and the lack of reliable markers that can predict their maturation efficacies have hindered the development of stem cells as an effective therapeutic strategy. In a study investigating adipose-derived stem cells (ASCs) from subcutaneous and visceral white adipose tissue, Ong et al. found that CD10 was predominantly expressed in subcutaneous ASCs. Notably, cells with higher CD10 expression demonstrated superior differentiation capabilities. This suggests that CD10 can serve as a valuable marker for tracking and differentiating subcutaneous stem cell populations (Ong et al., 2014). Chakraborty et al. identified CD10 plays a pivotal role in lipid accumulation during adipogenesis. Their findings reveal that CD10 orchestrates a unique, non-canonical pathway reliant on the peroxisome proliferator-activated receptor gamma (PPARγ) for adipogenic differentiation. This pathway is crucial for the maturation of ASCs into high-quality white adipose tissue and its subsequent browning (Tran et al., 2008; Tran and Kahn, 2010; Chakraborty et al., 2021). Kouroupis et al. investigated the properties of human infrapatellar fat pad (IFP)-MSCs under different culture conditions. They found that IFP-MSCs processed with human platelet lysate (hPL) or chemically reinforced medium (Ch-R) exhibited a CD10-high phenotype and displayed enhanced proliferation, differentiation, and immunomodulatory profiles. Notably, these CD10-rich IFP-MSCs effectively reversed signs of synovitis and IFP fibrosis in vivo. (Kouroupis et al., 2019; Kouroupis et al., 2020).
Cancer stem cells (CSCs) are characterized by their ability to initiate tumors and self-renew. It has been well-documented that CSCs play a pivotal role in conferring therapeutic resistance and contributing to the failure of cancer treatments (Bao et al., 2006; Li et al., 2008). Elevated CD10 expression has been significantly linked with the upregulation of genes associated with CSCs, including CD44, ALDH1, BMI1, NANOG, OCT4 and SOX2 (Xia, 2014; Lazarevic et al., 2018). In oral cancer, heightened CD10 levels are implicated in fostering CSC-like traits, promoting the expression of key CSC-related genes such as BMI1, OCT4, and SOX2, and amplifying capabilities crucial to malignancy progression like cell migration, invasion, spheroid genesis, and resistance to chemotherapy (Pu et al., 2021). Furthermore, Wang et al. observed that oral squamous cell carcinoma (OSCC) cells with high CD10 expression exhibit pronounced CSC-like properties, including enhanced self-renewal, cell cycle modulation, and elevated expression of epithelial mesenchymal transition (EMT)-related CSC markers like N-Cadherin, Vimentin, and Slug, alongside reduced levels of the epithelial marker E-Cadherin. These cells also demonstrate increased tumor growth, EMT progression, and resistance to cisplatin (Wang et al., 2021). Fukusumi et al. identified CD10 as a crucial factor associated with therapeutic resistance and cancer stem cell-like properties in head and neck squamous cell carcinoma (HNSCC). They treated HNSCC cell lines with cisplatin or radiation and observed upregulation of CD10, along with other cell surface antigens, in response to treatment. Notably, the cisplatin-resistant cell line exhibited prominent CD10 upregulation. Further isolation of CD10-positive subpopulations demonstrated their increased resistance to cisplatin, fluorouracil, and radiation, as well as enhanced in vitro sphere formation and in vivo tumor formation capacity. Additionally, the CD10-positive subpopulation expressed higher levels of the CSC marker OCT3/4. These findings suggest that CD10 may serve as a potential target molecule for addressing refractory HNSCC, highlighting its significance in treatment resistance and CSC-related characteristics (Fukusumi et al., 2014).
CD10 AND COVID-19
Coronavirus-disease-2019 (COVID-19) has emerged as a global pandemic, caused by the widespread severe-acute-respiratory-syndrome-coronavirus-2 (SARS-CoV-2). While the World Health Organization (WHO) has declared the global COVID-19 pandemic over, the health impacts of COVID-19 infections, its complications, and lingering effects are far from eradicated. The cellular and molecular biological mechanisms of the diseases triggered by the virus remain to be elucidated. In the early stages of the COVID-19 pandemic, there were no specific vaccines or effective therapeutic interventions. A number of discussions have highlighted the potential involvement of CD10 in the complications arising after the viral infection. Vassallo et al. (Vassallo et al., 2020) observed that in a group of elderly patients infected with COVID-19, the levels of CD10+ B cells were inversely correlated with the severity of clinical symptoms. Spijkerman et al. (Spijkerman et al., 2021) discovered that in all COVID-19 patients, regardless of the severity of the disease, the expression of CD10 in neutrophils was very low. Mohammed et al. (Mohammed El Tabaa and Mohammed El Tabaa, 2020) elaborated in their article the detailed molecular mechanisms and relevant pathways of CD10 as a potential therapeutic target for COVID-19. Firstly, CD10 can mitigate COVID-19-induced pulmonary inflammation, particularly neutrophil infiltration, thereby preventing lung damage and reducing pulmonary fibrosis. This includes modulating the chemotactic responsiveness via cleaving the chemotactic peptide formyl-Met-Leu-Phe (fMLP) to prevent neutrophil infiltration, decreasing the pro-inflammatory, oxidative, and pro-fibrotic effects by regulating the Cathepsin G/Ang I/Ang II system and Ang (Maguer-Satta et al., 2011; Nalivaeva et al., 2020; Greif et al., 2020; DElia et al., 2017; Feygina et al., 2019; DAdamio et al., 1989; McKerrow, 1987)/TGF-β system (Manolis et al., 2020), as well as breaking down bradykinin to inhibit its role in activating and recruiting inflammatory cells. Additionally, CD10 may prove beneficial in managing individuals at high risk for COVID-19 who face various obstacles in their management, such as cardiovascular and hypertensive patients, diabetic patients, and elderly individuals with reduced androgen or estrogen levels.
While multiple sets of data confirm CD10’s anticipated role in alleviating pulmonary inflammation, its potential to reduce exacerbations of acute severe pneumonia in COVID-19 patients has not yet been emphasized. With the conclusion of the pandemic, public interest in COVID-19 has significantly diminished. In China, COVID-19 has been categorized as a Class B infectious disease for management (Luo et al., 2023). However, whether we should prepare in advance for the occurrence of the next outbreak? This is a question that all researchers need to contemplate.
CD10 AS A THERAPEUTIC TARGET
As a pervasive distributed endopeptidase, CD10 plays a pivotal role in the onset and progression of various diseases. Treatment attempts targeting CD10 have been mentioned multiple times in the previous sections. One of the more typical applications involves increasing the levels of CD10 within tissues to treat diseases caused by Aβ accumulation, such as AD (Nalivaeva and Turner, 2019) (refer to Section 2.3) and retinal diseases. As Aβ is believed to have detrimental effects on posterior eye tissues and is implicated in retinal diseases like age-related macular degeneration, Parthasarathy et al. reported in their study that in a mouse model through the intra-vitreal delivery of sNEP (recombinant soluble form of CD10), decreases in ocular Aβ were induced while maintaining good electroretinographic responsiveness in a controlled, dose-dependent manner (Parthasarathy et al., 2015).
In comparison to CD10, what is closer to clinical application are multiple CD10 inhibitors. By targeting this enzyme with inhibitors, it has paved the way for the creation of innovative drugs and therapies, holding the potential to shift the current paradigm in the management of multiple diseases. After nearly three decades of continuous exploration, several CD10 inhibitors have been developed, with some having passed clinical trials and commenced commercial sales. The most successful application of CD10 inhibitors has been in the management of HF. Candoxatril (candoxatrilat) was one of the earliest CD10 inhibitors used in the treatment of chronic HF, which was demonstrated to exhibit vasodilatory activity at certain doses (Kentsch and Otter, 1999; McDowell and Nicholls, 1999). Owing to the limitations of using a single drug and its adverse effects, there’s a growing interest in dual drug research. Sacubitril/valsartan, a pioneering drug in the class of dual CD10 and angiotensin receptor inhibitors (ARNI), has been proven to enhance outcomes for patients with symptomatic HF featuring reduced systolic function, and its use for the treatment of HF was approved by the FDA in 2015 (McMurray et al., 2014; Chen and Burnett, 2017; Khder et al., 2017; Kario, 2018; Pascual-Figal et al., 2021). In a study conducted by Seferovic et al., the efficacy of sacubitril/valsartan in treating patients with HFrEF and coexisting diabetes was investigated. The results highlighted that those administered with sacubitril/valsartan saw a more pronounced decrease in HbA1c levels-a key indicator of long-term glucose control-compared to counterparts treated with enalapril (Seferovic et al., 2017). A key mechanism of sacubitril/valsartan is its ability to increase nitric oxide bioavailability, mitigate systemic oxidative stress, apoptosis, and hypertrophy, thereby diminishing infarction size and slowing post-acute myocardial infarction cardiac remodeling (Trivedi et al., 2018).
CD10 inhibitors are increasingly being recognized for their potential in wound healing therapies. Following cutaneous injury, CD10 plays a role in degrading the released substance P. Interestingly, heightened CD10 activity is observed in chronic wounds and in the skin of diabetic patients. A study by Spenny et al. highlighted that diabetic mice treated with the CD10 inhibitor, thiorphan, experienced faster wound closure compared to those treated with saline. Similarly, research from Genova et al. found that CD10-deficient mice exhibited accelerated corneal wound healing post alkali burn injury compared to the wild type mice (Spenny et al., 2002). Moreover, the introduction of thiorphan to wild type mice showed a notable boost in the post-injury healing rate (Genova et al., 2018), which may be provide a novel therapeutic option for patients with corneal injury.
CD10 inhibitors have also shown potential application value in the field of reproductive health. For instance, the CD10 inhibitor UK-414,445 has been shown to enhance genital blood flow in response to pelvic nerve stimulation in female rabbits without notably impacting blood pressure. This offers a potential new pharmacological solution for treating female sexual arousal disorder (Angulo, 2010). The opiorphin peptide family, potent CD10 inhibitors, are also gaining attention in erectile physiology. Davies et al. identified genes encoding opiorphins as potential markers for erectile dysfunction (ED). Furthermore, intracorporal injection of sialorphin, an opiorphin family peptide, can improve erectile function (Davies, 2009). Several studies indicate that CD10 has considerable negative effects on sperm motility. Intriguingly, a number of studies have shown that opiorphin, found in human seminal plasma, can enhance sperm’s progressive motility. Furthermore, opiorphin has been observed to positively influence sperm motility parameters, especially in cases of male infertility marked by asthenozoospermia, leading to improved results in intrauterine insemination (Subirán et al., 2008; Pinto et al., 2010; Bosler et al., 2014; Fritz et al., 2019).
Another important application of CD10 inhibitors is in pain management, such as cancer pain (Menéndez et al., 2008; Gonzalez-Rodriguez et al., 2017). Inhibiting the function of CD10 with a CD10 inhibitor can increase the concentration of endogenous pain-relieving substances (such as enkephalins) in the body, thereby achieving analgesic and anti-allergic effects (Thanawala et al., 2008). However, as mentioned earlier, CD10 can also reduce pain caused by inflammation by degrading SP (refer to Section 2.6). Therefore, the role of CD10 in these two aspects of pain management seems contradictory. This illustrates that CD10 can have different effects in different types of pain and inflammation, depending on its molecular targets and the local pathological processes involved. In order to unlock their potential applications, research on CD10 inhibitors is still evolving and being actively explored, and some progress has been made in laboratory studies. For instance, CD10 inhibitors have been used for the modulation or treatment of conditions such as cancer development (Mizerska-Dudka and Kandefer-Szerszeń, 2015), diabetes (diabetes complications) (Packer and Kitzman, 2018; Esser and Zraika, 2019), stress response, addiction, and food intake (Roques, 2018; Ramírez-Sánchez et al., 2019). However, most of these studies have not yet reached the clinical trial phase, and no commercial drugs have been marketed.
CONCLUSION AND PERSPECTIVES
As mentioned earlier, CD10 has been proven to be an important regulatory factor in various diseases. With the advancement of medical research, our understanding of CD10 has become increasingly comprehensive. It not only plays a key role in cell proliferation, differentiation, and migration but is also associated with multiple signaling pathways. This gives us a compelling reason to further explore the potential of CD10 as a therapeutic target. As scientific technology progresses and research continues to deepen, CD10 will undoubtedly occupy an increasingly important position in the therapeutic field.
However, we must also recognize that in stark contrast to the bustling laboratory research, clinical studies on CD10 and its inhibitors are exceedingly rare. Moreover, because the molecular mechanisms are still unclear, drug development and translational outcomes for targeting CD10 are meager, especially for obesity, aging, cancer, and AD, with no successful drugs having reached the marketplace. Another point of note is that studies in animal models indicate that CD10 inhibition might result in adverse consequences such as angioedema, bronchial reactivity, inflammation, cancer, and could predispose to polyneuropathy and AD (Campbell, 2017). Therefore, the side effects of CD10 inhibitors must be taken seriously, and more animal studies and clinical trials are needed to verify the safety and efficacy of the potential applications of CD10 inhibitors.
In summary, in this article, we have reviewed several research papers on CD10 published in recent years, summarizing the biological functions of CD10, its expression in tissues and organs, its relevance to the development of various diseases, and its regulatory molecular mechanisms. We have also summarized the applications of CD10 inhibitors in disease treatment. Our goal is to spark further interest among researchers in the study of CD10 and its inhibitors, thereby promoting the application of CD10 and its inhibitors in disease prediction, diagnosis, and treatment.
AUTHOR CONTRIBUTIONS
SW: Formal Analysis, Funding acquisition, Writing–original draft. YX: Data curation, Investigation, Writing–original draft. XA: Data curation, Investigation, Writing–original draft. LL: Data curation, Investigation, Writing–original draft. KG: Investigation, Software, Writing–original draft. DY: Conceptualization, Formal Analysis, Funding acquisition, Investigation, Project administration, Supervision, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported in part by Jilin International Collaboration Grant (20220402066GH to DY) and the National Natural Science Foundation of China (82070399 to SW).
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.
REFERENCES
 Ahlem, B., Wided, A., Amani, L., Nadia, Z., Amira, A., and Faten, F. (2015). Study of Ki67 and Cd10 expression as predictive factors of recurrence of ameloblastoma. Eur. Ann. otorhinolaryngology, head neck Dis. 132 (5), 275–279. Epub 2015/09/21. doi:10.1016/j.anorl.2015.08.016
 Angulo, J. (2010). Neutral endopeptidase inhibition: could it have a role in the treatment of female sexual arousal disorder?Br. J. Pharmacol. 160 (1), 48–50. Epub 2010/04/24. doi:10.1111/j.1476-5381.2010.00693.x
 Arrigo, M., Vodovar, N., Nougué, H., Sadoune, M., Pemberton, C. J., Ballan, P., et al. (2018). The heart regulates the endocrine response to heart failure: cardiac contribution to circulating neprilysin. Eur. heart J. 39 (20), 1794–1798. Epub 2017/12/16. doi:10.1093/eurheartj/ehx679
 Avery, A. K., Beckstead, J., Renshaw, A. A., and Corless, C. L. (2000). Use of antibodies to rcc and Cd10 in the differential diagnosis of renal neoplasms. Am. J. Surg. pathology 24 (2), 203–210. Epub 2000/02/19. doi:10.1097/00000478-200002000-00006
 Bacha, D., Amor, A. B., Farhat, F. B., Slama, S. B., Lahmar, A., Bouraoui, S., et al. (2020). Cd10 expression in stromal cells of patients with breast cancer: a poor prognostic marker. Pan Afr. Med. J. 37, 70. Epub 2020/11/28. doi:10.11604/pamj.2020.37.70.20223
 Bachelard-Cascales, E., Chapellier, M., Delay, E., Pochon, G., Voeltzel, T., Puisieux, A., et al. (2010). The Cd10 enzyme is a key player to identify and regulate human mammary stem cells. Stem cells 28 (6), 1081–1088. Epub 2010/05/28. doi:10.1002/stem.435
 Back, S. A., and Gorenstein, C. (1989). Histochemical visualization of neutral endopeptidase-24.11 (enkephalinase) activity in rat brain: cellular localization and codistribution with enkephalins in the globus pallidus. J. Neurosci. 9 (12), 4439–4455. Epub 1989/12/01. doi:10.1523/jneurosci.09-12-04439.1989
 Bao, S., Wu, Q., McLendon, R. E., Hao, Y., Shi, Q., Hjelmeland, A. B., et al. (2006). Glioma stem cells promote radioresistance by preferential activation of the DNA damage response. Nature 444 (7120), 756–760. Epub 2006/10/20. doi:10.1038/nature05236
 Barnes, K., Doherty, S., and Turner, A. J. (1995). Endopeptidase-24.11 is the integral membrane peptidase initiating degradation of somatostatin in the Hippocampus. J. Neurochem. 64 (4), 1826–1832. Epub 1995/04/01. doi:10.1046/j.1471-4159.1995.64041826.x
 Bayés-Genís, A., Barallat, J., Galán, A., de Antonio, M., Domingo, M., Zamora, E., et al. (2015). Soluble neprilysin is predictive of cardiovascular death and heart failure hospitalization in heart failure patients. J. Am. Coll. Cardiol. 65 (7), 657–665. Epub 2015/02/14. doi:10.1016/j.jacc.2014.11.048
 Bayes-Genis, A., Barallat, J., and Richards, A. M. (2016). A test in context: neprilysin: function, inhibition, and biomarker. J. Am. Coll. Cardiol. 68 (6), 639–653. Epub 2016/08/06. doi:10.1016/j.jacc.2016.04.060
 Becker, M., Siems, W. E., Kluge, R., Gembardt, F., Schultheiss, H. P., Schirner, M., et al. (2010). New function for an old enzyme: nep deficient mice develop late-onset obesity. PloS one 5 (9), e12793. Epub 2010/09/24. doi:10.1371/journal.pone.0012793
 Biasoli, I., Morais, J. C., Scheliga, A., Milito, C. B., Romano, S., Land, M., et al. (2005). Cd10 and bcl-2 expression combined with the international prognostic index can identify subgroups of patients with diffuse large-cell lymphoma with very good or very poor prognoses. Histopathology 46 (3), 328–333. Epub 2005/02/22. doi:10.1111/j.1365-2559.2005.02099.x
 Bilalovic, N., Sandstad, B., Golouh, R., Nesland, J. M., Selak, I., and Torlakovic, E. E. (2004). Cd10 protein expression in tumor and stromal cells of malignant melanoma is associated with tumor progression. Mod. Pathol. 17 (10), 1251–1258. Epub 2004/06/19. doi:10.1038/modpathol.3800174
 Borson, D. B. (1991). Roles of neutral endopeptidase in airways. Am. J. physiology 260 (4 Pt 1), L212–L225. Epub 1991/04/01. doi:10.1152/ajplung.1991.260.4.L212
 Bosler, J. S., Davies, K. P., and Neal-Perry, G. S. (2014). Peptides in seminal fluid and their role in infertility: a potential role for opiorphin inhibition of neutral endopeptidase activity as a clinically relevant modulator of sperm motility: a review. Reprod. Sci. 21 (11), 1334–1340. Epub 2014/05/24. doi:10.1177/1933719114536473
 Bourne, A., and Kenny, A. J. (1990). The hydrolysis of brain and atrial natriuretic peptides by porcine choroid plexus is attributable to endopeptidase-24.11. Biochem. J. 271 (2), 381–385. Epub 1990/10/15. doi:10.1042/bj2710381
 Braham, H., Trimeche, M., Ziadi, S., Mestiri, S., Mokni, M., Amara, K., et al. (2006). Cd10 expression by fusiform stromal cells in nasopharyngeal carcinoma correlates with tumor progression. Virchows Arch. 449 (2), 220–224. Epub 2006/05/05. doi:10.1007/s00428-006-0217-2
 Bühring, H. J., Battula, V. L., Treml, S., Schewe, B., Kanz, L., and Vogel, W. (2007). Novel markers for the prospective isolation of human msc. Ann. N. Y. Acad. Sci. 1106, 262–271. Epub 2007/03/31. doi:10.1196/annals.1392.000
 Campbell, D. J. (2017). Long-term neprilysin inhibition - implications for arnis. Nat. Rev. Cardiol. 14 (3), 171–186. Epub 2016/12/16. doi:10.1038/nrcardio.2016.200
 Chakraborty, S., Ong, W. K., Yau, W. W. Y., Zhou, Z., Bhanu Prakash, K. N., Toh, S. A., et al. (2021). Cd10 marks non-canonical pparγ-independent adipocyte maturation and browning potential of adipose-derived stem cells. Stem Cell Res. Ther. 12 (1), 109. Epub 2021/02/06. doi:10.1186/s13287-021-02179-y
 Chen, X. Y., Xue, Y., Chen, H., and Chen, L. (2020). The globus pallidus as a target for neuropeptides and endocannabinoids participating in central activities. Peptides 124, 170210. Epub 2019/11/30. doi:10.1016/j.peptides.2019.170210
 Chen, Y., and Burnett, J. C. (2017). Biochemistry, therapeutics, and biomarker implications of neprilysin in cardiorenal disease. Clin. Chem. 63 (1), 108–115. Epub 2017/01/08. doi:10.1373/clinchem.2016.262907
 Chu, P., and Arber, D. A. (2000). Paraffin-section detection of Cd10 in 505 nonhematopoietic neoplasms. Frequent expression in renal cell carcinoma and endometrial stromal sarcoma. Am. J. Clin. pathology 113 (3), 374–382. Epub 2000/03/08. doi:10.1309/8vav-j2fu-8cu9-ek18
 Clockaerts, S., Bastiaansen-Jenniskens, Y. M., Runhaar, J., Van Osch, G. J., Van Offel, J. F., Verhaar, J. A., et al. (2010). The infrapatellar fat pad should Be considered as an active osteoarthritic joint tissue: a narrative review. Osteoarthr. Cartil. 18 (7), 876–882. Epub 20100422. doi:10.1016/j.joca.2010.03.014
 DAdamio, L., Shipp, M. A., Masteller, E. L., and Reinherz, E. L. (1989). Organization of the gene encoding common acute lymphoblastic leukemia antigen (neutral endopeptidase 24.11): multiple miniexons and separate 5' untranslated regions. Proc. Natl. Acad. Sci. U. S. A. 86 (18), 7103–7107. Epub 1989/09/01. doi:10.1073/pnas.86.18.7103
 Dakka, N., Bellaoui, H., Bouzid, N., Khattab, M., Bakri, Y., and Benjouad, A. (2009). Cd10 and Cd34 expression in childhood acute lymphoblastic leukemia in Morocco: clinical relevance and outcome. Pediatr. Hematol. Oncol. 26 (4), 216–231. Epub 2009/05/14. doi:10.1080/07357900902897557
 Dall Era, M. A., True, L. D., Siegel, A. F., Porter, M. P., Sherertz, T. M., and Liu, A. Y. (2007). Differential expression of Cd10 in prostate cancer and its clinical implication. BMC Urol. 7, 3. Epub 2007/03/06. doi:10.1186/1471-2490-7-3
 Davies, K. P. (2009). The role of opiorphins (endogenous neutral endopeptidase inhibitors) in urogenital smooth muscle biology. J. Sex. Med. 6 (Suppl. 3), 286–291. Epub 2009/03/17. doi:10.1111/j.1743-6109.2008.01186.x
 de Leval, L., Ferry, J. A., Falini, B., Shipp, M., and Harris, N. L. (2001). Expression of bcl-6 and Cd10 in primary mediastinal large B-cell lymphoma: evidence for derivation from germinal center B cells?Am. J. Surg. pathology 25 (10), 1277–1282. Epub 2001/11/02. doi:10.1097/00000478-200110000-00008
 DElia, E., Iacovoni, A., Vaduganathan, M., Lorini, F. L., Perlini, S., and Senni, M. (2017). Neprilysin inhibition in heart failure: mechanisms and substrates beyond modulating natriuretic peptides. Eur. J. Heart Fail 19 (6), 710–717. Epub 2017/03/23. doi:10.1002/ejhf.799
 Delikat, S. E., Galvani, D. W., and Zuzel, M. (1994). A function of Cd10 on bone marrow stroma. Br. J. Haematol. 87 (3), 655–657. Epub 1994/07/01. doi:10.1111/j.1365-2141.1994.tb08335.x
 Denkovskij, J., Rudys, R., Bernotiene, E., Minderis, M., Bagdonas, S., and Kirdaite, G. (2015). Cell surface markers and exogenously induced ppix in synovial mesenchymal stem cells. Cytom. A 87 (11), 1001–1011. Epub 20150910. doi:10.1002/cyto.a.22781
 Desmedt, C., Majjaj, S., Kheddoumi, N., Singhal, S. K., Haibe-Kains, B., El Ouriaghli, F., et al. (2012). Characterization and clinical evaluation of Cd10+ stroma cells in the breast cancer microenvironment. Clin. cancer Res. 18 (4), 1004–1014. Epub 2012/01/12. doi:10.1158/1078-0432.Ccr-11-0383
 Ding, L., Vezzani, B., Khan, N., Su, J., Xu, L., Yan, G., et al. (2020). Cd10 expression identifies a subset of human perivascular progenitor cells with high proliferation and calcification potentials. Stem cells 38 (2), 261–275. Epub 2019/11/14. doi:10.1002/stem.3112
 Dubrovskaia, N. M., Nalivaeva, N. N., Plesneva, S. A., Feponova, A. A., Turner, A. J., and Zhuravin, I. A. (2009). Changes in the activity of amyloid-degrading metallopeptidases leads to disruption of memory in rats. Zhurnal vysshei Nervn. deiatelnosti Im. I P Pavlova 59 (5), 630–638. Epub 2009/12/02.
 El-Amouri, S. S., Zhu, H., Yu, J., Marr, R., Verma, I. M., and Kindy, M. S. (2008). Neprilysin: an enzyme candidate to slow the progression of Alzheimer's disease. Am. J. pathology 172 (5), 1342–1354. Epub 2008/04/12. doi:10.2353/ajpath.2008.070620
 Esser, N., and Zraika, S. (2019). Neprilysin inhibition: a new therapeutic option for type 2 diabetes?Diabetologia 62 (7), 1113–1122. Epub 2019/05/16. doi:10.1007/s00125-019-4889-y
 Feygina, E. E., Katrukha, A. G., and Semenov, A. G. (2019). Neutral endopeptidase (neprilysin) in therapy and diagnostics: yin and yang. Biochem. (Mosc) 84 (11), 1346–1358. Epub 2019/11/26. doi:10.1134/s0006297919110105
 Fischer, H. S., Zernig, G., Hauser, K. F., Gerard, C., Hersh, L. B., and Saria, A. (2002). Neutral endopeptidase knockout induces hyperalgesia in a model of visceral pain, an effect related to bradykinin and nitric oxide. J. Mol. Neurosci. MN 18 (1-2), 129–134. Epub 2002/04/05. doi:10.1385/jmn:18:1-2:129
 Fischer, H. S., Zernig, G., Schuligoi, R., Miczek, K. A., Hauser, K. F., Gerard, C., et al. (2000). Alterations within the endogenous opioid system in mice with targeted deletion of the neutral endopeptidase ('Enkephalinase') gene. Regul. Pept. 96 (1-2), 53–58. Epub 2000/12/05. doi:10.1016/s0167-0115(00)00200-7
 Freedland, S. J., Seligson, D. B., Liu, A. Y., Pantuck, A. J., Paik, S. H., Horvath, S., et al. (2003). Loss of Cd10 (neutral endopeptidase) is a frequent and early event in human prostate cancer. Prostate 55 (1), 71–80. Epub 2003/03/18. doi:10.1002/pros.10202
 Fritz, R., Mukherjee, A., Zaghi, S., Agalliu, I., Jindal, S., Tashima, A. K., et al. (2019). Identification and characterization of rsiy-11, a novel seminal peptide derived from semenogelin-1, which acts as a neutral endopeptidase inhibitor modulating sperm motility. J. assisted reproduction Genet. 36 (9), 1891–1900. Epub 2019/07/28. doi:10.1007/s10815-019-01524-8
 Fujimoto, Y., Nakanishi, Y., Sekine, S., Yoshimura, K., Akasu, T., Moriya, Y., et al. (2005). Cd10 expression in colorectal carcinoma correlates with liver metastasis. Dis. colon rectum 48 (10), 1883–1889. Epub 2005/09/22. doi:10.1007/s10350-005-0141-6
 Fukami, S., Watanabe, K., Iwata, N., Haraoka, J., Lu, B., Gerard, N. P., et al. (2002). Abeta-degrading endopeptidase, neprilysin, in mouse brain: synaptic and axonal localization inversely correlating with abeta pathology. Neurosci. Res. 43 (1), 39–56. Epub 2002/06/21. doi:10.1016/s0168-0102(02)00015-9
 Fukusumi, T., Ishii, H., Konno, M., Yasui, T., Nakahara, S., Takenaka, Y., et al. (2014). Cd10 as a novel marker of therapeutic resistance and cancer stem cells in head and neck squamous cell carcinoma. Br. J. cancer 111 (3), 506–514. Epub 2014/05/31. doi:10.1038/bjc.2014.289
 Gattazzo, F., Urciuolo, A., and Bonaldo, P. (2014). Extracellular matrix: a dynamic microenvironment for stem cell niche. Biochim. Biophys. Acta 1840 (8), 2506–2519. Epub 2014/01/15. doi:10.1016/j.bbagen.2014.01.010
 Genova, R. M., Meyer, K. J., Anderson, M. G., Harper, M. M., and Pieper, A. A. (2018). Neprilysin inhibition promotes corneal wound healing. Sci. Rep. 8 (1), 14385. Epub 2018/09/28. doi:10.1038/s41598-018-32773-9
 Ghaddar, G., Ruchon, A. F., Carpentier, M., Marcinkiewicz, M., Seidah, N. G., Crine, P., et al. (2000). Molecular cloning and biochemical characterization of a new mouse testis soluble-zinc-metallopeptidase of the neprilysin family. Biochem. J. 347 (Pt 2), 419–429. Epub 2000/04/06. doi:10.1042/0264-6021:3470419
 Gjorgova-Gjeorgjievski, S., Fritchie, K., and Folpe, A. L. (2021). Cd10 (neprilysin) expression: a potential adjunct in the distinction of hibernoma from morphologic mimics. Hum. Pathol. 110, 12–19. Epub 2021/01/07. doi:10.1016/j.humpath.2020.12.012
 Gonçalves, P. B., Ferreira, R., Gasperin, B., and Oliveira, J. F. (2012). Role of angiotensin in ovarian follicular development and ovulation in mammals: a review of recent advances. Reprod. Camb. Engl. 143 (1), 11–20. Epub 2011/11/03. doi:10.1530/rep-11-0192
 Gonzalez-Rodriguez, S., Poras, H., Menendez, L., Lastra, A., Ouimet, T., Fournie-Zaluski, M. C., et al. (2017). Synergistic combinations of the dual enkephalinase inhibitor Pl265 given orally with various analgesic compounds acting on different targets, in a murine model of cancer-induced bone pain. Scand. J. Pain 14, 25–38. Epub 20161101. doi:10.1016/j.sjpain.2016.09.011
 Greif, D. N., Kouroupis, D., Murdock, C. J., Griswold, A. J., Kaplan, L. D., Best, T. M., et al. (2020). Infrapatellar fat pad/synovium complex in early-stage knee osteoarthritis: potential new target and source of therapeutic mesenchymal stem/stromal cells. Front. Bioeng. Biotechnol. 8, 860. Epub 20200728. doi:10.3389/fbioe.2020.00860
 Gul, O. O., Sisman, P., Cander, S., Sarandol, E., Ersoy, C., and Erturk, E. (2022). Plasma neprilysin levels in patients with polycystic ovary syndrome. Acta Endocrinol. 18 (1), 35–39. Epub 2022/08/18. doi:10.4183/aeb.2022.35
 Gutta, S., Grobe, N., Kumbaji, M., Osman, H., Saklayen, M., Li, G., et al. (2018). Increased urinary angiotensin converting enzyme 2 and neprilysin in patients with type 2 diabetes. Am. J. physiology Ren. physiology 315 (2), F263–f74. Epub 2018/03/22. doi:10.1152/ajprenal.00565.2017
 Hardy, J., and Selkoe, D. J. (2002). The amyloid hypothesis of Alzheimer's disease: progress and problems on the road to therapeutics. Science 297 (5580), 353–356. Epub 2002/07/20. doi:10.1126/science.1072994
 Ho, M. E., Quek, S. I., True, L. D., Morrissey, C., Corey, E., Vessella, R. L., et al. (2013). Prostate cancer cell phenotypes based on Agr2 and Cd10 expression. Mod. Pathol. 26 (6), 849–859. Epub 2013/01/26. doi:10.1038/modpathol.2012.238
 Hüttenrauch, M., Baches, S., Gerth, J., Bayer, T. A., Weggen, S., and Wirths, O. (2015). Neprilysin deficiency alters the neuropathological and behavioral phenotype in the 5xfad mouse model of Alzheimer's disease. J. Alzheimer's Dis. JAD 44 (4), 1291–1302. Epub 2014/11/20. doi:10.3233/jad-142463
 Ibrahim, W. S. (2011). Comparison of stromal Cd10 expression in benign, borderline, and malignant phyllodes tumors among Egyptian female patients. Indian J. pathology Microbiol. 54 (4), 741–744. Epub 2012/01/12. doi:10.4103/0377-4929.91511
 Ichii, M., Oritani, K., Yokota, T., Zhang, Q., Garrett, K. P., Kanakura, Y., et al. (2010). The density of Cd10 corresponds to commitment and progression in the human B lymphoid lineage. PloS one 5 (9), e12954. Epub 2010/10/05. doi:10.1371/journal.pone.0012954
 Imai, K., Kanzaki, H., Fujiwara, H., Maeda, M., Ueda, M., Suginami, H., et al. (1994). Expression and localization of aminopeptidase N, neutral endopeptidase, and dipeptidyl peptidase iv in the human placenta and fetal membranes. Am. J. obstetrics Gynecol. 170 (4), 1163–1168. Epub 1994/04/01. doi:10.1016/s0002-9378(94)70115-6
 Jiang, T., Diao, X., Ding, M., Niu, X., Wang, C., Qi, Y., et al. (2021). Sr-B1 and Cd10 combined immunoprofile for differential diagnosis of metastatic clear cell renal cell carcinoma and clear cell carcinoma of the ovary. J. Mol. histology 52 (3), 539–544. Epub 2021/02/21. doi:10.1007/s10735-021-09963-3
 Johnson, A. R., Skidgel, R. A., Gafford, J. T., and Erdös, E. G. (1984). Enzymes in placental microvilli: angiotensin I converting enzyme, angiotensinase a, carboxypeptidase, and neutral endopeptidase ("Enkephalinase"). Peptides 5 (4), 789–796. Epub 1984/07/01. doi:10.1016/0196-9781(84)90023-8
 Jones, E. A., English, A., Henshaw, K., Kinsey, S. E., Markham, A. F., Emery, P., et al. (2004). Enumeration and phenotypic characterization of synovial fluid multipotential mesenchymal progenitor cells in inflammatory and degenerative arthritis. Arthritis Rheum. 50 (3), 817–827. doi:10.1002/art.20203
 Jung, S. M., and Kuo, T. T. (2005). Immunoreactivity of Cd10 and inhibin alpha in differentiating hemangioblastoma of central nervous system from metastatic clear cell renal cell carcinoma. Mod. Pathol. 18 (6), 788–794. Epub 2004/12/04. doi:10.1038/modpathol.3800351
 Kadota, K., Villena-Vargas, J., Nitadori, J., Sima, C. S., Jones, D. R., Travis, W. D., et al. (2015). Tumoral Cd10 expression correlates with aggressive histology and prognosis in patients with malignant pleural mesothelioma. Ann. Surg. Oncol. 22 (9), 3136–3143. Epub 2015/01/23. doi:10.1245/s10434-015-4374-x
 Kalled, S. L., Siva, N., Stein, H., and Reinherz, E. L. (1995). The distribution of Cd10 (nep 24.11, calla) in humans and mice is similar in non-lymphoid organs but differs within the hematopoietic system: absence on murine T and B lymphoid progenitors. Eur. J. Immunol. 25 (3), 677–687. Epub 1995/03/01. doi:10.1002/eji.1830250308
 Kalof, A. N., Tam, D., Beatty, B., and Cooper, K. (2004). Immunostaining patterns of myoepithelial cells in breast lesions: a comparison of Cd10 and smooth muscle myosin heavy chain. J. Clin. Pathol. 57 (6), 625–629. Epub 2004/05/29. doi:10.1136/jcp.2003.013227
 Kario, K. (2018). The sacubitril/valsartan, a first-in-class, angiotensin receptor neprilysin inhibitor (arni): potential uses in hypertension, heart failure, and beyond. Curr. Cardiol. Rep. 20 (1), 5. Epub 2018/01/29. doi:10.1007/s11886-018-0944-4
 Kentsch, M., and Otter, W. (1999). Novel neurohormonal modulators in cardiovascular disorders. The therapeutic potential of endopeptidase inhibitors. Drugs R. D. 1 (4), 331–338. Epub 1999/11/24. doi:10.2165/00126839-199901040-00011
 Khanh do, T., Mekata, E., Mukaisho, K., Sugihara, H., Shimizu, T., Shiomi, H., et al. (2011). Prognostic role of Cd10⁺ myeloid cells in association with tumor budding at the invasion front of colorectal cancer. Cancer Sci. 102 (9), 1724–1733. Epub 2011/05/24. doi:10.1111/j.1349-7006.2011.01987.x
 Khder, Y., Shi, V., McMurray, J. J. V., and Lefkowitz, M. P. (2017). Sacubitril/valsartan (Lcz696) in heart failure. Handb. Exp. Pharmacol. 243, 133–165. Epub 2016/12/23. doi:10.1007/164_2016_77
 Kim, H. S., Kim, G. Y., Kim, Y. W., Park, Y. K., Song, J. Y., and Lim, S. J. (2010). Stromal Cd10 expression and relationship to the E-cadherin/beta-catenin complex in breast carcinoma. Histopathology 56 (6), 708–719. Epub 2010/06/16. doi:10.1111/j.1365-2559.2010.03534.x
 Kim, J., Han, D., Byun, S. H., Kwon, M., Cho, S. J., Koh, Y. H., et al. (2017). Neprilysin facilitates adipogenesis through potentiation of the phosphatidylinositol 3-kinase (Pi3k) signaling pathway. Mol. Cell. Biochem. 430 (1-2), 1–9. Epub 2017/02/28. doi:10.1007/s11010-017-2948-6
 Kobayashi, T., Nagai, M., Da Silva, J. D., Galaburda, A. M., Rosenberg, S. H., Hatakeyama, W., et al. (2019). Retrograde transport of masseter muscle-derived neprilysin to Hippocampus. Neurosci. Lett. 698, 180–185. Epub 2019/01/15. doi:10.1016/j.neulet.2019.01.021
 Konttinen, Y. T., Kemppinen, P., Segerberg, M., Hukkanen, M., Rees, R., Santavirta, S., et al. (1994). Peripheral and spinal neural mechanisms in arthritis, with particular reference to treatment of inflammation and pain. Arthritis Rheum. 37 (7), 965–982. doi:10.1002/art.1780370701
 Kouroupis, D., Bowles, A. C., Best, T. M., Kaplan, L. D., and Correa, D. (2020). Cd10/Neprilysin enrichment in infrapatellar fat pad-derived mesenchymal stem cells under regulatory-compliant conditions: implications for efficient synovitis and fat pad fibrosis reversal. Am. J. sports Med. 48 (8), 2013–2027. Epub 2020/05/20. doi:10.1177/0363546520917699
 Kouroupis, D., Bowles, A. C., Willman, M. A., Perucca Orfei, C., Colombini, A., Best, T. M., et al. (2019). Infrapatellar fat pad-derived msc response to inflammation and fibrosis induces an immunomodulatory phenotype involving Cd10-mediated substance P degradation. Sci. Rep. 9 (1), 10864. Epub 2019/07/28. doi:10.1038/s41598-019-47391-2
 Kouroupis, D., Kaplan, L. D., Huard, J., and Best, T. M. (2023). Cd10-Bound human mesenchymal stem/stromal cell-derived small extracellular vesicles possess immunomodulatory cargo and maintain cartilage homeostasis under inflammatory conditions. Cells 12 (14), 1824. Epub 20230711. doi:10.3390/cells12141824
 Kramer, H. H., He, L., Lu, B., Birklein, F., and Sommer, C. (2009). Increased pain and neurogenic inflammation in mice deficient of neutral endopeptidase. Neurobiol. Dis. 35 (2), 177–183. Epub 20081120. doi:10.1016/j.nbd.2008.11.002
 Kristiansen, G., Schlüns, K., Yongwei, Y., Dietel, M., and Petersen, I. (2002). Cd10 expression in non-small cell lung cancer. Anal. Cell. Pathol. 24 (1), 41–46. Epub 2002/07/18. doi:10.1155/2002/781580
 Kumagai, R., Kohashi, K., Takahashi, S., Yamamoto, H., Hirahashi, M., Taguchi, K., et al. (2015). Mucinous phenotype and Cd10 expression of primary adenocarcinoma of the small intestine. World J. gastroenterology 21 (9), 2700–2710. Epub 2015/03/12. doi:10.3748/wjg.v21.i9.2700
 Kuniyasu, H., Luo, Y., Fujii, K., Sasahira, T., Moriwaka, Y., Tatsumoto, N., et al. (2010). Cd10 enhances metastasis of colorectal cancer by abrogating the anti-tumoural effect of methionine-enkephalin in the liver. Gut 59 (3), 348–356. Epub 2009/10/16. doi:10.1136/gut.2009.178376
 Kurose, R., Ichinohe, S., Tajima, G., Horiuchi, S., Kurose, A., Sawai, T., et al. (2010). Characterization of human synovial fluid cells of 26 patients with osteoarthritis knee for cartilage repair therapy. Int. J. Rheum. Dis. 13 (1), 68–74. doi:10.1111/j.1756-185X.2009.01456.x
 Lazarevic, M., Milosevic, M., Trisic, D., Toljic, B., Simonovic, J., Nikolic, N., et al. (2018). Putative cancer stem cells are present in surgical margins of oral squamous cell carcinoma. J. BUON official J. Balkan Union Oncol. 23 (6), 1686–1692. Epub 2019/01/06.
 Lee, K. W., Sung, C. O., Kim, J. H., Kang, M., Yoo, H. Y., Kim, H. H., et al. (2015). Cd10 expression is enhanced by Twist1 and associated with poor prognosis in esophageal squamous cell carcinoma with facilitating tumorigenicity in vitro and in vivo. Int. J. cancer 136 (2), 310–321. Epub 2014/06/05. doi:10.1002/ijc.29006
 Leissring, M. A., Farris, W., Chang, A. Y., Walsh, D. M., Wu, X., Sun, X., et al. (2003). Enhanced proteolysis of beta-amyloid in app transgenic mice prevents plaque formation, secondary pathology, and premature death. Neuron 40 (6), 1087–1093. Epub 2003/12/23. doi:10.1016/s0896-6273(03)00787-6
 Li, Q., Wang, Y., Xu, L., Wang, L., Guo, Y., and Guo, C. (2021). High level of Cd10 expression is associated with poor overall survival in patients with head and neck cancer. Int. J. oral Maxillofac. Surg. 50 (7), 857–864. Epub 2020/11/03. doi:10.1016/j.ijom.2020.07.037
 Li, X., Lewis, M. T., Huang, J., Gutierrez, C., Osborne, C. K., Wu, M. F., et al. (2008). Intrinsic resistance of tumorigenic breast cancer cells to chemotherapy. J. Natl. Cancer Inst. 100 (9), 672–679. Epub 2008/05/01. doi:10.1093/jnci/djn123
 Liu, X. Q., Deng, Y. X., Dai, Z., Hu, T., Cai, W. W., Liu, H. F., et al. (2020). Sodium tanshinone IIA sulfonate protects against Aβ1-42-induced cellular toxicity by modulating Aβ-degrading enzymes in HT22 cells. Int. J. Biol. Macromol. 151, 47–55. Epub 2020/02/10. doi:10.1016/j.ijbiomac.2020.02.040
 Liu, Y., Studzinski, C., Beckett, T., Murphy, M. P., Klein, R. L., and Hersh, L. B. (2010). Circulating neprilysin clears brain amyloid. Mol. Cell. Neurosci. 45 (2), 101–107. Epub 2010/06/19. doi:10.1016/j.mcn.2010.05.014
 Llorens, C., Malfroy, B., Schwartz, J. C., Gacel, G., Roques, B. P., Roy, J., et al. (1982). Enkephalin dipeptidyl carboxypeptidase (enkephalinase) activity: selective radioassay, properties, and regional distribution in human brain. J. Neurochem. 39 (4), 1081–1089. Epub 1982/10/01. doi:10.1111/j.1471-4159.1982.tb11500.x
 Louhichi, T., Saad, H., Dhiab, M. B., Ziadi, S., and Trimeche, M. (2018). Stromal Cd10 expression in breast cancer correlates with tumor invasion and cancer stem cell phenotype. BMC cancer 18 (1), 49. Epub 2018/01/08. doi:10.1186/s12885-017-3951-8
 Luo, J., Xie, C., and Fan, D. (2023). Is it meaningful for serum myoglobin in patients with covid-19 decreased?Georgian Med. News 338, 102–103.
 Madani, R., Poirier, R., Wolfer, D. P., Welzl, H., Groscurth, P., Lipp, H. P., et al. (2006). Lack of neprilysin suffices to generate murine amyloid-like deposits in the brain and behavioral deficit in vivo. J. Neurosci. Res. 84 (8), 1871–1878. Epub 2006/09/26. doi:10.1002/jnr.21074
 Maguer-Satta, V., Besançon, R., and Bachelard-Cascales, E. (2011). Concise review: neutral endopeptidase (Cd10): a multifaceted environment actor in stem cells, physiological mechanisms, and cancer. Stem cells 29 (3), 389–396. Epub 2011/03/23. doi:10.1002/stem.592
 Malfroy, B., Schofield, P. R., Kuang, W. J., Seeburg, P. H., Mason, A. J., and Henzel, W. J. (1987). Molecular cloning and amino acid sequence of rat enkephalinase. Biochem. Biophys. Res. Commun. 144 (1), 59–66. Epub 1987/04/14. doi:10.1016/s0006-291x(87)80475-8
 Manolis, A. S., Manolis, T. A., Manolis, A. A., and Melita, H. (2020). The controversy of renin-angiotensin-system blocker facilitation versus countering covid-19 infection. J. Cardiovasc Pharmacol. 76 (4), 397–406. Epub 2020/08/10. doi:10.1097/fjc.0000000000000894
 Marr, R. A., Rockenstein, E., Mukherjee, A., Kindy, M. S., Hersh, L. B., Gage, F. H., et al. (2003). Neprilysin gene transfer reduces human amyloid pathology in transgenic mice. J. Neurosci. 23 (6), 1992–1996. Epub 2003/03/27. doi:10.1523/jneurosci.23-06-01992.2003
 Marshall, K. W., Chiu, B., and Inman, R. D. (1990). Substance P and arthritis: Analysis of plasma and synovial fluid levels. Arthritis Rheum. 33 (1), 87–90. doi:10.1002/art.1780330111
 Maruyama, M., Higuchi, M., Takaki, Y., Matsuba, Y., Tanji, H., Nemoto, M., et al. (2005). Cerebrospinal fluid neprilysin is reduced in prodromal Alzheimer's disease. Ann. neurology 57 (6), 832–842. Epub 2005/06/02. doi:10.1002/ana.20494
 Matsas, R., Kenny, A. J., and Turner, A. J. (1986). An immunohistochemical study of endopeptidase-24.11 ("Enkephalinase") in the pig nervous system. Neuroscience 18 (4), 991–1012. Epub 1986/08/01. doi:10.1016/0306-4522(86)90113-2
 McDowell, G., and Nicholls, D. P. (1999). The endopeptidase inhibitor, candoxatril, and its therapeutic potential in the treatment of chronic cardiac failure in man. Expert Opin. investigational drugs 8 (1), 79–84. Epub 2005/07/05. doi:10.1517/13543784.8.1.79
 McKerrow, J. H. (1987). Human fibroblast collagenase contains an amino acid sequence homologous to the zinc-binding site of Serratia protease. J. Biol. Chem. 262 (13), 5943. Epub 1987/05/05. doi:10.1016/s0021-9258(18)45517-2
 McMurray, J. J., Packer, M., Desai, A. S., Gong, J., Lefkowitz, M. P., Rizkala, A. R., et al. (2014). Angiotensin-neprilysin inhibition versus enalapril in heart failure. N. Engl. J. Med. 371 (11), 993–1004. Epub 2014/09/02. doi:10.1056/NEJMoa1409077
 Menéndez, L., Hidalgo, A., Meana, A., Poras, H., Fournié-Zaluski, M. C., Roques, B. P., et al. (2008). Inhibition of osteosarcoma-induced thermal hyperalgesia in mice by the orally active dual enkephalinase inhibitor Pl37. Potentiation by gabapentin. Eur. J. Pharmacol. 596 (1-3), 50–55. Epub 2008/08/12. doi:10.1016/j.ejphar.2008.07.043
 Miners, J. S., Baig, S., Palmer, J., Palmer, L. E., Kehoe, P. G., and Love, S. (2008). Abeta-degrading enzymes in Alzheimer's disease. Brain pathol. 18 (2), 240–252. Epub 2008/03/28. doi:10.1111/j.1750-3639.2008.00132.x
 Mizerska-Dudka, M., and Kandefer-Szerszeń, M. (2015). Opioids, neutral endopeptidase, its inhibitors and cancer: is there a relationship among them?Archivum Immunol. Ther. Exp. 63 (3), 197–205. Epub 2014/09/07. doi:10.1007/s00005-014-0311-0
 Mizerska-Kowalska, M., Bojarska-Junak, A., Jakubowicz-Gil, J., and Kandefer-Szerszeń, M. (2016). Neutral endopeptidase (nep) is differentially involved in biological activities and cell signaling of colon cancer cell lines derived from various stages of tumor development. Tumour Biol. 37 (10), 13355–13368. Epub 2016/07/28. doi:10.1007/s13277-016-5248-y
 Mizerska-Kowalska, M., Kreczko-Kurzawa, J., Zdzisińska, B., Czerwonka, A., Sławińska-Brych, A., Maćkiewicz, Z., et al. (2019). Neutral endopeptidase (nep) inhibitors - thiorphan, sialorphin, and its derivatives exert anti-proliferative activity towards colorectal cancer cells in vitro. Chemico-biological Interact. 307, 105–115. Epub 2019/05/06. doi:10.1016/j.cbi.2019.04.033
 Mizerska-Kowalska, M., Sawa-Wejksza, K., Sławińska-Brych, A., Kandefer-Szerszeń, M., and Zdzisińska, B. (2021). Neutral endopeptidase depletion decreases colon cancer cell proliferation and TGF-β1 synthesis in indirect co-cultures with normal colon fibroblasts. Clin. Transl. Oncol. 23 (7), 1405–1414. Epub 2021/02/05. doi:10.1007/s12094-020-02537-x
 Mohammed El Tabaa, M., and Mohammed El Tabaa, M. (2020). Targeting neprilysin (nep) pathways: a potential new hope to defeat covid-19 ghost. Biochem. Pharmacol. 178, 114057. Epub 20200527. doi:10.1016/j.bcp.2020.114057
 Morales-Corraliza, J., Wong, H., Mazzella, M. J., Che, S., Lee, S. H., Petkova, E., et al. (2016). Brain-wide insulin resistance, tau phosphorylation changes, and hippocampal neprilysin and amyloid-β alterations in a monkey model of type 1 diabetes. J. Neurosci. 36 (15), 4248–4258. Epub 2016/04/15. doi:10.1523/jneurosci.4640-14.2016
 Morisaki, N., Moriwaki, S., Sugiyama-Nakagiri, Y., Haketa, K., Takema, Y., and Imokawa, G. (2010). Neprilysin is identical to skin fibroblast elastase: its role in skin aging and uv responses. J. Biol. Chem. 285 (51), 39819–39827. Epub 2010/09/30. doi:10.1074/jbc.M110.161547
 Muangman, P., Spenny, M. L., Tamura, R. N., and Gibran, N. S. (2003). Fatty acids and glucose increase neutral endopeptidase activity in human microvascular endothelial cells. Shock (Augusta, Ga) 19 (6), 508–512. Epub 2003/06/06. doi:10.1097/01.shk.0000055815.40894.16
 Muenzner, M., Tappenbeck, N., Gembardt, F., Rülke, R., Furkert, J., Melzig, M. F., et al. (2016). Green tea reduces body fat via upregulation of neprilysin. Int. J. Obes. 40 (12), 1850–1855. Epub 2016/10/05. doi:10.1038/ijo.2016.172
 Murphy, M. P., Beckett, T. L., Ding, Q., Patel, E., Markesbery, W. R., St Clair, D. K., et al. (2007). Abeta solubility and deposition during ad progression and in appxps-1 knock-in mice. Neurobiol. Dis. 27 (3), 301–311. Epub 2007/07/27. doi:10.1016/j.nbd.2007.06.002
 Nalivaeva, N. N., Fisk, L. R., Belyaev, N. D., and Turner, A. J. (2008). Amyloid-degrading enzymes as therapeutic targets in Alzheimer's disease. Curr. Alzheimer Res. 5 (2), 212–224. Epub 2008/04/09. doi:10.2174/156720508783954785
 Nalivaeva, N. N., and Turner, A. J. (2019). Targeting amyloid clearance in Alzheimer's disease as a therapeutic strategy. Br. J. Pharmacol. 176 (18), 3447–3463. Epub 2019/02/03. doi:10.1111/bph.14593
 Nalivaeva, N. N., Zhuravin, I. A., and Turner, A. J. (2020). Neprilysin expression and functions in development, ageing and disease. Mech. Ageing Dev. 192, 111363. Epub 2020/09/29. doi:10.1016/j.mad.2020.111363
 Nalivaevaa, N. N., Fisk, L., Kochkina, E. G., Plesneva, S. A., Zhuravin, I. A., Babusikova, E., et al. (2004). Effect of hypoxia/ischemia and hypoxic preconditioning/reperfusion on expression of some amyloid-degrading enzymes. Ann. N. Y. Acad. Sci. 1035, 21–33. Epub 2005/02/01. doi:10.1196/annals.1332.002
 Ogawa, H., Iwaya, K., Izumi, M., Kuroda, M., Serizawa, H., Koyanagi, Y., et al. (2002). Expression of Cd10 by stromal cells during colorectal tumor development. Hum. Pathol. 33 (8), 806–811. Epub 2002/08/31. doi:10.1053/hupa.2002.125773
 Ong, W. K., Tan, C. S., Chan, K. L., Goesantoso, G. G., Chan, X. H., Chan, E., et al. (2014). Identification of specific cell-surface markers of adipose-derived stem cells from subcutaneous and visceral fat depots. Stem Cell Rep. 2 (2), 171–179. Epub 2014/02/15. doi:10.1016/j.stemcr.2014.01.002
 Ordi, J., Romagosa, C., Tavassoli, F. A., Nogales, F., Palacin, A., Condom, E., et al. (2003). Cd10 expression in epithelial tissues and tumors of the gynecologic tract: a useful marker in the diagnosis of mesonephric, trophoblastic, and clear cell tumors. Am. J. Surg. pathology 27 (2), 178–186. Epub 2003/01/28. doi:10.1097/00000478-200302000-00005
 Osman, I., Yee, H., Taneja, S. S., Levinson, B., Zeleniuch-Jacquotte, A., Chang, C., et al. (2004). Neutral endopeptidase protein expression and prognosis in localized prostate cancer. Clin. cancer Res. 10 (12 Pt 1), 4096–4100. Epub 2004/06/26. doi:10.1158/1078-0432.Ccr-04-0120
 Packer, M., and Kitzman, D. W. (2018). Obesity-related heart failure with a preserved ejection fraction: the mechanistic rationale for combining inhibitors of aldosterone, neprilysin, and sodium-glucose cotransporter-2. JACC Heart Fail. 6 (8), 633–639. Epub 2018/03/12. doi:10.1016/j.jchf.2018.01.009
 Papandreou, C. N., Usmani, B., Geng, Y., Bogenrieder, T., Freeman, R., Wilk, S., et al. (1998). Neutral endopeptidase 24.11 loss in metastatic human prostate cancer contributes to androgen-independent progression. Nat. Med. 4 (1), 50–57. Epub 1998/01/14. doi:10.1038/nm0198-050
 Parilla, J. H., Hull, R. L., and Zraika, S. (2018). Neprilysin deficiency is associated with expansion of islet β-cell mass in high fat-fed mice. J. Histochem. Cytochem. official J. Histochem. Soc. 66 (7), 523–530. Epub 2018/03/20. doi:10.1369/0022155418765164
 Parthasarathy, R., Chow, K. M., Derafshi, Z., Fautsch, M. P., Hetling, J. R., Rodgers, D. W., et al. (2015). Reduction of amyloid-beta levels in mouse eye tissues by intra-vitreally delivered neprilysin. Exp. Eye Res. 138, 134–144. Epub 20150702. doi:10.1016/j.exer.2015.06.027
 Pascual-Figal, D., Bayés-Genis, A., Beltrán-Troncoso, P., Caravaca-Pérez, P., Conde-Martel, A., Crespo-Leiro, M. G., et al. (2021). Sacubitril-valsartan, clinical benefits and related mechanisms of action in heart failure with reduced ejection fraction. A review. Front. Cardiovasc. Med. 8, 754499. Epub 2021/12/04. doi:10.3389/fcvm.2021.754499
 Pavo, N., Gugerell, A., Goliasch, G., Bartko, P. E., Arfsten, H., Novak, J. F., et al. (2019). Increased granulocyte membrane neprilysin (Cd10) expression is associated with better prognosis in heart failure. Eur. J. Heart Fail 21 (4), 537–539. Epub 2019/03/05. doi:10.1002/ejhf.1441
 Pereira, V. M., Reis, F. M., Cassali, G. D., Santos, S. H. S., Casalechi, M., Santos, R. A. S., et al. (2020). Localization of angiotensin-(1-7) and mas receptor in the rat ovary throughout the estrous cycle. J. Mol. histology 51 (6), 639–647. Epub 2020/09/03. doi:10.1007/s10735-020-09910-8
 Pereira, V. M., Reis, F. M., Santos, R. A., Cassali, G. D., Santos, S. H., Honorato-Sampaio, K., et al. (2009). Gonadotropin stimulation increases the expression of angiotensin-(1--7) and mas receptor in the rat ovary. Reprod. Sci. 16 (12), 1165–1174. Epub 2009/08/26. doi:10.1177/1933719109343309
 Pinto, F. M., Ravina, C. G., Subiran, N., Cejudo-Román, A., Fernández-Sánchez, M., Irazusta, J., et al. (2010). Autocrine regulation of human sperm motility by tachykinins. Reproductive Biol. Endocrinol. RB&E 8, 104. Epub 2010/08/28. doi:10.1186/1477-7827-8-104
 Poblet, E., and Jiménez, F. (2008). Cd10 and Cd34 in fetal and adult human hair follicles: dynamic changes in their immunohistochemical expression during embryogenesis and hair cycling. Br. J. dermatology 159 (3), 646–652. Epub 2008/07/22. doi:10.1111/j.1365-2133.2008.08741.x
 Prausmüller, S., Spinka, G., Arfsten, H., Stasek, S., Rettl, R., Bartko, P. E., et al. (2021). Relevance of neutrophil neprilysin in heart failure. Cells 10 (11), 2922. Epub 2021/11/28. doi:10.3390/cells10112922
 Proud, D., and Kaplan, A. P. (1988). Kinin Formation: mechanisms and role in inflammatory disorders. Annu. Rev. Immunol. 6, 49–83. doi:10.1146/annurev.iy.06.040188.000405
 Pu, Y., Li, Q., Wang, Y., Xu, L., Qiao, Q., Guo, Y., et al. (2021). Perk-mediated Il8 secretion can enhance the migration, invasion, and cisplatin resistance of Cd10-positive oral cancer cells. BMC cancer 21 (1), 1283. Epub 2021/12/02. doi:10.1186/s12885-021-09025-7
 Puri, V., Jain, M., Mahajan, G., and Pujani, M. (2016). Critical appraisal of stromal Cd10 staining in fibroepithelial lesions of breast with a special emphasis on expression patterns and correlation with who grading. J. cancer Res. Ther. 12 (2), 667–670. Epub 2016/07/28. doi:10.4103/0973-1482.177215
 Ramírez-Sánchez, M., Prieto, I., Segarra, A. B., Martínez-Cañamero, M., Banegas, I., and de Gasparo, M. (2019). Enkephalinase regulation. Vitamins hormones 111, 105–129. Epub 2019/08/20. doi:10.1016/bs.vh.2019.05.007
 Raposo, T. P., Comes, M. S., Idowu, A., Agit, B., Hassall, J., Fadhil, W., et al. (2018). Cd10 inhibits cell motility but expression is associated with advanced stage disease in colorectal cancer. Exp. Mol. pathology 104 (3), 190–198. Epub 2018/04/14. doi:10.1016/j.yexmp.2018.04.002
 Roques, B. P. (2018). Contribution of delta-opioid receptors to pathophysiological events explored by endogenous enkephalins. Handb. Exp. Pharmacol. 247, 53–70. Epub 2016/07/16. doi:10.1007/164_2016_17
 Roques, B. P., Noble, F., Daugé, V., Fournié-Zaluski, M. C., and Beaumont, A. (1993). Neutral endopeptidase 24.11: structure, inhibition, and experimental and clinical Pharmacology. Pharmacol. Rev. 45 (1), 87–146. Epub 1993/03/01.
 Ruchon, A. F., Marcinkiewicz, M., Ellefsen, K., Basak, A., Aubin, J., Crine, P., et al. (2000). Cellular localization of neprilysin in mouse bone tissue and putative role in hydrolysis of osteogenic peptides. J. bone mineral Res. official J. Am. Soc. Bone Mineral Res. 15 (7), 1266–1274. Epub 2000/07/14. doi:10.1359/jbmr.2000.15.7.1266
 Sánchez-Céspedes, R., Suárez-Bonnet, A., Millán, Y., Guil-Luna, S., Reymundo, C., Herráez, P., et al. (2013). Use of Cd10 as a marker of canine mammary myoepithelial cells. Veterinary J. 195 (2), 192–199. Epub 2012/07/24. doi:10.1016/j.tvjl.2012.06.003
 Seferovic, J. P., Claggett, B., Seidelmann, S. B., Seely, E. W., Packer, M., Zile, M. R., et al. (2017). Effect of sacubitril/valsartan versus enalapril on glycaemic control in patients with heart failure and diabetes: a post-hoc Analysis from the paradigm-Hf trial. lancet Diabetes and Endocrinol. 5 (5), 333–340. Epub 2017/03/24. doi:10.1016/s2213-8587(17)30087-6
 Shipp, M. A., Stefano, G. B., Switzer, S. N., Griffin, J. D., and Reinherz, E. L. (1991b). Cd10 (Calla)/Neutral endopeptidase 24.11 modulates inflammatory peptide-induced changes in neutrophil morphology, migration, and adhesion proteins and is itself regulated by neutrophil activation. Blood 78 (7), 1834–1841. doi:10.1182/blood.v78.7.1834.1834
 Shipp, M. A., Tarr, G. E., Chen, C. Y., Switzer, S. N., Hersh, L. B., Stein, H., et al. (1991a). Cd10/Neutral endopeptidase 24.11 hydrolyzes bombesin-like peptides and regulates the growth of small cell carcinomas of the lung. Proc. Natl. Acad. Sci. U. S. A. 88 (23), 10662–10666. Epub 1991/12/01. doi:10.1073/pnas.88.23.10662
 Solan, N. J., Ward, P. E., Sanders, S. P., Towns, M. C., and Bathon, J. M. (1998). Soluble recombinant neutral endopeptidase (Cd10) as a potential antiinflammatory agent. Inflammation 22 (1), 107–121. doi:10.1023/a:1022304025789
 Spencer, B., Verma, I., Desplats, P., Morvinski, D., Rockenstein, E., Adame, A., et al. (2014). A neuroprotective brain-penetrating endopeptidase fusion protein ameliorates alzheimer disease pathology and restores neurogenesis. J. Biol. Chem. 289 (25), 17917–17931. Epub 2014/05/16. doi:10.1074/jbc.M114.557439
 Spenny, M. L., Muangman, P., Sullivan, S. R., Bunnett, N. W., Ansel, J. C., Olerud, J. E., et al. (2002). Neutral endopeptidase inhibition in diabetic wound repair. Wound repair Regen. official Publ. Wound Heal. Soc. Eur. Tissue Repair Soc. 10 (5), 295–301. Epub 2002/10/31. doi:10.1046/j.1524-475x.2002.10504.x
 Spijkerman, R., Bongers, S. H., Bindels, B. J. J., Tinnevelt, G. H., Giustarini, G., Jorritsma, N. K. N., et al. (2021). Flow cytometric evaluation of the neutrophil compartment in covid-19 at hospital presentation: a normal response to an abnormal situation. J. Leukoc. Biol. 109 (1), 99–114. Epub 2021/02/23. doi:10.1002/jlb.5cova0820-520rrr
 Spillantini, M. G., Sicuteri, F., Salmon, S., and Malfroy, B. (1990). Characterization of endopeptidase 3.4.24.11 ("Enkephalinase") activity in human plasma and cerebrospinal fluid. Biochem. Pharmacol. 39 (8), 1353–1356. Epub 1990/04/15. doi:10.1016/0006-2952(90)90012-a
 Standeven, K. F., Hess, K., Carter, A. M., Rice, G. I., Cordell, P. A., Balmforth, A. J., et al. (2011). Neprilysin, obesity and the metabolic syndrome. Int. J. Obes. 35 (8), 1031–1040. Epub 2010/11/03. doi:10.1038/ijo.2010.227
 Su, S., Chen, J., Yao, H., Liu, J., Yu, S., Lao, L., et al. (2018). Cd10(+)Gpr77(+) cancer-associated fibroblasts promote cancer formation and chemoresistance by sustaining cancer stemness. Cell 172 (4), 841–856. e16. Epub 2018/02/06. doi:10.1016/j.cell.2018.01.009
 Subirán, N., Agirregoitia, E., Valdivia, A., Ochoa, C., Casis, L., and Irazusta, J. (2008). Expression of enkephalin-degrading enzymes in human semen and implications for sperm motility. Fertil. Steril. 89 (5 Suppl. l), 1571–1577. Epub 2007/10/24. doi:10.1016/j.fertnstert.2007.06.056
 Subirán, N., Pinto, F. M., Agirregoitia, E., Candenas, L., and Irazusta, J. (2010). Control of apn/Cd13 and nep/Cd10 on sperm motility. Asian J. Androl. 12 (6), 899–902. Epub 2010/09/21. doi:10.1038/aja.2010.82
 Sumitomo, M., Iwase, A., Zheng, R., Navarro, D., Kaminetzky, D., Shen, R., et al. (2004). Synergy in tumor suppression by direct interaction of neutral endopeptidase with pten. Cancer Cell 5 (1), 67–78. Epub 2004/01/30. doi:10.1016/s1535-6108(03)00331-3
 Sumitomo, M., Milowsky, M. I., Shen, R., Navarro, D., Dai, J., Asano, T., et al. (2001). Neutral endopeptidase inhibits neuropeptide-mediated transactivation of the insulin-like growth factor receptor-akt cell survival pathway. Cancer Res. 61 (8), 3294–3298. Epub 2001/04/20.
 Sunday, M. E., Hua, J., Torday, J. S., Reyes, B., and Shipp, M. A. (1992). Cd10/Neutral endopeptidase 24.11 in developing human fetal lung. Patterns of expression and modulation of peptide-mediated proliferation. J. Clin. investigation 90 (6), 2517–2525. Epub 1992/12/01. doi:10.1172/jci116145
 Tariq, M. U., Haroon, S., and Kayani, N. (2015). Role of Cd10 immunohistochemical expression in predicting aggressive behavior of phylloides tumors. Asian Pac. J. cancer Prev. APJCP 16 (8), 3147–3152. Epub 2015/04/30. doi:10.7314/apjcp.2015.16.8.3147
 Thanawala, V., Kadam, V. J., and Ghosh, R. (2008). Enkephalinase inhibitors: potential agents for the management of pain. Curr. Drug Targets 9 (10), 887–894. doi:10.2174/138945008785909356
 Thong, A., Müller, D., Feuerstacke, C., Mietens, A., Stammler, A., and Middendorff, R. (2014). Neutral endopeptidase (Cd10) is abundantly expressed in the epididymis and localized to a distinct population of epithelial cells--its relevance for cnp degradation. Mol. Cell. Endocrinol. 382 (1), 234–243. Epub 2013/10/09. doi:10.1016/j.mce.2013.09.027
 Tomonaga, M. (2009). Outline and direction of revised who classification of tumors of haematopoietic and lymphoid tissues. [Rinsho ketsueki] Jpn. J. Clin. Hematol. 50 (10), 1401–1406. Epub 2009/11/17.
 Toussaint, J., Durbecq, V., Altintas, S., Doriath, V., Rouas, G., Paesmans, M., et al. (2010). Low Cd10 mrna expression identifies high-risk ductal carcinoma in situ (dcis). PloS one 5 (8), e12100. Epub 2010/09/22. doi:10.1371/journal.pone.0012100
 Tran, T. T., and Kahn, C. R. (2010). Transplantation of adipose tissue and stem cells: role in metabolism and disease. Nat. Rev. Endocrinol. 6 (4), 195–213. Epub 2010/03/03. doi:10.1038/nrendo.2010.20
 Tran, T. T., Yamamoto, Y., Gesta, S., and Kahn, C. R. (2008). Beneficial effects of subcutaneous fat transplantation on metabolism. Cell metab. 7 (5), 410–420. Epub 2008/05/08. doi:10.1016/j.cmet.2008.04.004
 Trivedi, R. K., Polhemus, D. J., Li, Z., Yoo, D., Koiwaya, H., Scarborough, A., et al. (2018). Combined angiotensin receptor-neprilysin inhibitors improve cardiac and vascular function via increased No bioavailability in heart failure. J. Am. Heart Assoc. 7 (5), e008268. Epub 2018/03/05. doi:10.1161/jaha.117.008268
 Turner, A. J., Fisk, L., and Nalivaeva, N. N. (2004). Targeting amyloid-degrading enzymes as therapeutic strategies in neurodegeneration. Ann. N. Y. Acad. Sci. 1035, 1–20. Epub 2005/02/01. doi:10.1196/annals.1332.001
 Turner, A. J., and Nalivaeva, N. N. (2007). New insights into the roles of metalloproteinases in neurodegeneration and neuroprotection. Int. Rev. Neurobiol. 82, 113–135. Epub 2007/08/07. doi:10.1016/s0074-7742(07)82006-x
 Vassallo, M., Manni, S., Pini, P., Blanchouin, E., Ticchioni, M., Seitz-Polski, B., et al. (2020). Patients with covid-19 exhibit different immunological profiles according to their clinical presentation. Int. J. Infect. Dis. IJID 101, 174–179. Epub 2020/10/02. doi:10.1016/j.ijid.2020.09.1438
 Vaughan, W. P., Civin, C. I., Weisenburger, D. D., Karp, J. E., Graham, M. L., Sanger, W. G., et al. (1988). Acute leukemia expressing the normal human hematopoietic stem cell membrane glycoprotein Cd34 (My10). Leukemia 2 (10), 661–666. Epub 1988/10/01.
 Wang, Y., Li, Q., Xu, L., Chen, J., Pu, Y., Wang, L., et al. (2021). Cancer stemness of Cd10-positive cells regulated by hedgehog pathway promotes the resistance to cisplatin in oral squamous cell carcinoma. Oral Dis. 27 (6), 1403–1411. Epub 2020/10/11. doi:10.1111/odi.13673
 Xia, P. (2014). Surface markers of cancer stem cells in solid tumors. Curr. stem Cell Res. Ther. 9 (2), 102–111. Epub 2013/12/24. doi:10.2174/1574888x09666131217003709
 Xie, L., Moroi, Y., Takahara, M., Tsuji, G., Oba, J., Hayashida, S., et al. (2011b). Cd10 expressed by fibroblasts and melanoma cells degrades endothelin-1 secreted by human keratinocytes. Eur. J. Dermatol 21 (4), 505–509. Epub 2011/05/28. doi:10.1684/ejd.2011.1371
 Xie, L., Takahara, M., Nakahara, T., Oba, J., Uchi, H., Takeuchi, S., et al. (2011a). Cd10-Bearing fibroblasts may inhibit skin inflammation by down-modulating substance P. Arch. Dermatol Res. 303 (1), 49–55. Epub 2010/11/16. doi:10.1007/s00403-010-1093-9
 Yao, T., Takata, M., Tustsumi, S., Nishiyama, K., Taguchi, K., Nagai, E., et al. (2002). Phenotypic expression of gastrointestinal differentiation markers in colorectal adenocarcinomas with liver metastasis. Pathology 34 (6), 556–560. Epub 2003/01/31. doi:10.1080/0031302021000035965-4
 Yasojima, K., Akiyama, H., McGeer, E. G., and McGeer, P. L. (2001). Reduced neprilysin in high plaque areas of alzheimer brain: a possible relationship to deficient degradation of beta-amyloid peptide. Neurosci. Lett. 297 (2), 97–100. Epub 2000/12/21. doi:10.1016/s0304-3940(00)01675-x
 Yoshihisa, A., Yokokawa, T., Ichijo, Y., Kimishima, Y., Kanno, Y., Misaka, T., et al. (2019a). Soluble neprilysin - cardiac function and outcome in hypertrophic cardiomyopathy. Circ. Rep. 1 (6), 261–267. Epub 2019/05/21. doi:10.1253/circrep.CR-19-0034
 Yoshihisa, A., Yokokawa, T., Misaka, T., Oikawa, M., Kobayashi, A., Yamaki, T., et al. (2019b). Soluble neprilysin does not correlate with prognosis in pulmonary hypertension. Esc. heart Fail. 6 (2), 291–296. Epub 2019/01/27. doi:10.1002/ehf2.12404
 Zappulla, J. P., and DesGroseillers, L. (2001). Neutral endopeptidase is expressed on the follicular granulosa cells of rabbit ovaries. Comp. Biochem. physiology Part B, Biochem. Mol. Biol. 129 (4), 863–870. Epub 2001/07/04. doi:10.1016/s1096-4959(01)00390-6
 Zheng, R., Iwase, A., Shen, R., Goodman, O. B., Sugimoto, N., Takuwa, Y., et al. (2006). Neuropeptide-stimulated cell migration in prostate cancer cells is mediated by rhoa kinase signaling and inhibited by neutral endopeptidase. Oncogene 25 (44), 5942–5952. Epub 2006/05/03. doi:10.1038/sj.onc.1209586
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.
Copyright © 2024 Wang, Xiao, An, Luo, Gong and Yu. 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.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		A comprehensive review of the literature on CD10: its function, clinical application, and prospects		Introduction

		Biological roles of CD10

		Role of CD10 in different types of diseases		CD10 and hematologic tumors

		CD10 and nonhematologic tumors

		CD10 and AD

		CD10 and cardiovascular diseases

		CD10 and obesity and diabetes

		CD10 and inflammatory arthritis





		CD10 and stem cells

		CD10 and COVID-19

		CD10 as a therapeutic target

		Conclusion and perspectives

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





