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Inflammatory bowel disease (IBD) is caused by a variety of pathogenic factors, including chronic recurrent inflammation of the ileum, rectum, and colon. Immune cells and adhesion molecules play an important role in the course of the disease, which is actually an autoimmune disease. During IBD, CD34 is involved in mediating the migration of a variety of immune cells (neutrophils, eosinophils, and mast cells) to the inflammatory site, and its interaction with various adhesion molecules is involved in the occurrence and development of IBD. Although the function of CD34 as a partial cell marker is well known, little is known on its role in IBD. Therefore, this article describes the structure and biological function of CD34, as well as on its potential mechanism in the development of IBD.
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1 INTRODUCTION
The incidence of inflammatory bowel disease (IBD) has increased worldwide in recent years due to the change in eating habits and living conditions of people, severely affecting the quality of life (Ramos and Papadakis, 2019; van Gennep et al., 2021). IBD is a non-specific chronic intestinal inflammatory disease that includes ulcerative colitis and Crohn’s disease (Jain and Venkataraman, 2021). Both of them are immune-mediated diseases of the digestive system, characterized by inflammation, diarrhea, abdominal pain, rectal bleeding, and weight loss (Seyedian et al., 2019). Ulcerative colitis is more commonly affecting the rectum and colon mucosa, leading to inflammation and ulcers (Conrad et al., 2014). Crohn’s disease affects the entire digestive system from the mouth to the anus, often leading to inflammation of the entire intestinal layer (transmural and skip lesions), even further affecting the physiological functions of other organs through fistulas (M’Koma, 2022; Nosti et al., 2013). However, the pathogenesis and etiology of IBD are still unclear. The imbalance of the intestinal homeostasis is an important factor leading to IBD due to the important role of the intestinal microbiota in the maintenance of this homeostasis. The destruction or the change of the intestinal microbiota microenvironment often leads to mucosal immune disorders (Xavier and Podolsky, 2007; Torres and Rios, 2008), which cause an immune response that often represents the beginning of an inflammation. Various immune cells (Margraf and Perretti, 2022; Siel et al., 2022) and adhesion molecules (Reglero-Real et al., 2016) are known to be involved in the regulatory role of IBD, but their significance in the pathogenesis of IBD is still unclear (Torres and Rios, 2008).
Inflammation is a defensive reaction of the living tissue possessing a vascular system against harmful factors. The local reaction is characterized by redness, swelling, heat, and pain, and the systemic reaction is leukocytosis. During the inflammatory response, leukotrienes (LTs) produced by lipoxygenase catalysis act as inflammatory mediators by causing endothelial cell contraction and increasing vascular permeability. The study of Singh et al. (2004) revealed that the expression of this factor is significantly increased in IBD rats, and it promotes the release of adhesion molecules such as selectin and integrin from vascular endothelial cells, which participate in IBD (Cuzzocrea et al., 2005). For example, a large number of cell adhesion molecules is expressed on mucosal microvascular endothelial cells when intestinal inflammation occurs, so that white blood cells are further recruited into the inflammatory site, aggravating the inflammatory response (Liu et al., 2021b). In addition, leukotriene B4 is a potent immune cell chemotactic factor that causes the accumulation of immune cells at sites of inflammation (Castellani et al., 2009). These pieces of evidence suggest that the expression of inflammatory factors and the above-mentioned adhesion molecules mediated by inflammatory factors are involved in the occurrence and development of inflammation.
CD34 is a type I transmembrane phosphorylated glycoprotein with a relative molecular mass of approximately 115 KDa. It is a member of the cluster of differentiation and, as such, it is expressed in mucosal dendritic cells, mast cells, eosinophils, and other immune cells (Aulakh et al., 2021a). CD34 has a stable molecular structure and is often used as a cell marker for hematopoietic stem cell sorting, as well as islet endocrine cell marker (Huang et al., 2022). It has also been extensively studied in cell adhesion, inflammatory cell chemotaxis, cell proliferation and differentiation, and enhancement of the inflammatory response (Nielsen and McNagny, 2008; Grassl et al., 2010). Abnormally high CD34 expression is present in the intestine of IBD patients, (Tsiolakidou et al., 2008), and this increased expression has a certain role in the immune regulation of IBD. Indeed, immune cells such as neutrophils (Aulakh, 2020), eosinophils (Maltby et al., 2010), and mast cells (Drew et al., 2002) are recruited to the intestinal inflammation site through CD34. CD34 interacts with selectin (Lo et al., 2017) and integrin (Ohnishi et al., 2013) and exerts a synergistic effect with inflammatory cytokines, chemokines (Kitajima et al., 1999; Maltby et al., 2010) and other immune substances, thus participating to intestinal inflammation and promoting the progression of IBD (Milia et al., 2013; Ohnishi et al., 2013). The role of immune cells through CD34 is essentially the result of the interaction between cell adhesion molecules and CD34. In addition, CD34+ interstitial cells in the intestine are involved in the repair of the intestinal tissue damage (Wu et al., 2021). These loads of evidence suggest that CD34 plays an important role in the development of IBD.
Although the structure and biological functions of CD34 are well known, its role in the intestinal inflammatory response remains unclear (Hughes et al., 2020). Therefore, this article describes the biological function of CD34 involved in the migration of some immune cells and interaction with adhesion molecules, as well as the potential mechanism associated with its role in the inflammatory response during IBD.
2 STRUCTURE AND LOCALIZATION OF CD34
CD34 is located in the cell surface of hematopoietic cells, stromal cells, epithelial cells, and endothelial cells (Sidney et al., 2014), belongs to the class I transmembrane protein molecule, and possesses a structure that includes an extracellular region, transmembrane region, and cytoplasmic region (Hughes et al., 2020). The extracellular region is composed of 278 amino acid residues, with a certain degree of conservation and it is the main region interacting with other molecules. The extracellular domain of CD34 is rich in chain sugars that maintain its structural stability, protecting it from the hydrolysis by protease and providing specific recognition sites. The terminal 145 amino acid residues contain a high proportion of serine and threonine (up to 35%), which form a cluster of sialylation sites that are essential for its adhesion molecule function. In addition, the highly conserved amino acid sequence of the CD34 extracellular structure suggests that its biological function can be traced back to very ancient times. The transmembrane domain of CD34 is represented by an α-helix structure composed of 22 hydrophobic amino acid residues characterized by a type I transmembrane protein structure. The cytoplasmic region is composed of 73 hydrophobic amino acid residues recognizable by the C-terminal SH3 domain of the regulatory Crk-like [Crk(Cysteine-rich receptor-like kinase protein)-like, CrkL] protein (CrkL-SH3C) and this cytoplasmic region plays a role in inducing cell aggregation. The extracellular region of CD34 determines its function of mediates cell recognition and adhesion, and the cytoplasmic region determines its ability to mediate migration and aggregation, providing the basic conditions for its participation in the inflammatory response (Sidney et al., 2014). In addition, CD34 expressed in many tissues and organs of human such as spleen, lung, and pancreatic islets and gastrointestinal tract (Huang et al., 2022). The expression of CD34 in the gastrointestinal tract is higher compared with its expression in other organs, suggesting a major involvement of CD34 in the gastrointestinal tract functions. During IBD, CD34 works as an adhesion molecule or acts as an adhesion molecule ligand (Milia et al., 2013; Ohnishi et al., 2013) to mediate the location of various immune cells (mast cells, neutrophils, and eosinophils) at the inflammatory site (Aulakh et al., 2021a). These aspects prompted us to further explore the function of CD34 in IBD.
3 CD34 AND IBD
Although CD34 is widely used as a marker of hematopoietic stem/progenitor cells in clinical and scientific research, its specific biological function has not been fully confirmed (Sidney et al., 2014). CD34 has been repeatedly mentioned in studies on intestinal inflammation and intestinal function. Indeed, CD34 expression in the intestinal mucosa of IBD patients is significantly higher than that in healthy subjects (Tsiolakidou et al., 2008); inflammation is relatively mild in CD34 knockout mice belonging to the dextran sulfate-induced ulcerative colitis mouse model (Maltby et al., 2010); another report showed that the treatment with curcumin reduces the levels of CD34 immunoreactive capillaries and inflammatory cells in the intestinal inflammatory site compared with its levels in the control group (Hamed et al., 2022). Since CD34 is also involved in the recruitment of various immune cells in the inflammatory site during IBD (Grassl et al., 2010; Aulakh et al., 2021b), these results demonstrated that CD34 played a migration role in the process of immune cells reaching the site of inflammatory bowel disease.
Different types of IBD are characterized by different CD34 expressions. Indeed, its expression in ulcerative colitis is higher than that in Crohn’s disease. Thus, this difference has been used as a criterion to distinguish these two diseases and applied to clinical diagnosis in some cases (Zurawski et al., 2007). During intestinal inflammation, CD34+ cells are significantly increased in the submucosa, endothelium, and lamina propria of the intestinal tissue (Grassl et al., 2010). In addition, the telocytes (TCs) presented in the intestinal wall of the human colon are involved in ulcerative colitis, since colonic motor dysfunction occurs when TCs in the intestinal wall of patients with advanced fibrosis ulcerative colitis decrease or even disappear (Manetti et al., 2015). CD34 has been used as a marker of TCs (Zurzu et al., 2021); the number of CD34+ TCs in the intestine of rats with ulcerative colitis is significantly decreased, and it gradually increases after drug treatment and the consequent improvement of the symptoms (Arafat et al., 2021). Other studies showed that CD34 is expressed in fibroblasts at the site of the intestinal injury, promoting the inflammatory response and repairing the damaged tissues (Sidney et al., 2014; AbuSamra et al., 2017). Thus, CD34 molecule and CD34+ cells play a role in regulating intestinal inflammation, but their specific mechanism remains unclear.
CD34 is currently widely studied in a variety of gastrointestinal diseases. It is highly expressed in gastrointestinal stromal tumor cells, and its combined detection with CD117 allows the distinction of gastrointestinal stromal tumors from smooth muscle tumors and schwannoma (Miettinen and Lasota, 2006a; Miettinen and Lasota, 2006b). In addition, gastrointestinal stromal tumors may originate from the Cajal CD34+ stromal cell subset (Robinson et al., 2000). CD34 is abnormally expressed in the tumor microenvironment of colorectal cancer patients; when the cytoskeleton class VI intermediate filament protein nestin and CD34 are both overexpressed, patients survival rate is significantly improved, suggesting that nestin and CD34+ expression in the interstitial cells in colorectal cancer possess a potential protective role, which may be related to the immune function of the body (Tampakis et al., 2021). All these pieces of evidence demonstrated that the pathogenesis of IBD and its related diseases are more or less associated with CD34.
4 CD34 AND IMMUNE CELLS
4.1 CD34 and granulocytes
Granulocytes are a class of leukocytes that contain special staining granules in their cytoplasm. Based on the staining granules, granulocytes are classified as neutrophils, eosinophils and basophils. Of these, neutrophils and eosinophils are most closely related to the occurrence and development of inflammatory bowel disease. Neutrophils and eosinophils are most closely related to the development of IBD (Siel et al., 2022). Neutrophils are components of the innate immune system and their recruitment and aggregation during IBD occur in the intestinal mucosa (Sadik et al., 2011; Chen et al., 2021). They have both positive and negative effects on IBD; on the one hand, they promote the repair of mucosal inflammatory injury by removing harmful pathogens (Sumagin et al., 2016). On the other hand, they are involved in the occurrence and aggravation of inflammation in the intestinal mucosal by participating in the excessive immune response (Wandall, 1985; de Bont et al., 2020). Neutrophil recruitment and infiltration in the intestinal mucosa of patients with IBD is the result of the combination of cytokines and chemokines presence (Chen et al., 2021). Notably, the literature suggests that CD34 recruits neutrophils to the sites of inflammation (Grassl et al., 2010; Lo et al., 2017). Indeed, the recruitment rate of neutrophils in CD34 knockout mice slowed down, resulting in prolonged recruitment time of neutrophils to inflammatory sites and aggravation of inflammation (Aulakh, 2020). Similar results are reported by Aulakh et al. in their study of endotoxin-induced inflammation (Aulakh et al., 2021b). These studies suggest that CD34 may also affect the inflammatory response by mediating the recruitment and infiltration of neutrophils in the inflammatory site during IBD.
Eosinophils are also involved in the pathogenesis of IBD; hence, they are worthy of attention (Carvalho et al., 2003). Eosinophils are a class of cells that are differentiated from CD34+ bone marrow progenitor cells (Uchida et al., 2022), and have a role in the immune response. During IBD, eosinophils mainly accumulate in the intestinal mucosa of mice. Eosinophils, like neutrophils, exert two opposite effects. On the one hand, they protect the colon during acute colitis in mice by producing anti-inflammatory substances (Masterson et al., 2015). On the other hand, eosinophils accumulate in the intestinal mucosa, and the synthesis and release of inflammatory mediators by themselves cause intestinal tissue damage (Wędrychowicz et al., 2014; Mehta and Furuta, 2015). Eosinophils express CD34 in colon inflammation (Maltby et al., 2010) due to the extracellular CD34 domain richness in serine, threonine, and proline residues, and CD34 domain can be widely subjected to O-glycosylation and sialylation (Nielsen and McNagny, 2008), meaning that it participates in the intestinal inflammation through this special molecular structure. CD34 enhances the migration ability of eosinophils, since those lacking CD34 have impaired migration, and the symptoms of ulcerative colitis are consequently alleviated (Suzuki et al., 1996; Blanchet et al., 2007). This suggests that CD34 influences the effect of eosinophils on the pathogenesis of IBD, although the specific molecular mechanism remains unclear.
4.2 CD34 and mast cells
Mast cells are multifunctional immune cells working in both innate and adaptive immunity and developed from CD34+ bone marrow progenitor cells (Weinstock et al., 2021). Mast cell number in the intestine of inflamed IDB mice is significantly increased compared to their number in control mice (Kurashima et al., 2012). Tryptase secreted by mast cells during IBD causes intestinal fibrosis and aggravates the degree of IBD (Liu et al., 2021a); inflammatory mediators released by mast cells also affect important physiological functions such as intestinal permeability, motility, secretion, and mucosal immune response (Hamilton et al., 2014). According to Dr. Boeckxstaens’s research, mast cells accumulate on the surface of the intestinal mucosa and mediate inflammatory responses through ATP and P2X7 purinergic receptors. During this process, they can promote the infiltration of neutrophils at the site of inflammation, further exacerbating the inflammatory response (Boeckxstaens, 2015). Activated mast cells are blocked when IBD mice are treated with the immunoglobulin light chain antagonist F991, and the inflammatory symptoms are improved (Beunk et al., 2013). The above evidence suggests that mast cells are involved in the occurrence and development of IBD and the pathological changes of the inflammatory sites. Mast cells exert different effects during IBD related to their migration, adhesion, or mediation of other immune cells to the site of inflammation (Hiromatsu and Toda, 2003; Méndez-Enríquez and Hallgren, 2019). As we mentioned above, CD34 is involved in cell adhesion, inflammatory cell migration, and chemotaxis (Nielsen and McNagny, 2008; Grassl et al., 2010); this glycoprotein is mentioned many times in studies on the migration and adhesion of mast cells in the site of inflammation (Drew et al., 2002; Nielsen and McNagny, 2009), and CD34 expression in the intestinal mucosal mast cells is significantly higher than that in other sources of mast cells. These results suggest that CD34 in IBD affects the migration and adhesion of mast cells, thereby promoting their infiltration in the inflammatory site and the regulation of the immune response.
CD34 was originally studied as a marker, and the initial reports indeed revealed the link between CD34 and mast cells as a marker of the mast cell surface (Drew et al., 2002). However, further studies discovered that CD34 promotes mast cell migration and blocks mast cell adhesion in IBD (Nielsen and McNagny, 2009). The migration of mast cells is inhibited when CD34 not expressed, suggesting that CD34 promotes the migration of mast cells to the inflammatory sites (Drew et al., 2002; Nielsen and McNagny, 2009). In addition, CD34 prevents the aggregation between mast cells, as revealed by a study of mast cell adhesion. The adhesion ability between mast cells is enhanced and the aggregation is increased when CD34 not expressed, (Drew et al., 2005), which also explains the phenomenon explained above on the inhibition of mast cell migration. The homology aggregation of CD34-deficient mast cells is more significant when the gene encoding sialic acid is knocked out (Drew et al., 2005), suggesting that CD34 plays a role in blocking mast cell adhesion and aggregation. The function depends on the sialylation of its extracellular domain, which further links its cell function to its molecular structure. In addition, studies have found that interstitial cell of Cajal (ICC), which regulate the function of intestinal smooth muscle, are associated with more than a dozen gastrointestinal diseases, and ICC in rat intestinal tissue show CD34 immunoreactivity. Furthermore, ICC interacts with mast cells (Yu et al., 2012; Tampakis et al., 2021) in patients with Crohn’s disease; all subtypes of ICC have intermembrane contact with mast cells, while ICC has little contact with other types of immune cell membranes. The interaction between ICC and mast cells causes structural damage (Wang et al., 2007). However, at present, the molecular mechanism of the connection between mast cells and ICC or CD34+ ICC is still under study.
5 CD34 AND ADHESION MOLECULES
The previous immune cell focuses on the relationship between CD34 and various immune cells and its potential impact on the IBD process. However, in addition to the above relationship, IBD is also characterized by the interaction between various biomolecules, and among them, the most important are the adhesion molecules. Indeed, the involvement of various cells in the inflammatory response is essentially the result of the signal transduction regulated by various biomolecules through various pathways. Therefore, the role and relationship between several adhesion molecules involved in the inflammatory response and CD34 is discussed to explain the molecular mechanism used by CD34 to mediate the migration of immune cells to the inflammatory sites in IBD.
5.1 CD34 and selectin
Selectins are a class of heterophilic, Ca2+-dependent biomolecules with a highly conserved lectin domain in their extracellular region. They specifically recognize glycosyl ligands at the end of oligosaccharide chains on other cell surfaces to exert their function. They belong to the family of adhesion molecules mainly involved in the recognition and adhesion between leukocytes and vascular endothelial cells (Zak et al., 2000). The selectin subfamily includes three members: platelet (P)-selectin, endothelial (E)-selectin, and leukocyte (L)-selectin with an N-terminal lectin-like domain, epidermal growth factor-like domain, variable number of common repeats, a single transmembrane domain and a short cytoplasmic tail (Ley, 2003; Rosen, 2004). White blood cells recognize and adhere to vascular endothelial cells, migrating to the inflammatory site. The molecular basis of this mechanism is the expression of adhesion molecule regulated by cytokines during inflammation and the consequent interaction between leukocytes and adhesion molecules on the surface of vascular endothelial cells. The physiological functions of leukocytes such as their rolling and adhesion on endothelial cells are mediated by the binding of selectins on leukocytes to the corresponding glycosylated ligands on endothelial cells (Lawrence and Springer, 1991; Kaplanski et al., 1993). In other words, the interaction between the selectin molecule and its glycosylation ligand promotes the rolling, adhesion, and other functions of leukocytes on the vascular endothelium, consequently starting a series of reactions, ultimately causing the aggregation of leukocytes in the inflammatory response area. Although all the three selectins bind to their corresponding glycosylation ligands through the N-terminal lectin-like domain (Patel et al., 1995), they differ in the ligands they prefer. L-selectin, which is widely studied in the inflammatory response, mainly binds to glycoprotein ligands including CD34 (Lanza et al., 2001; Smith and Bertozzi, 2021). The extracellular domain of CD34 contains multiple O-linked glycans, making it highly specific for L-selectin (Rosen, 2004). During inflammation, L-selectin on the plasma membrane of the lymphocytes recognizes the specific carbohydrate chain of CD34 and mediates the rolling of immune cells on endothelial cells (Nielsen and McNagny, 2008). CD34 only acts as a ligand of L-selectin; the binding of L-selectin to CD34 occurs when it is glycosylated to sulfated carbohydrate 6-sulfanilic, while the binding of CD34 is β-sialic acid-specific and Ca2+ dependent. This binding mediates the rolling of immune cells (Baumhueter et al., 1994; Krause et al., 1996; Hernandez Mir et al., 2009), suggesting that CD34 molecules are post-translationally modified in a specific environment to initiate the reaction.
In recent years, the interaction between CD34 and L-selectin has been repeatedly reported in IBD studies. CD34, with its unique glycosylated structure as the ligand of L-selectin on lymphocytes, promotes the migration, adhesion, and aggregation of lymphocytes to the intestinal inflammatory sites during IBD (Maltby et al., 2010), participating in the initial stage of the inflammatory response, as shown in Figure 1. The level of soluble L-selectin increases with the aggravation of ulcerative colitis symptoms, while the level of L-selectin in Crohn’s disease is slightly higher but not significant than ulcerative colitis (Seidelin et al., 1998). Interestingly, the expression of CD34 in ulcerative colitis and Crohn’s disease is also correlated (Zurawski et al., 2007). The pieces of evidence suggest that the increase in CD34 expression during inflammatory diseases further leads to the increase in L-selectin level in the inflammatory site, that is, the inflammatory site affects the level of immune cells such as lymphocytes by regulating the content of CD34.
[image: Figure 1]FIGURE 1 | Molecular mechanism regulating the rolling and adhesion of immune cells on vascular endothelial cells. CD34-specific glycosylation on the surface of endothelial cells under the stimulation of inflammatory factors recognizes and binds to L-selectin on immune cells. Immune cells driven by the blood flow roll on vascular endothelial cells with the binding force of CD34 and L-selectin. When immune cells are in contact with endothelial cells, CD34 on the surface of the immune cells distributes integrin on their basal region through the negative charge carried by the extracellular region, further improving the contact with endothelial cells to exert the adhesion.
The extracellular domain of CD34 is an ubiquitin ligand after glycosylation modification, and it works as a ligand to bind the three selectins (Aulakh, 2020). CD34 has attracted more attention as a ligand for L-selectin due to the difference in affinity caused by different molecular structures. However, the interaction between CD34 and E-selectin and P-selectin during IBD has also been reported as of great significance in the development of this disease (AbuSamra et al., 2017). Similar to the bind of L-selectin with CD34, the CD34 molecule interacts with E-selectin and P-selectin by the corresponding selectin site on the surface of lymphocytes through the side chain structure, allowing the migration and aggregation of lymphocytes to the inflammatory site and initiating the inflammatory response (Epstein et al., 2006). Overall, the interaction between CD34 and selectins is of great significance in the occurrence and development of IBD, revealing its role in inflammatory diseases. However, the identification of specific ligands/receptors between CD34 and selectins should be investigated more deeply, and since the binding kinetics, affinity, and biological pathways involved in the process of IBD need to be further explored.
5.2 CD34 and integrins
Integrins are heterophilic cell adhesion molecules that are ubiquitous on the surface of vertebrate cells and their regulation depends on Ca2+ or Mg2+. Integrins are composed of two different subunits, α (120–185 kD) and β (90–110 kD) joined by non-covalent binding. To date, 18 α subunits and 9 β subunits have been found have been identified, which are able to generate 20 different integrins. Different subunits correspond to different functions of integrins (Dedhar, 1999; Takada et al., 2007). Specific ligands mediate the recognition and adhesion among cells and between cells and extracellular matrix by the binding to the integrin subunits (Campbell and Humphries, 2011). According to the specificity of the integrin recognition ligand or the composition of its subunits, integrins are divided into different subtypes with different functions (Takada et al., 2007; Barczyk et al., 2010). Integrins are important targets in the treatment of IBD. For example, the inhibition of α4β7 integrin by the lymphocyte α4β7 inhibitors blocks leukocyte transport during inflammation and improves IBD symptoms (Misselwitz et al., 2020); the treatment of Crohn’s disease with monoclonal antibodies (efalizumab and natalizumab) prepared with the αL and α4 subunits of the integrin as antigens resulted in a significant improvement of the symptoms (James et al., 2011); In addition, novel antibodies and small molecule drugs targeting β7 integrins (α4β7 and αEβ7) are under development and have potential for clinical treatment of inflammatory bowel disease (Ley et al., 2016). However, the specific molecular mechanism regulating the involvement of integrin in the development of IBD remains to be further clarified.
CD34 belongs to salivary mucin. The fine structure of the glycosylation moiety contained in its N-terminal region determines its interaction with various ligands, and extracellular mucin domain of CD34 has a highly conserved O-glycan chain. The structure of CD34 composed of a large number of hydroxyl and carboxyl groups makes the molecule hydrophilic with a large number of negative charges (Lanza et al., 2001). When non-adherent and non-polar cells cultured in suspension express both CD34 and integrin, the negatively charged CD34 is rapidly distributed in the apical domain once the cells establish the contact with the basement or basement membrane, and the integrin is moved to the lateral region of the basement to further enhance the adhesion. Indeed, during this process, CD34 is not functioning as an adhesion molecule but plays a role in moving integrins from the apical region of the cell to the basal lateral region, promoting their distribution and aggregation in the new location and exerting adhesion function in the basal lateral region (Ohnishi et al., 2013; Hughes et al., 2020). This mechanistic behavior shown in Figure 1 reasonably explains the ability of adhesion molecules to enhance cell-matrix binding and the involvement of CD34 in the cell adhesion mediated by integrins (Ohnishi et al., 2013). In recent years, many studies reported the function of CD34 as a promoter of the adhesion function of integrins in the basal region of intestinal cells and develop IDB. For example, α4β7 integrins present in most intestinal mucosal lymphocytes regulate the aggregation of lymphocytes in the intestine (Lobatón et al., 2014; Ley et al., 2016), and β2 subunit-based integrins are mainly present on the surface of various leukocytes, promoting immune cells into the intestinal mucosa (Foroutan et al., 2019). In these inflammatory processes, CD34 promotes the adhesion of basal integrins to the extracellular matrix by moving them from the apical region of cells (Hughes et al., 2020). The specific effect of CD34 on integrin may be due to the large amount of negative charge present in its extracellular structure, although no direct evidence is available on this aspect. In addition, although many types and subtypes of integrins exist, no systematic reports are available on the interaction between CD34 and various integrin subtypes and their potential application in IBD treatment.
5.3 CD34 and other adhesion molecules
Adhesion molecules are molecules of different types that mediate the contact and binding among cells or between cells and the extracellular matrix. In addition to selectins and integrins discussed above, there are the immunoglobulin superfamily, cadherin family, mucin-like vascular addressin family, and some unclassified adhesion molecules (Meirelles Lda and Nardi, 2009). Adhesion molecules are inflammatory mediator that are involved not only in the inflammatory response, but also in cell adhesion, innate immune response, and acquired immune response (Reglero-Real et al., 2016). According to the above evidence, the adhesion molecules of the selectin and integrin families are involved in IBD, but other adhesion molecules of other families are also worthy of attention because of their potential involvement in IBD. Indeed, vascular cell adhesion molecule-1 (VCAM-1), a member of the immunoglobulin superfamily (IgSF) localized on endothelial cells at the site of inflammation, participates in the inflammatory response after binding to integrin α4β1 on the surface of lymphocytes (Takada et al., 2007). In addition, the IgSF member triggering receptor expressed on myeloid cell-2 (TREM-2) enhances the inflammatory response and increases the pathological damage on the inflammatory site during intestinal inflammation. The examination of the inflammatory site in IBD patients revealed that the expression of TREM-2 in the diseased intestinal mucosa is significantly increased. The susceptibility to colitis is reduced When the TREM-2 gene is deleted and the symptoms are less intense under the same conditions (Correale et al., 2013; Genua et al., 2014). Not only the immunoglobulin superfamily is associated with the occurrence of inflammation in ulcerative colitis, but also the cadherin family and the calmodulin-binding protein. For example, the high expression of protocadherin during the regeneration of the intestinal epithelial cells allows the orderly growth of cells and the repair of the inflammatory damage in the tissues (Fogt et al., 2008). In addition, vascular addressin located on the surface of the intestinal vascular endothelial cells is another IBD-associated adhesion molecule that participates in the intestinal inflammatory immune responses by mediating lymphocyte homing (Butcher and Picker, 1996).
Inflammation is the result of the release and action of a variety of inflammatory factors. As an important part of its occurrence, adhesion molecules play a major role in mediating the adhesion of immune cells, as well as the migration to and the aggregation at the inflammatory sites (Zhong et al., 2018). CD34, also a member of the adhesion molecule family, has unique functions in addition to the interaction with other adhesion molecules during inflammatory diseases including IBD. For example, clinical studies revealed that CD34 and its family member vascular endothelial cadherin are used as markers for the immunofluorescence detection of inflammation (Xu et al., 2022). A further study showed that the expression of CD34 and CD146 in the intestinal mucosal endothelial cells of IBD patients is higher than that in the control group (Tsiolakidou et al., 2008). The expression of CD34 and platelet-derived growth factor receptor α (PDGFRα) in patients with Crohn’s disease is significantly increased in intestinal TCs that function to maintain the intestinal homeostasis (Milia et al., 2013). In addition, endothelial cells in the intestinal mucosa and gut-associated lymphoid tissue selectively expressing mucosal addressin cell adhesion molecule-1 also have CD34+ (Arihiro et al., 2002). These loads of evidence suggest the involvement of CD34 in the intestinal inflammation, as well as its role as a ligand for other adhesion factors. However, the specific mechanism regulating the connection with other adhesion molecules needs to be further investigated.
6 CD34+ CELLS AND INTESTINAL HOMEOSTASIS
IBD is characterized by an impaired intestinal homeostasis, often leading to a decreased function of the intestinal immune barrier and an abnormal immune response (M'Koma, 2022; Ramos and Papadakis, 2019). The decrease in the above function and abnormal response is mostly caused by the decrease in the diversity of the intestinal microbiota and the increase pathogenic bacteria in the site of inflammation (Aldars-García et al., 2021), which is manifested by the direct or indirect contact and function of intestinal microbiota with immune cells. The balance of the intestinal homeostasis ensures the stability of the intestinal microbiota microenvironment. The surface of mast cells has a variety of intestinal microbiota receptors (De Zuani et al., 2018). Intestinal microbiota regulates their functions during the inflammatory response in IBD by contacting mast cells (Shimbori et al., 2022). Intestinal microbiota also regulates some functions of the eosinophils in the intestine, which are activated by IL-33 released by the intestinal microbiota, which in turn regulates the size of the intestinal villi and the integrity of the epithelial barrier (Ignacio et al., 2022). In addition, short-chain fatty acids secreted by the intestinal microbiota inhibit the production of inflammatory cytokines by neutrophils and improve mucosal inflammation in IBD mice (Li et al., 2021). Notably, the reduction of intestinal microbiota producing short-chain fatty acids is accompanied by a significant increase in the number of pro-inflammatory immune cells (Gonçalves et al., 2018). The stability of the intestinal microbiota microenvironment is essential for the maintenance of intestinal homeostasis and the development and outcome of intestinal inflammation.
Interstitial cells regulate intestinal function and are also closely related to the maintenance of the intestinal homeostasis. CD34 is used as a marker of ICC and TCs to evaluate their role in intestinal inflammation (Ricci et al., 2018; Wang et al., 2021); CD34+ TCs in the intestine during IBD significantly increase and are involved in eosinophil infiltration (Ricci et al., 2018); CD34+ ICC are decreased in ulcerative colitis, and ICC decrease is related to the increase of pathogenic bacteria in the small intestine during inflammation (Chen et al., 2017; Li et al., 2019). Correspondingly, the intestinal function is promoted by beneficial bacteria including Clostridium butyricum, which in turn promote the expression of cytokines in ICC (Sui et al., 2018). It is worth noting that a population of stromal cells, termed MRISC (also characterized by CD90+CD81+CD34+CD138−) is present in the healthy intestine and is a key component of the gut stem cell niche, facilitating the repair of intestinal damage (Wu et al., 2021). CD34+ stromal cells present in the intestine are plastic, since they behave as intestinal stem cells that differentiate into intestinal functional cells to maintain intestinal homeostasis (Melissari et al., 2021). Moreover, CD34+Gp38+ stromal cells in the intestinal submucosa constitute a microenvironment different from that of the intestinal microbiota. CD34+ cancer stem cells in the intestinal crypt release chemokines and recruit immune cells to the inflammatory site when the intestinal homeostasis is destroyed (Stzepourginski et al., 2017), promoting immune cells to restore the damaged intestinal homeostasis and improve the inflammatory symptoms. The regulation and the maintenance of the intestinal homeostasis provide new solutions for the treatment of IBD, and CD34+ cells can be used as a key target.
7 DISCUSSION
Most of the current reports on CD34 focus on its role as a cell marker and disease predictor due to its advantages in molecular biology especially its stable molecular structure. Nevertheless, the role of CD34 in cell transport, colonization, signal transduction, intercellular adhesion, and inflammatory response has been gradually understood with the deepening of research and the progress of the detection methods. Despite that, the complete mechanism behind these functions still lacks systematic research. The molecular structure of CD34 suggests its potential role in the inflammatory response, since the sialylation site of the extracellular region of CD34 can work as a ligand for a variety of selectins, binding that initiates the inflammatory response (Krause et al., 1996). In addition, CrkL-SH3C recognizes the cytoplasmic localization of CD34 and induces cell aggregation. This is consistent with the role of CD34 in the promotion of the migration and aggregation of immune cells (Blanchet et al., 2007; Nielsen and McNagny, 2009; Aulakh, 2020). The above studies suggest that CD34 interacts with other molecules through its specific binding sites to activate cells or regulate their functions, suggesting the role of CD34 as a ligand participating in the inflammatory response.
IBD consists of a group of autoimmune diseases due to chronic intestinal inflammation. The immune response plays an important role in the course of IBD. The prevailing view is that IBD is caused by the dysbiosis of the intestinal microbiota in the gut, which leads to the impairment of the intestinal barrier function and induces abnormal immune responses in the intestinal site (Ramos and Papadakis, 2019; M'Koma, 2022). The dysbiosis caused by the increased proportion of intestinal pathogenic bacteria leads to the production of toxic factors and other metabolites by the pathogenic bacteria, which stimulate the intestine to release a large amount of inflammatory cytokines and chemokines (Stzepourginski et al., 2017) and induce abnormal immune responses in the body (Hills et al., 2019). The intestinal mucosal tissue is damaged under the action of a series of abnormal immune responses and develops inflammatory lesions. The abnormal expression or localization change of CD34 at the site of inflammation caught our attention. Studies have shown that immune cells such as neutrophils, eosinophils, and mast cells can migrate to the site of inflammation under the mediation of CD34 and participate in the inflammatory response process. However, the specific mechanism of CD34 in these processes is still lacking authoritative conclusions. In addition, the involvement of adhesion molecules such as selectins and integrins in the process of immune cell aggregation and adhesion cannot be separated from the participation of CD34. The current report on this process is that the extracellular domain of CD34 can be glycosylated and act as a ligand for three types of selectins, mediating the transmigration and aggregation of immune cells across vascular endothelial cells to the site of inflammation and participating in inflammatory responses. However, studies on the binding kinetics and mechanism of interaction between CD34 and selectins have not been reported. As for the functional influence of CD34 on integrins, CD34 can participate in the process of cell adhesion and cell surface structure formation mediated by individual integrins (Ohnishi et al., 2013; Hughes et al., 2020). The large amount of negative charge carried by CD34 enhances the adhesive ability of integrins and prevents non-specific adhesion (Lanza et al., 2001). However, many types of integrins exist, with different structures and functions, and the interaction between CD34 and the integrin family needs to be further studied. The mechanism regulating the interaction of CD34 with various adhesion molecules in IBD still needs further study, to further confirm the biological connection and significance. In recent years, the role of CD34+ stromal cells in the intestine has been continuously reported. Among them, the plastic cell subtypes contribute to the repair of damaged tissues in IBD inflammatory sites, but the specific mechanism remains unclear. Therefore, the investigation of the relationship between CD34 and IBD and the study of the synergistic mechanism between various immune cells/immune substances and CD34 at the inflammatory sites may help understand the pathogenesis of IBD and provide new solutions for its prevention and treatment. The resolution of these problems, both for the treatment of IBD and the control of morbidity, as well as the interpretation of CD34 function cannot be ignored.
8 CONCLUSION
When the intestinal microbiota is dysregulated, a series of abnormal immune responses occur in the intestinal tissue, causing damage to the intestinal tissue, in turn induces intestinal inflammation. Under the combined stimulation of inflammatory cytokines and chemokines, the vascular permeability at damaged and inflamed site in the intestine increases, and the expression of CD34 and various adhesion molecules (e.g., selectins, integrins, etc.) on the surface of endothelial cells and various immune cells increases. Through the interaction between CD34 and selectins and/or integrins, immune cells roll, adhere and extravasate through sites of high permeability and accumulate at the damaged and inflamed sites, thereby triggering new or exacerbated inflammatory responses. In conclusion, the most common mechanism of migration of these immune cells involved in the inflammatory response (mainly neutrophils, eosinophils, and mast cells) to the site of inflammation depends on the interaction between CD34 and various adhesion molecules (Figure 2).
[image: Figure 2]FIGURE 2 | CD34 is involved in the immune regulation during IBD. When the proportion of harmful bacteria in the intestine increases, many toxic factors and other metabolites are released by harmful bacteria, damaging the intestinal mucosa. Intestinal goblet cells and CD34+ cancer stem cells release inflammatory factors and chemokines that act on vascular endothelial cells, and induce the expression of adhesion factors such as CD34, selectin, and integrin in vascular endothelial cells, increasing the permeability of the vascular wall. Neutrophils are the first reaching the inflammatory site due to the expression of CD34, and then mast cells and eosinophils further roll due to CD34 expressed by vascular endothelial cells and adhere to the inflammatory site by crossing the vascular wall, participating in the inflammatory response.
AUTHOR CONTRIBUTIONS
FH, YJ, and LX provided ideas and suggestions and revised the manuscript. ZL, SH, and SD wrote the first version of the manuscript and made a model diagram. YuS, BZ, YiS, and QQ modified the manuscript. All authors contributed to the article and approved the version submitted.
FUNDING
This research was supported by Natural Science Foundation of Anhui Province (1708085QH206), National Natural Science Foundation of China (81671586 and 81270091), Research Start-up Fund Project of Jiaxing University for Introducing Talents (No. CD70519066), and the Municipal Public Welfare Research Project (2022AY10001) from Jiaxing, Zhejiang, China.
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
 Abusamra, D. B., Aleisa, F. A., Al-Amoodi, A. S., Jalal Ahmed, H. M., Chin, C. J., Abuelela, A. F., et al. (2017). Not just a marker: CD34 on human hematopoietic stem/progenitor cells dominates vascular selectin binding along with CD44. Blood Adv. 1, 2799–2816. doi:10.1182/bloodadvances.2017004317
 Aldars-GarcíA, L., Chaparro, M., and Gisbert, J. P. (2021). Systematic review: The gut microbiome and its potential clinical application in inflammatory bowel disease. Microorganisms 9, 977. doi:10.3390/microorganisms9050977
 Arafat, E. A., Marzouk, R. E., Mostafa, S. A., and Hamed, W. H. E. (2021). Identification of the molecular basis of nanocurcumin-induced telocyte preservation within the colon of ulcerative colitis rat model. Mediators Inflamm, 7534601. 
 Arihiro, S., Ohtani, H., Suzuki, M., Murata, M., Ejima, C., Oki, M., et al. (2002). Differential expression of mucosal addressin cell adhesion molecule-1 (MAdCAM-1) in ulcerative colitis and Crohn's disease. Pathol. Int. 52, 367–374. doi:10.1046/j.1440-1827.2002.01365.x
 Aulakh, G. K. (2020). Lack of CD34 produces defects in platelets, microparticles, and lung inflammation. Cell Tissue Res. 382, 405–419. doi:10.1007/s00441-020-03243-4
 Aulakh, G. K., Maltare, S., Khanh, L. N. P., and Singh, B. (2021a). CD34 protein is expressed in murine, canine, and porcine lungs. Can. J. Vet. Res. 85, 161–169.
 Aulakh, G. K., Maltare, S., and Singh, B. (2021b). Lack of CD34 delays bacterial endotoxin-induced lung inflammation. Respir. Res. 22, 69. doi:10.1186/s12931-021-01667-2
 Barczyk, M., Carracedo, S., and Gullberg, D. (2010). Integrins. Cell Tissue Res. 339, 269–280. doi:10.1007/s00441-009-0834-6
 Baumhueter, S., Dybdal, N., Kyle, C., and Lasky, L. A. (1994). Global vascular expression of murine CD34, a sialomucin-like endothelial ligand for L-selectin. Blood 84, 2554–2565. doi:10.1182/blood.v84.8.2554.bloodjournal8482554
 Beunk, L., Verwoerd, A., Van Overveld, F. J., and Rijkers, G. T. (2013). Role of mast cells in mucosal diseases: Current concepts and strategies for treatment. Expert Rev. Clin. Immunol. 9, 53–63. doi:10.1586/eci.12.82
 Blanchet, M. R., Maltby, S., Haddon, D. J., Merkens, H., Zbytnuik, L., and Mcnagny, K. M. (2007). CD34 facilitates the development of allergic asthma. Blood 110, 2005–2012. doi:10.1182/blood-2006-12-062448
 Boeckxstaens, G. (2015). Mast cells and inflammatory bowel disease. Curr. Opin. Pharmacol. 25, 45–49. doi:10.1016/j.coph.2015.11.005
 Butcher, E. C., and Picker, L. J. (1996). Lymphocyte homing and homeostasis. Science 272, 60–66. doi:10.1126/science.272.5258.60
 Campbell, I. D., and Humphries, M. J. (2011). Integrin structure, activation, and interactions. Cold Spring Harb. Perspect. Biol. 3, a004994. doi:10.1101/cshperspect.a004994
 Carvalho, A. T., Elia, C. C., De Souza, H. S., Elias, P. R., Pontes, E. L., Lukashok, H. P., et al. (2003). Immunohistochemical study of intestinal eosinophils in inflammatory bowel disease. J. Clin. Gastroenterol. 36, 120–125. doi:10.1097/00004836-200302000-00006
 Castellani, M. L., Conti, P., Felaco, M., Vecchiet, J., Ciampoli, C., Cerulli, G., et al. (2009). Substance P upregulates LTB4 in rat adherent macrophages from granuloma induced by KMnO4. Neurotox. Res. 15, 49–56. doi:10.1007/s12640-009-9004-6
 Chen, B., Zhu, S., Du, L., He, H., Kim, J. J., and Dai, N. (2017). Reduced interstitial cells of Cajal and increased intraepithelial lymphocytes are associated with development of small intestinal bacterial overgrowth in post-infectious IBS mouse model. Scand. J. Gastroenterol. 52, 1065–1071. doi:10.1080/00365521.2017.1342141
 Chen, H., Wu, X., Xu, C., Lin, J., and Liu, Z. (2021). Dichotomous roles of neutrophils in modulating pathogenic and repair processes of inflammatory bowel diseases. Precis. Clin. Med. 4, 246–257. doi:10.1093/pcmedi/pbab025
 Conrad, K., Roggenbuck, D., and Laass, M. W. (2014). Diagnosis and classification of ulcerative colitis. Autoimmun. Rev. 13, 463–466. doi:10.1016/j.autrev.2014.01.028
 Correale, C., Genua, M., Vetrano, S., Mazzini, E., Martinoli, C., Spinelli, A., et al. (2013). Bacterial sensor triggering receptor expressed on myeloid cells-2 regulates the mucosal inflammatory response. Gastroenterology 144, 346–356.e3. doi:10.1053/j.gastro.2012.10.040
 Cuzzocrea, S., Rossi, A., Mazzon, E., Di Paola, R., Genovese, T., Muià, C., et al. (2005). 5-Lipoxygenase modulates colitis through the regulation of adhesion molecule expression and neutrophil migration. Lab. Invest. 85, 808–822. doi:10.1038/labinvest.3700276
 De Bont, C. M., Eerden, N., Boelens, W. C., and Pruijn, G. J. M. (2020). Neutrophil proteases degrade autoepitopes of NET-associated proteins. Clin. Exp. Immunol. 199, 1–8. doi:10.1111/cei.13392
 De Zuani, M., Dal Secco, C., and Frossi, B. (2018). Mast cells at the crossroads of microbiota and IBD. Eur. J. Immunol. 48, 1929–1937. doi:10.1002/eji.201847504
 Dedhar, S. (1999). Integrins and signal transduction. Curr. Opin. Hematol. 6, 37–43. doi:10.1097/00062752-199901000-00007
 Drew, E., Merkens, H., Chelliah, S., Doyonnas, R., and Mcnagny, K. M. (2002). CD34 is a specific marker of mature murine mast cells. Exp. Hematol. 30, 1211–1218. doi:10.1016/s0301-472x(02)00890-1
 Drew, E., Merzaban, J. S., Seo, W., Ziltener, H. J., and Mcnagny, K. M. (2005). CD34 and CD43 inhibit mast cell adhesion and are required for optimal mast cell reconstitution. Immunity 22, 43–57. doi:10.1016/j.immuni.2004.11.014
 Epstein, J. C., Wilson, M. S., Wilkosz, S., Ireland, G., O'Dwyer, S. T., and Herrick, S. E. (2006). Human peritoneal adhesions show evidence of tissue remodeling and markers of angiogenesis. Dis. Colon Rectum 49, 1885–1892. doi:10.1007/s10350-006-0747-3
 Fogt, F., Jian, B., Krieg, R. C., and Wellmann, A. (2008). Proteomic analysis of mucosal preparations from patients with ulcerative colitis. Mol. Med. Rep. 1, 51–54.
 Foroutan, P., Boshagh, M. A., Moloudi, M. R., Fakhari, S., Nikkhoo, B., and Jalili, A. (2019). Expression of CXC chemokine receptors in acute ulcerative colitis: Initial study from an animal model. Adv. Biomed. Res. 8, 56. doi:10.4103/abr.abr_55_19
 Genua, M., Rutella, S., Correale, C., and Danese, S. (2014). The triggering receptor expressed on myeloid cells (TREM) in inflammatory bowel disease pathogenesis. J. Transl. Med. 12, 293. doi:10.1186/s12967-014-0293-z
 GonçALVES, P., AraúJO, J. R., and Di Santo, J. P. (2018). A cross-talk between microbiota-derived short-chain fatty acids and the host mucosal immune system regulates intestinal homeostasis and inflammatory bowel disease. Inflamm. Bowel Dis. 24, 558–572. doi:10.1093/ibd/izx029
 Grassl, G. A., Faustmann, M., Gill, N., Zbytnuik, L., Merkens, H., So, L., et al. (2010). CD34 mediates intestinal inflammation in Salmonella-infected mice. Cell Microbiol. 12, 1562–1575. doi:10.1111/j.1462-5822.2010.01488.x
 Hamed, A. M. R., Abdel-Shafi, I. R., Elsayed, M. D. A., Mahfoz, A. M., Tawfeek, S. E., and Abdeltawab, M. S. A. (2022). Investigation of the effect of curcumin on oxidative stress, local inflammatory response, COX-2 expression, and microvessel density in Trichinella spiralis induced enteritis, myositis and myocarditis in mice. Helminthologia 59, 18–36. doi:10.2478/helm-2022-0002
 Hamilton, M. J., Frei, S. M., and Stevens, R. L. (2014). The multifaceted mast cell in inflammatory bowel disease. Inflamm. Bowel Dis. 20, 2364–2378. doi:10.1097/MIB.0000000000000142
 Hernandez Mir, G., Helin, J., Skarp, K. P., Cummings, R. D., MäKITIE, A., Renkonen, R., et al. (2009). Glycoforms of human endothelial CD34 that bind L-selectin carry sulfated sialyl Lewis x capped O- and N-glycans. Blood 114, 733–741. doi:10.1182/blood-2009-03-210237
 Hills, R. D., Pontefract, B. A., Mishcon, H. R., Black, C. A., Sutton, S. C., and Theberge, C. R. (2019). Gut microbiome: Profound implications for diet and disease. Nutrients 11, 1613. doi:10.3390/nu11071613
 Hiromatsu, Y., and Toda, S. (2003). Mast cells and angiogenesis. Microsc. Res. Tech. 60, 64–69. doi:10.1002/jemt.10244
 Huang, S., Li, Z., Sun, Y., Chen, B., Jiang, Y., and Hong, F. (2022). Increased CD34 in pancreatic islet negatively predict islet β-cell decrease in type1 diabetes model. Front. Physiol. 13, 1032774. doi:10.3389/fphys.2022.1032774
 Hughes, M. R., Canals Hernaez, D., Cait, J., Refaeli, I., Lo, B. C., Roskelley, C. D., et al. (2020). A sticky wicket: Defining molecular functions for CD34 in hematopoietic cells. Exp. Hematol. 86, 1–14. doi:10.1016/j.exphem.2020.05.004
 Ignacio, A., Shah, K., Bernier-Latmani, J., KöLLER, Y., Coakley, G., Moyat, M., et al. (2022). Small intestinal resident eosinophils maintain gut homeostasis following microbial colonization. Immunity 55, 1250–1267. doi:10.1016/j.immuni.2022.05.014
 Jain, M., and Venkataraman, J. (2021). Inflammatory bowel disease: An Indian perspective. Indian J. Med. Res. 153, 421–430. doi:10.4103/ijmr.IJMR_936_18
 James, D. G., Seo, D. H., Chen, J., Vemulapalli, C., and Stone, C. D. (2011). Efalizumab, a human monoclonal anti-CD11a antibody, in the treatment of moderate to severe Crohn's disease: An open-label pilot study. Dig. Dis. Sci. 56, 1806–1810. doi:10.1007/s10620-010-1525-6
 Kaplanski, G., Farnarier, C., Tissot, O., Pierres, A., Benoliel, A. M., Alessi, M. C., et al. (1993). Granulocyte-endothelium initial adhesion. Analysis of transient binding events mediated by E-selectin in a laminar shear flow. Biophys. J. 64, 1922–1933. doi:10.1016/S0006-3495(93)81563-7
 Kitajima, S., Takuma, S., and Morimoto, M. (1999). Changes in colonic mucosal permeability in mouse colitis induced with dextran sulfate sodium. Exp. Anim. 48, 137–143. doi:10.1538/expanim.48.137
 Krause, D. S., Fackler, M. J., Civin, C. I., and May, W. S. (1996). CD34: Structure, biology, and clinical utility [see comments]. Blood 87, 1–13. doi:10.1182/blood.v87.1.1.bloodjournal8711
 Kurashima, Y., Amiya, T., Nochi, T., Fujisawa, K., Haraguchi, T., Iba, H., et al. (2012). Extracellular ATP mediates mast cell-dependent intestinal inflammation through P2X7 purinoceptors. Nat. Commun. 3, 1034. doi:10.1038/ncomms2023
 Lanza, F., Healy, L., and Sutherland, D. R. (2001). Structural and functional features of the CD34 antigen: An update. J. Biol. Regul. Homeost. Agents 15, 1–13.
 Lawrence, M. B., and Springer, T. A. (1991). Leukocytes roll on a selectin at physiologic flow rates: Distinction from and prerequisite for adhesion through integrins. Cell 65, 859–873. doi:10.1016/0092-8674(91)90393-d
 Ley, K., Rivera-Nieves, J., Sandborn, W. J., and Shattil, S. (2016). Integrin-based therapeutics: Biological basis, clinical use and new drugs. Nat. Rev. Drug Discov. 15, 173–183. doi:10.1038/nrd.2015.10
 Ley, K. (2003). The role of selectins in inflammation and disease. Trends Mol. Med. 9, 263–268. doi:10.1016/s1471-4914(03)00071-6
 Li, G., Lin, J., Zhang, C., Gao, H., Lu, H., Gao, X., et al. (2021). Microbiota metabolite butyrate constrains neutrophil functions and ameliorates mucosal inflammation in inflammatory bowel disease. Gut Microbes 13, 1968257. doi:10.1080/19490976.2021.1968257
 Li, J., Kong, P., Chen, C., Tang, J., Jin, X., Yan, J., et al. (2019). Targeting IL-17a improves the dysmotility of the small intestine and alleviates the injury of the interstitial cells of cajal during sepsis. Oxid Med Cell Longev, 1475729. 
 Liu, B., Yang, M. Q., Yu, T. Y., Yin, Y. Y., Liu, Y., Wang, X. D., et al. (2021a). Mast cell tryptase promotes inflammatory bowel disease-induced intestinal fibrosis. Inflamm. Bowel Dis. 27, 242–255. doi:10.1093/ibd/izaa125
 Liu, P., Gao, C., Chen, H., Vong, C. T., Wu, X., Tang, X., et al. (2021b). Receptor-mediated targeted drug delivery systems for treatment of inflammatory bowel disease: Opportunities and emerging strategies. Acta Pharm. Sin. B 11, 2798–2818. doi:10.1016/j.apsb.2020.11.003
 Lo, B. C., Gold, M. J., Scheer, S., Hughes, M. R., Cait, J., Debruin, E., et al. (2017). Loss of vascular CD34 results in increased sensitivity to lung injury. Am. J. Respir. Cell Mol. Biol. 57, 651–661. doi:10.1165/rcmb.2016-0386OC
 LobatóN, T., Vermeire, S., Van Assche, G., and Rutgeerts, P. (2014). Review article: Anti-adhesion therapies for inflammatory bowel disease. Aliment. Pharmacol. Ther. 39, 579–594. doi:10.1111/apt.12639
 M'Koma, A. E. (2022). Inflammatory bowel disease: Clinical diagnosis and surgical treatment-overview. Medicina (Kaunas), 58. 
 Maltby, S., Wohlfarth, C., Gold, M., Zbytnuik, L., Hughes, M. R., and Mcnagny, K. M. (2010). CD34 is required for infiltration of eosinophils into the colon and pathology associated with DSS-induced ulcerative colitis. Am. J. Pathol. 177, 1244–1254. doi:10.2353/ajpath.2010.100191
 Manetti, M., Rosa, I., Messerini, L., and Ibba-Manneschi, L. (2015). Telocytes are reduced during fibrotic remodelling of the colonic wall in ulcerative colitis. J. Cell Mol. Med. 19, 62–73. doi:10.1111/jcmm.12457
 Margraf, A., and Perretti, M. (2022). Immune cell plasticity in inflammation: Insights into description and regulation of immune cell phenotypes. Cells 11, 1824. doi:10.3390/cells11111824
 Masterson, J. C., Mcnamee, E. N., Fillon, S. A., Hosford, L., Harris, R., Fernando, S. D., et al. (2015). Eosinophil-mediated signalling attenuates inflammatory responses in experimental colitis. Gut 64, 1236–1247. doi:10.1136/gutjnl-2014-306998
 Mehta, P., and Furuta, G. T. (2015). Eosinophils in gastrointestinal disorders: Eosinophilic gastrointestinal diseases, celiac disease, inflammatory bowel diseases, and parasitic infections. Immunol. Allergy Clin. North Am. 35, 413–437. doi:10.1016/j.iac.2015.04.003
 Meirelles Lda, S., and Nardi, N. B. (2009). Methodology, biology and clinical applications of mesenchymal stem cells. Front. Biosci. (Landmark Ed. 14, 4281–4298. doi:10.2741/3528
 Melissari, M. T., Henriques, A., Tzaferis, C., Prados, A., Sarris, M. E., Chalkidi, N., et al. (2021). Col6a1(+)/CD201(+) mesenchymal cells regulate intestinal morphogenesis and homeostasis. Cell Mol. Life Sci. 79, 1. doi:10.1007/s00018-021-04071-7
 MéNDEZ-EnríQUEZ, E., and Hallgren, J. (2019). Mast cells and their progenitors in allergic asthma. Front. Immunol. 10, 821. doi:10.3389/fimmu.2019.00821
 Miettinen, M., and Lasota, J. (2006a). Gastrointestinal stromal tumors: Pathology and prognosis at different sites. Semin. Diagn Pathol. 23, 70–83. doi:10.1053/j.semdp.2006.09.001
 Miettinen, M., and Lasota, J. (2006b). Gastrointestinal stromal tumors: Review on morphology, molecular pathology, prognosis, and differential diagnosis. Arch. Pathol. Lab. Med. 130, 1466–1478. doi:10.5858/2006-130-1466-GSTROM
 Milia, A. F., Ruffo, M., Manetti, M., Rosa, I., Conte, D., Fazi, M., et al. (2013). Telocytes in Crohn's disease. J. Cell Mol. Med. 17, 1525–1536. doi:10.1111/jcmm.12177
 Misselwitz, B., Juillerat, P., Sulz, M. C., Siegmund, B., and Brand, S.Swiss IBDnet, an official working group of the Swiss Society of Gastroenterology (2020). Emerging treatment options in inflammatory bowel disease: Janus kinases, stem cells, and more. Digestion 101 (1), 69–82. doi:10.1159/000507782
 Nielsen, J. S., and Mcnagny, K. M. (2009). CD34 is a key regulator of hematopoietic stem cell trafficking to bone marrow and mast cell progenitor trafficking in the periphery. Microcirculation 16, 487–496. doi:10.1080/10739680902941737
 Nielsen, J. S., and Mcnagny, K. M. (2008). Novel functions of the CD34 family. J. Cell Sci. 121, 3683–3692. doi:10.1242/jcs.037507
 Nosti, P. A., Stahl, T. J., and Sokol, A. I. (2013). Surgical repair of rectovaginal fistulas in patients with Crohn's disease. Eur. J. Obstet. Gynecol. Reprod. Biol. 171, 166–170. doi:10.1016/j.ejogrb.2013.08.011
 Ohnishi, H., Sasaki, H., Nakamura, Y., Kato, S., Ando, K., Narimatsu, H., et al. (2013). Regulation of cell shape and adhesion by CD34. Cell Adh Migr. 7, 426–433. doi:10.4161/cam.25957
 Patel, K. D., Nollert, M. U., and Mcever, R. P. (1995). P-selectin must extend a sufficient length from the plasma membrane to mediate rolling of neutrophils. J. Cell Biol. 131, 1893–1902. doi:10.1083/jcb.131.6.1893
 Ramos, G. P., and Papadakis, K. A. (2019). Mechanisms of disease: Inflammatory bowel diseases. Mayo Clin. Proc. 94, 155–165. doi:10.1016/j.mayocp.2018.09.013
 Reglero-Real, N., Colom, B., Bodkin, J. V., and Nourshargh, S. (2016). Endothelial cell junctional adhesion molecules: Role and regulation of expression in inflammation. Arterioscler. Thromb. Vasc. Biol. 36, 2048–2057. doi:10.1161/ATVBAHA.116.307610
 Ricci, R., Giustiniani, M. C., Gessi, M., Lanza, P., Castri, F., Biondi, A., et al. (2018). Telocytes are the physiological counterpart of inflammatory fibroid polyps and PDGFRA-mutant GISTs. J. Cell Mol. Med. 22, 4856–4862. doi:10.1111/jcmm.13748
 Robinson, T. L., Sircar, K., Hewlett, B. R., Chorneyko, K., Riddell, R. H., and Huizinga, J. D. (2000). Gastrointestinal stromal tumors may originate from a subset of CD34-positive interstitial cells of Cajal. Am. J. Pathol. 156, 1157–1163. doi:10.1016/S0002-9440(10)64984-X
 Rosen, S. D. (2004). Ligands for L-selectin: Homing, inflammation, and beyond. Annu. Rev. Immunol. 22, 129–156. doi:10.1146/annurev.immunol.21.090501.080131
 Sadik, C. D., Kim, N. D., and Luster, A. D. (2011). Neutrophils cascading their way to inflammation. Trends Immunol. 32, 452–460. doi:10.1016/j.it.2011.06.008
 Seidelin, J. B., Vainer, B., Horn, T., and Nielsen, O. H. (1998). Circulating L-selectin levels and endothelial CD34 expression in inflammatory bowel disease. Am. J. Gastroenterol. 93, 1854–1859. doi:10.1111/j.1572-0241.1998.538_f.x
 Seyedian, S. S., Nokhostin, F., and Malamir, M. D. (2019). A review of the diagnosis, prevention, and treatment methods of inflammatory bowel disease. J. Med. Life 12, 113–122. doi:10.25122/jml-2018-0075
 Shimbori, C., De Palma, G., Baerg, L., Lu, J., Verdu, E. F., Reed, D. E., et al. (2022). Gut bacteria interact directly with colonic mast cells in a humanized mouse model of IBS. Gut Microbes 14, 2105095. doi:10.1080/19490976.2022.2105095
 Sidney, L. E., Branch, M. J., Dunphy, S. E., Dua, H. S., and Hopkinson, A. (2014). Concise review: Evidence for CD34 as a common marker for diverse progenitors. Stem Cells 32, 1380–1389. doi:10.1002/stem.1661
 Siel, D., BeltráN, C. J., MartíNEZ, E., Pino, M., Vargas, N., Salinas, A., et al. (2022). Elucidating the role of innate and adaptive immune responses in the pathogenesis of canine chronic inflammatory enteropathy-A search for potential biomarkers. Animals (Basel), 12. 
 Singh, V. P., Patil, C. S., and Kulkarni, S. K. (2004). Effect of 5-lipoxygenase inhibition on events associated with inflammatory bowel disease in rats. Indian J. Exp. Biol. 42, 667–673.
 Smith, B. A. H., and Bertozzi, C. R. (2021). The clinical impact of glycobiology: Targeting selectins, siglecs and mammalian glycans. Nat. Rev. Drug Discov. 20, 217–243. doi:10.1038/s41573-020-00093-1
 Stzepourginski, I., Nigro, G., Jacob, J. M., Dulauroy, S., Sansonetti, P. J., Eberl, G., et al. (2017). CD34+ mesenchymal cells are a major component of the intestinal stem cells niche at homeostasis and after injury. Proc. Natl. Acad. Sci. U. S. A. 114, E506–e513. doi:10.1073/pnas.1620059114
 Sui, S. J., Tian, Z. B., Wang, Q. C., Chen, R., Nie, J., Li, J. S., et al. (2018). Clostridium butyricum promotes intestinal motility by regulation of TLR2 in interstitial cells of Cajal. Eur. Rev. Med. Pharmacol. Sci. 22, 4730–4738. doi:10.26355/eurrev_201807_15533
 Sumagin, R., Brazil, J. C., Nava, P., Nishio, H., Alam, A., Luissint, A. C., et al. (2016). Neutrophil interactions with epithelial-expressed ICAM-1 enhances intestinal mucosal wound healing. Mucosal Immunol. 9, 1151–1162. doi:10.1038/mi.2015.135
 Suzuki, A., Andrew, D. P., Gonzalo, J. A., Fukumoto, M., Spellberg, J., Hashiyama, M., et al. (1996). CD34-deficient mice have reduced eosinophil accumulation after allergen exposure and show a novel crossreactive 90-kD protein. Blood 87, 3550–3562. doi:10.1182/blood.v87.9.3550.bloodjournal8793550
 Takada, Y., Ye, X., and Simon, S. (2007). The integrins. Genome Biol. 8, 215. doi:10.1186/gb-2007-8-5-215
 Tampakis, A., Weixler, B., Rast, S., Tampaki, E. C., Cremonesi, E., Kancherla, V., et al. (2021). Nestin and CD34 expression in colorectal cancer predicts improved overall survival. Acta Oncol. 60, 727–734. doi:10.1080/0284186X.2021.1891280
 Torres, M. I., and Rios, A. (2008). Current view of the immunopathogenesis in inflammatory bowel disease and its implications for therapy. World J. Gastroenterol. 14, 1972–1980. doi:10.3748/wjg.14.1972
 Tsiolakidou, G., Koutroubakis, I. E., Tzardi, M., and Kouroumalis, E. A. (2008). Increased expression of VEGF and CD146 in patients with inflammatory bowel disease. Dig. Liver Dis. 40, 673–679. doi:10.1016/j.dld.2008.02.010
 Uchida, A. M., Ro, G., Qiang, L., Peterson, K. A., Round, J., Dougan, M., et al. (2022). Human differentiated eosinophils release IL-13 in response to IL-33 stimulation. Front. Immunol. 13, 946643. doi:10.3389/fimmu.2022.946643
 Van Gennep, S., De, B. O. E. R., Gielen, M. E., Rietdijk, S. T., Gecse, K. B., Ponsioen, C. Y., et al. (2021). Impaired quality of working life in inflammatory bowel disease patients. Dig. Dis. Sci. 66, 2916–2924. doi:10.1007/s10620-020-06647-y
 Wandall, J. H. (1985). Function of exudative neutrophilic granulocytes in patients with Crohn's disease or ulcerative colitis. Scand. J. Gastroenterol. 20, 1151–1156. doi:10.3109/00365528509088887
 Wang, Q., Huang, Z. P., Zhu, Y., Fu, F., and Tian, L. (2021). Contribution of interstitial cells of cajal to gastrointestinal stromal tumor risk. Med. Sci. Monit. 27, e929575. doi:10.12659/MSM.929575
 Wang, X. Y., Zarate, N., Soderholm, J. D., Bourgeois, J. M., Liu, L. W., and Huizinga, J. D. (2007). Ultrastructural injury to interstitial cells of Cajal and communication with mast cells in Crohn's disease. Neurogastroenterol. Motil. 19, 349–364. doi:10.1111/j.1365-2982.2006.00894.x
 Wędrychowicz, A., Tomasik, P., Pieczarkowski, S., Kowalska-Duplaga, K., Grzenda-Adamek, Z., and Fyderek, K. (2014). Clinical value of serum eosinophilic cationic protein assessment in children with inflammatory bowel disease. Arch. Med. Sci. 10, 1142–1146. doi:10.5114/aoms.2013.34415
 Weinstock, L. B., Pace, L. A., Rezaie, A., Afrin, L. B., and Molderings, G. J. (2021). Mast cell activation syndrome: A primer for the gastroenterologist. Dig. Dis. Sci. 66, 965–982. doi:10.1007/s10620-020-06264-9
 Wu, N., Sun, H., Zhao, X., Zhang, Y., Tan, J., Qi, Y., et al. (2021). MAP3K2-regulated intestinal stromal cells define a distinct stem cell niche. Nature 592, 606–610. doi:10.1038/s41586-021-03283-y
 Xavier, R. J., and Podolsky, D. K. (2007). Unravelling the pathogenesis of inflammatory bowel disease. Nature 448, 427–434. doi:10.1038/nature06005
 Xu, J., Xu, D., Yu, Z., Fu, Z., Lv, Z., Meng, L., et al. (2022). Exosomal miR-150 partially attenuated acute lung injury by mediating microvascular endothelial cells and MAPK pathway. Biosci. Rep. 42. doi:10.1042/BSR20203363
 Yu, W., Zeidel, M. L., and Hill, W. G. (2012). Cellular expression profile for interstitial cells of cajal in bladder - a cell often misidentified as myocyte or myofibroblast. PLoS One 7, e48897. doi:10.1371/journal.pone.0048897
 Zak, I., Lewandowska, E., and Gnyp, W. (2000). Selectin glycoprotein ligands. Acta Biochim. Pol. 47, 393–412. doi:10.18388/abp.2000_4019
 Zhong, L., Simard, M. J., and Huot, J. (2018). Endothelial microRNAs regulating the NF-κB pathway and cell adhesion molecules during inflammation. Faseb J. 32, 4070–4084. doi:10.1096/fj.201701536R
 Zurawski, J., Woźniak, A., Salwa-Zurawska, W., Kaczmarek, E., and Majewski, P. (2007). Vascular changes in ulcerative colitis and Leśniowski-Crohn's disease. Pol. J. Pathol. 58, 13–21.
 Zurzu, M., Nicolescu, M. I., Mogoantă, L., Pantea, S., and Rusu, M. C. (2021). Telocytes and lymphatics of the human colon. Basel: Life, 11. 
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 © 2023 Li, Dong, Huang, Sun, Sun, Zhao, Qi, Xiong, Hong and Jiang. 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/xhtml/nav.xhtml
Contents

		Cover

		Role of CD34 in inflammatory bowel disease		1 Introduction

		2 Structure and localization of CD34

		3 CD34 and IBD

		4 CD34 and immune cells		4.1 CD34 and granulocytes

		4.2 CD34 and mast cells





		5 CD34 and adhesion molecules		5.1 CD34 and selectin

		5.2 CD34 and integrins

		5.3 CD34 and other adhesion molecules





		6 CD34+ cells and intestinal homeostasis

		7 Discussion

		8 Conclusion

		Author contributions

		Funding

		Publisher’s note

		References









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






OPS/images/fphys-14-1144980-g001.gif





OPS/images/fphys-14-1144980-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





