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			Abstract | Chronic inflammatory diseases contribute substantially to global mortality and demand cell-based therapeutic strategies that are not only immunomodulatory but also capable of precise, stable, and sustained homing to target organs, while mechanistic evidence across organs remains fragmented. This study aimed to synthesize empirical evidence on the mechanisms by which mesenchymal stem cells (MSCs) sense inflammatory signals, the key cytokines/chemokines involved, and the surface receptors that regulate homing to inflamed organs. A systematic literature review was conducted using a Population, Intervention, Comparison, Outcome (PICO) framework using Scopus, Web of Science, and ScienceDirect databases, with standardised keywords. Study selection was facilitated by Parsif.al, applying predefined inclusion–exclusion criteria and methodological quality assessment using the Mixed Methods Appraisal Tool (MMAT 2018), followed by structured data extraction and narrative thematic synthesis. From 168 records, 57 experimental studies were included. These indicate that MSC homing is predominantly governed by the SDF-1/CXCL12–CXCR4 axis, which is potentiated by hypoxic and inflammatory conditions, alongside the roles of IL-1, IL-6, TNF-α, IFN-γ, IL-10, TGF-β, CCL2, chemerin, and CCL5, and the secretion of VEGF, HGF, TSG-6, and MMPs for tissue repair and matrix remodelling. Receptors including CXCR4, CXCR7, CCR2, CXCR1, CCR1, ChemR23, integrins, ICAM-1, VCAM-1, CD44/HCELL, PDGFR, and c-Met shape an organ-specific “homing signature”. The concept of MSC “homing competence” supports the design of preconditioning strategies, route selection, and receptor engineering to achieve safer, more effective, clinically translatable and personalised therapies for inflammatory diseases.
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			INTRODUCTION

			Chronic inflammatory diseases are now recognised as the cause of more than 50% of deaths worldwide and are a major driver of the burden of non-communicable diseases (Furman et al., 2019). A global burden of disease analysis of seven immune-mediated inflammatory diseases (IMIDs) including asthma, psoriasis, rheumatoid arthritis, and inflammatory bowel disease (IBD) showed that their incidence and prevalence increased steadily from 1990 to 2021, with projections indicating a continued rise until 2046 (Zhu et al., 2025). Mesenchymal stem cells (MSCs) have emerged as candidate therapies for a variety of inflammatory and autoimmune diseases because of their immunomodulatory capacity and regenerative potential (Han et al., 2025).

			Conventional therapeutic options, including corticosteroids, immunomodulators, and anti-TNF or anti-integrin biologic agents, are currently utilized in clinical practice, with clinical responses often remaining incomplete and being accompanied by loss of response, serious adverse events, and substantial treatment costs (Zaidi et al., 2025). Therapeutic strategies that not only suppress inflammation but also specifically and durably target structurally damaged organs are required. An in-depth understanding of how MSCs sense inflammatory signals and home to target organs is regarded as crucial for improving therapeutic success.

			Multiple experimental studies have shown that MSC homing to inflamed organs is regulated by a combination of cytokine/chemokine gradients (e.g. SDF-1/CXCL12, CCL2), surface receptors such as CXCR4, CCR2, and adhesion molecules (ICAM-1, VCAM-1), as well as the route of administration (intravenous, intraperitoneal, anal, intranodal) (Ullah et al., 2019). In vivo studies in models of liver injury, acute kidney injury, and colitis have demonstrated that manipulation of the SDF-1/CXCR4 axis, choice of injection route, and the inflammatory microenvironment can alter the biodistribution and accumulation of MSCs in target organs (Ling et al., 2016; Moustafa et al., 2016; Wang et al., 2016; López-Santalla et al., 2018; Zheng et al., 2019; Ding et al., 2023). However, most of these studies have focused on a single organ, a single chemokine axis, or a single route of administration, and there is still no systematic cross-organ synthesis that specifically addresses: (1) how MSCs recognise inflammatory signals, (2) which key cytokines and chemokines guide MSC homing, and (3) which MSC surface receptors determine the specificity of homing to inflamed organs. This research gap underpins the research questions in this systematic literature review (SLR).

			This study aimed to conduct a SLR of empirical evidence regarding: (1) the mechanisms by which MSCs recognise inflammatory signals, (2) the key cytokines and chemokines that direct MSC homing to inflamed organs, and (3) the surface receptors that play pivotal roles in cross-organ homing. By synthesising findings from various animal models and experimental studies, this SLR is expected to generate a “homing competence” framework that links cytokine/chemokine profiles, receptor expression, and routes of MSC administration. Accordingly, this study is important for bridging the gap between mechanistic evidence and the design of more precise, organ-targeted MSC therapies for inflammatory diseases.

			Materials and Methods

			This study employed a Systematic Literature Review (SLR) approach to identify and critically appraise research on the mechanisms by which mesenchymal stem cells (MSCs) recognise inflammatory signals, the key cytokines and chemokines involved in MSC homing to inflammatory sites, and the surface receptors that are crucial for MSC homing to inflamed organs. The SLR approach was chosen because it enables a comprehensive, structured, and unbiased appraisal of the literature and provides a robust empirical basis for formulating evidence-based recommendations.

			The review framework was structured using the Population, Intervention, Comparison, Outcome (PICO) approach derived from the following research questions (Stark and Woods, 2022): How do MSCs recognize inflammatory signals? Which key cytokines and chemokines are involved in MSC homing to inflammatory sites? Which MSC surface receptors are important for homing to inflamed organs? Based on these questions, the PICO elements were defined as follows: Population (P): inflamed organs; Intervention (I): mesenchymal stem cells; Comparison (C): factors influencing MSC homing; Outcome (O): molecular mechanisms involved in stem-cell homing in the recognition of inflammation.

			Search strategy and literature selection

			Literature searching was carried out in three major academic databases Scopus, Web of Science, and Science Direct using the following combination of keywords: (Mesenchimal Stem Cells” OR “Mesenchymal stromal cells) AND (Peritoneal Injection Mesenchimal stem cells) AND (inflammation organ) AND (Homing Process) AND (Distribution of Mesenchimal stem cells).

			The article selection process was conducted systematically with the assistance of the Parsif.al platform, which facilitated reference management, duplicate identification, and efficient implementation of the inclusion and exclusion criteria.

			Quality assessment: MMAT 2018

			Methodological quality was assessed using the Mixed Methods Appraisal Tool (MMAT) version 2018, in accordance with the guidelines of Hong et al. (2018). This process comprised: Screening Questions (S1–S2), which evaluate the clarity of the research questions and the adequacy of the data to address them; Identification of Study Design, whereby each article was classified into one of the five MMAT study designs (qualitative, quantitative descriptive, quantitative non-randomised, randomised controlled trial, or mixed methods); and Appraisal of the Five Core Criteria, in which design-specific criteria were applied to evaluate the methodological rigour of each study.

			RESULTS AND DISCUSSION

			Literature identification

			The PRISMA flow diagram (Figure 1) illustrates the systematic study selection process, beginning with the identification of 168 records from two databases, namely Scopus (n= 83) and Web of Science (n= 85). After removal of duplicates (n= 5), 163 records were screened at the title and abstract level, and several were excluded for not meeting the initial criteria, namely publication before 2014 (n= 70), non-English language (n= 4), review articles (n= 13), book chapters (n= 2), book abstracts (n= 1), and conference proceedings (n= 1); all of these are indicated by right-pointing arrows as records excluded from selection. Of the remaining records, 72 full-text reports were sought, but 5 could not be retrieved, leaving 67 reports to be assessed for eligibility. At this stage, 10 full-text articles were excluded because their topics were not aligned with the review focus (full-text out of focus), also indicated by right-pointing arrows. Ultimately, 57 studies met the inclusion criteria and were incorporated into this systematic review.
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			Figure 1: PRISMA flow diagram of study selection process from three databases (Scopus, Web of Science, ScienceDirect).

			Mechanisms of mesenchymal stem cells (MSCs) recognise inflammatory signals

			The synthesis of the included articles indicates that MSC homing is a coordinated sequence of events that begins at the onset of tissue injury and culminates in cell colonisation of the target organ. Injury and inflammation trigger the release of cytokines, chemokines, and growth factors that establish a chemical gradient from the damaged tissue toward the adjacent blood vessels. MSCs expressing chemokine receptors and adhesion molecules respond to this gradient by rolling along the endothelium, firmly adhering, transmigrating across the vascular wall, and ultimately migrating into the inflamed stromal tissue. This process does not depend on a single signalling axis but involves an interconnected network of CXCL12/SDF-1–CXCR4, other receptors, adhesion molecules, and intracellular signals that regulate cell motility.

			More specifically, the synthesis of the literature from multiple articles shows that the CXCL12/SDF-1–CXCR4 axis is the core mechanism guiding MSC homing in various organ models, including liver, kidney, brain, lung, colon, and wound tissue (Deng et al., 2014; Nan et al., 2018; Wang et al., 2014; Xu et al., 2024). Tissue injury upregulates SDF-1 expression through activation of factors such as HIF-1, thereby generating a chemokine gradient that attracts CXCR4-positive MSCs. Binding of SDF-1 to CXCR4 activates the Rho-ROCK, Rac, and Cdc42 pathways, which orchestrate cytoskeletal reorganisation and directional movement (Park et al., 2017). Several studies have reported that CXCR4 expression decreases during prolonged in vitro culture, and different strategies have been used to counteract this, including cytokine pretreatment, hypoxic culture, small molecules (e.g. DMOG, muscone), genetic engineering, and physical stimulation such as ultrasound-microbubble exposure (Chen et al., 2014; Costa et al., 2021; Gu et al., 2015).

			MSCs recognise inflammatory signals through a combination of danger signals, chemokine gradients, and changes in the microenvironment of injured tissue. Tissue damage leads to the release of damage-associated molecular patterns (DAMPs), pro-inflammatory cytokines, and chemokines, which are sensed by pattern-recognition receptors such as Toll-like receptors (TLRs) on the MSC surface (Zhou et al., 2017). TLR activation regulates MSC viability, proliferation, cytokine secretion, migration, and immunomodulatory capacity and can be manipulated to enhance MSC biodistribution to sites of injury (Zhou et al., 2017).

			Hypoxic and inflammatory conditions increase the expression of homing factors such as SDF-1/CXCL12 in damaged tissues, mainly through HIF-1 activation (Ciullo et al., 2018; Hu, 2021). The SDF-1 gradient formed from the centre of injury toward the blood vessels functions as a major chemotactic signal for CXCR4-positive MSCs (Deng et al., 2014; Nan et al., 2018). The interaction between SDF-1 and CXCR4 activates the Rho-ROCK, Rac, and Cdc42 pathways, which govern cytoskeletal reorganisation and directional migration from the vessel lumen into the inflamed stroma (Park et al., 2017).

			Several studies have shown that CXCR4 expression declines during in vitro expansion, thereby reducing MSC sensitivity to homing signals (Chen et al., 2014; Nan et al., 2018). To address this, various approaches have been explored, including genetic engineering to overexpress CXCR4, cytokine pretreatment, hypoxic preconditioning, small molecules such as DMOG, and physical stimulation such as ultrasound-microbubble exposure (Wang et al., 2014; Costa et al., 2021; Gu et al., 2015). Nano-engineering strategies that induce mild oxidative stress can also activate Nrf2 and enhance CXCR4 expression and the Gα13–Rho pathway, thereby strengthening homing capacity to tumour tissues (Prabha et al., 2023).

			These mechanisms support the concept that MSC homing is a multistep adaptive response that begins with danger sensing through TLRs and cytokines, followed by guidance via chemokine gradients and culminating in docking on the endothelium and inflamed stromal tissue (Xu et al., 2024; Bai et al., 2017). Thus, the success of MSC therapy is highly dependent on the cells’ “homing competence”, which is influenced by culture conditions, preconditioning strategies, and the inflammatory context of the target tissue.

			Key cytokines and chemokines involved in MSC homing to inflammatory sites

			A range of cytokines and chemokines play crucial roles in directing MSC homing to inflamed tissues by establishing chemotactic gradients, activating the endothelium, and increasing the expression of adhesion molecules that facilitate MSC migration and extravasation into target organs. The key mediators, together with their biological functions and primary target organs, are summarised in Table 1.

			The synthesis of the included articles reveals a strong consensus that the SDF-1/CXCL12–CXCR4 axis is the principal chemokine pathway in MSC homing (Yu et al., 2024; Alicka et al., 2020; Song et al., 2019; Harbringer et al., 2018; Hewet et al., 2017). SDF-1 expression is upregulated in tissues subjected to injury, hypoxia, or inflammation, including infarcted myocardium, ischaemic brain, liver, kidney, and colonic mucosa in IBD (Deng et al., 2014; Nan et al., 2018; Ciullo et al., 2018). SDF-1 acts as a potent chemoattractant for CXCR4-positive MSCs and directs their migration toward areas of highest concentration, thus enhancing MSC engraftment at the lesion site (Zhang et al., 2019; Hu et al., 2021).

			Pro-inflammatory cytokines such as IL-1, IL-6, TNF-α, and IFN-γ have dual roles in this process. On the one hand, they initiate and maintain inflammatory responses in tissues; on the other, they modulate the expression of adhesion molecules and homing receptors on both MSCs and the endothelium (Deng et al., 2014; Bai, 2017). TNF-α enhances NF-κB activation and stimulates CXCR4 expression in MSCs, thereby boosting migration to inflamed tissues (Bai, 2017). IL-1 and TNF-α also increase the expression of selectins and other adhesion molecules in the microvasculature, which are critical for MSC rolling and firm adhesion prior to transmigration (Chen et al., 2021; Dykstra et al., 2016).

			Table 1: Key cytokines and chemokines that are implicated in the homing of MSCs to sites of inflammation.

			
				
					
					
					
					
				
				
					
							
							Cytokine / Chemokine

						
							
							Context / Primary source

						
							
							Role in MSC homing to inflamed sites

						
							
							References

						
					

					
							
							SDF-1 / CXCL12

						
							
							Ischaemic / inflamed tissues (myocardium, brain, liver, kidney, colon)

						
							
							A key chemokine that is highly expressed in injured tissues; a concentration gradient is established to attract CXCR4-positive MSCs and to enhance engraftment at lesion sites.

						
							
							(Deng, 2014; Nan, 2018; Ciullo, 2018; Zhang, 2019; Hu, 2021; Alicka, 2020; Song, 2019; Hu, 2019; Li, 2019; Wang, 2018; Xiao, 2016)

						
					

					
							
							IL-1

						
							
							Inflamed or wounded tissues

						
							
							A pro-inflammatory cytokine by which endothelial activation and expression of adhesion molecules/selectins are upregulated, thereby facilitating MSC rolling and adhesion in vessels within inflamed areas.

						
							
							(Deng, 2014; Chen, 2021; Bai, 2017)

						
					

					
							
							IL-6

						
							
							Serum and inflammatory microenvironment

						
							
							An inflammatory cytokine that is involved in the acute-phase response and by which the microenvironment is modulated so that recruitment and functions of MSCs at injured sites are supported.

						
							
							(Deng, 2014; Bai, 2017; Khasawneh, 2022)

						
					

					
							
							TNF-α

						
							
							Inflammatory serum, injured vasculature

						
							
							TNF-α-mediated activation of NF-κB is increased and expression of CXCR4 on MSCs as well as endothelial selectins is stimulated; MSC migration and adhesion to inflamed tissues are thereby strengthened.

						
							
							(Deng, 2014; Bai, 2017; Zhao, 2021)

						
					

					
							
							IFN-γ

						
							
							Tumour-conditioned media / chronic inflammatory milieu

						
							
							A component of the pro-inflammatory milieu by which MSC secretory and migratory profiles are altered, contributing to chemotaxis and modulation of immune responses at lesion sites.

						
							
							(Smith, 2015; Wang, 2014)

						
					

					
							
							VEGF

						
							
							Activated MSCs in injured tissues

						
							
							A pro-angiogenic factor that is secreted by MSCs after homing; tissue repair and neovascularisation are supported and a microenvironment that further attracts MSCs is reinforced.

						
							
							(Liu, 2014; Bai, 2017; Costa, 2021; Jiang, 2022; Tu, 2016)

						
					

					
							
							HGF

						
							
							Liver and other injured tissues

						
							
							A growth factor that binds c-Met; tissue regeneration is promoted and recruitment and retention of MSCs in damaged organs may be facilitated.

						
							
							(Bai, 2017; Wang, 2024; Bang, 2017)

						
					

					
							
							BMP-7

						
							
							Renal injury

						
							
							Secreted by MSCs as a renoprotective factor; tissue repair after MSC homing to inflamed kidneys is supported.

						
							
							(Liu, 2014)

						
					

					
							
							IL-10

						
							
							Inflammation-resolution milieu

						
							
							An anti-inflammatory cytokine that is secreted by MSCs to suppress excessive inflammation after homing; local immune homeostasis is restored.

						
							
							(Wang, 2014; Liu, 2014; Li, 2024)

						
					

					
							
							TSG-6

						
							
							MSC under hypoxic / 3D conditions

						
							
							An anti-inflammatory and matrix-modulating molecule whose expression is increased in preconditioned MSCs and which contributes to protective effects after homing.

						
							
							(Costa, 2021)

						
					

					
							
							MMP-2 / MMP-9

						
							
							Pretreated / inflamed MSCs

						
							
							Matrix metalloproteinases that facilitate matrix remodelling and penetration of MSCs across tissue barriers; transmigration into organ parenchyma is critically supported.

						
							
							(Bidkhori, 2016; Costa, 2021; Li, 2024)

						
					

					
							
							Chemerin

						
							
							Liver, lung, inflamed tissues

						
							
							A chemotactic protein that binds ChemR23; migration of cells (including MSCs and immune cells) towards injured sites is directed.

						
							
							(Kim, 2021)

						
					

					
							
							CCL5 (RANTES)

						
							
							Tumours / cancer microenvironment

						
							
							A chemokine by which MSC chemotaxis is induced through receptors such as CCR1; MSC migration into the tumour microenvironment is enhanced.

						
							
							(Melen, 2015)

						
					

				
			

			MSCs modulate the inflammatory milieu via paracrine secretion. Several studies report increased secretion of VEGF, HGF, BMP-7, IL-10, TSG-6, and MMP-2 by MSCs under conditions of renal, hepatic, and vascular injury (Liu et al., 2014; Bai et al., 2017; Costa et al., 2021). VEGF and HGF accelerate angiogenesis and tissue regeneration, whereas IL-10 and TSG-6 suppress excessive inflammation and the recruitment of pro-inflammatory effector cells (Wang et al., 2014; Li et al., 2024). MMP-2 and MMP-9 contribute to extracellular matrix remodelling and facilitate MSC penetration into the organ parenchyma (Bidkhori et al., 2016; Costa et al., 2021).

			The chemokines, such as chemerin and CCL5, also participate in recruiting MSCs and immune cells to sites of injury or tumour growth. Chemerin binds to the ChemR23 receptor and directs cell migration to inflamed tissues (Kim et al., 2021). CCL5, together with SDF-1, has been shown to induce MSC chemotaxis in an oncolytic virus carrier model for neuroblastoma (Melen et al., 2015). Conversely, in a stroke model, CXCR4-rich MSC membranes have been used as “nanodecoys” to bind CXCL12 and prevent the recruitment of neutrophils and monocytes to the lesion, thereby reducing secondary inflammation (Shi, 2021). These findings suggest that understanding cytokine and chemokine networks can be exploited not only to enhance MSC homing but also to limit the homing of pro-inflammatory immune cells.

			Surface receptors on MSCs that are critical for homing to inflamed organs

			MSC homing is determined by the expression of various surface receptors that sense chemotactic signals, interact with vascular adhesion molecules, and mediate attachment and translocation of MSCs across the endothelium into inflamed tissues. The main receptors involved in directing MSC migration and organ specificity are summarised in Table 2.

			The synthesis of the included studies underscores that the MSC surface receptor profile is a key determinant of successful homing to inflamed organs. CXCR4 emerges as the principal and most extensively studied homing receptor. High CXCR4 expression correlates with enhanced MSC migration along the SDF-1 gradient and increased accumulation in inflamed colon, ischaemic brain, 

			Table 2: Surface receptors on MSCs that are considered critical for homing to inflamed organs.

			
				
					
					
					
					
					
				
				
					
							
							Receptor / surface molecule

						
							
							Ligand/ Primary signal

						
							
							Primary role in MSC homing

						
							
							Organ

						
							
							References

						
					

					
							
							CXCR4 (chemokine receptor)

						
							
							SDF-1 / CXCL12

						
							
							A key receptor for MSC chemotaxis along SDF-1 gradients; migration towards ischaemic / inflamed tissues is directed.

						
							
							Colon in IBD, infarcted myocardium, ischaemic brain, liver, kidney, lung

						
							
							Chen, 2014; Nan, 2018; Wang, 2014; Zhang, 2019; Ichiseki, 2023; Yu, 2024; Alicka, 2020; Song, 2019; Hu 2019; Xiao, 2016

						
					

					
							
							CXCR7

						
							
							SDF-1 / CXCL12

						
							
							An alternative receptor for SDF-1; homing is regulated at the endothelial level and SDF-1 availability is modulated.

						
							
							Bone marrow, inflamed tissues

						
							
							Bidkhori, 2016; Park, 2017

						
					

					
							
							CCR2

						
							
							CCL2 (MCP-1)

						
							
							Migration of MSCs towards tissues with high CCL2 expression is regulated; associations with pulmonary and other tissue inflammation have been reported.

						
							
							Inflamed lung, other injured tissues

						
							
							Bidkhori, 2016; Li, 2024

						
					

					
							
							CXCR1 / CCR1

						
							
							IL-8, CCL5

						
							
							An increased tropism of MSCs for the tumour microenvironment is conferred; high expression has been associated with better clinical responses.

						
							
							Solid tumours (neuroblastoma, etc.)

						
							
							Melen, 2015

						
					

					
							
							ChemR23

						
							
							Chemerin

						
							
							Migration of cells towards tissues that produce chemerin under injury or inflammatory conditions is directed.

						
							
							Liver, lung, inflamed tissues

						
							
							Kim, 2021

						
					

					
							
							ICAM-1 (adhesion molecule)

						
							
							LFA-1 (on endothelium/immune cells)

						
							
							Adhesion and attachment of MSCs to host tissues after transplantation are facilitated; retention at injured sites is rendered critical.

						
							
							Heart, blood vessels, inflamed tissues

						
							
							Zhao, 2021; Khasawneh, 2022

						
					

					
							
							Integrin α2, α5, α6, β1

						
							
							Collagen, fibronectin, laminin

						
							
							Interactions of MSCs with extracellular matrix and endothelium are regulated; firm adhesion and transmigration are enabled.

						
							
							Bone, blood vessels, biomaterial scaffolds

						
							
							Andersen, 2015; Dollet, 2020; Smith, 2015

						
					

					
							
							CD44 / HCELL

						
							
							Hyaluronan, E-selectin (via sLeX)

						
							
							An important ligand for E-selectin; glyco-engineering of HCELL has been shown to enhance tethering, rolling, and MSC homing to bone marrow / bone. One of the CD44 isoform is CD44v6, which is considered as a homing receptor.

						
							
							Bone, bone marrow

						
							
							Dykstra, 2016; Chen, 2021; Nabizadeh, 2022

						
					

					
							
							JAM-A

						
							
							JAM ligands / integrins

						
							
							Chemotaxis, migration, and the number of MSCs homing to wound surfaces are increased and secretory activity is enhanced.

						
							
							Skin wounds / wound healing

						
							
							Wu, 2015

						
					

					
							
							PDGFR-α / PDGFR-β

						
							
							PDGF

						
							
							Growth factor receptors by which MSC chemotaxis towards fracture sites and areas of bone remodelling is regulated.

						
							
							Bone, fractures, skeletal regeneration

						
							
							Andersen, 2015; Smith, 2015

						
					

					
							
							c-Met

						
							
							HGF

						
							
							Migration of MSCs towards tissues with high HGF levels is directed; homing to injured liver and post-stroke brain is mediated.

						
							
							Failing liver, post-stroke brain

						
							
							Bang, 2017; Wang, 2024

						
					

					
							
							“Targeted coating” anti-KIM-1 (antibody on MSC surface)

						
							
							KIM-1 (in injured kidneys)

						
							
							Not an endogenous MSC receptor, but an antibody coated onto the MSC surface to increase the selectivity of homing to ischaemic kidneys.

						
							
							Ischaemic / stenotic kidney

						
							
							Zou, 2018

						
					

				
			

			infarcted myocardium, lung, and kidney (Chen et al., 2014; Nan et al., 2018; Wang et al., 2014; Zhang et al., 2019). Overexpression of CXCR4 through genetic engineering or preconditioning improves MSC homing and therapeutic effects, whereas CXCR4 knockdown reduces their migratory ability toward injured tissues (Ichiseki et al., 2023; Zhao et al., 2019).

			The MSC homing receptor profile is more complex than CXCR. CXCR7, CCR2, CXCR1, CCR1, and ChemR23 also participate in directing MSCs to inflammatory and tumour microenvironments (Bidkhori et al., 2016; Melen et al., 2015; Kim et al., 2021). CXCR7 functions as an alternative receptor for SDF-1 and plays an important regulatory role at the endothelial level, whereas CCR2 responds to CCL2 in models of lung and other tissue injury (Bidkhori et al., 2016; Li et al., 2024). ChemR23 binds chemerin and guides migration to damaged tissues (Kim et al., 2021). Better clinical responses in CELYVIR therapy have been observed in association with higher CXCR1/CCR1 expression in MSCs in experimental clinical studies, thereby underscoring the functional relevance of these receptors in tumour homing (Melen et al., 2015).

			Adhesion molecules and selectin ligands add an important layer to homing mechanisms. ICAM-1 and VCAM-1 mediate firm adhesion of MSCs to the endothelium, while various integrin subunits (α2, α5, α6, β1) regulate interactions with the extracellular matrix and transmigration (Khasawneh, 2022; Dollet et al., 2020). CD44 and its glyco-engineered form HCELL act as ligands for E-selectin on inflamed endothelium, and exofucosylation of MSCs using fucosyltransferase has been shown to enhance tethering and rolling on the endothelium and to direct homing to bone (Dykstra, 2016). PDGFR-α/β and c-Met link homing signals to chemotaxis and tissue regeneration in bone fracture and liver failure models (Andersen et al., 2015; Wang et al., 2024; Bang et al., 2017). Antibody coating of MSCs with specificity for KIM-1 has also been shown to increase selective homing to ischaemic kidneys compared with other organs (Zou et al., 2018).

			The notion that each organ and type of injury possesses a distinct “homing signature,” determined by specific combinations of chemokine receptors, adhesion molecules, and growth factor receptors, is supported by this evidence (Teo et al., 2020; Smith, 2015; Toraih et al., 2016). On this basis, the development of “homing competence” indicators derived from MSC surface receptor profiles is proposed as a means of defining quality and potency criteria for cell-therapy products in both human and veterinary medicine.

			Conclusion

			This systematic review confirms that MSC homing to inflamed organs is a multistep process guided by cytokine and chemokine gradients particularly IL-1, IL-6, TNF-α, IFN-γ, IL-10, TGF-β, and the SDF-1/CXCL12–CXCR4 and CCL2 axes which, together with adhesion molecules and surface receptors, determine the direction of migration and cell retention. The review clarifies cross-organ homing patterns, reinforces the concept of “homing competence”, and highlights the potential to optimise preconditioning, administration routes, and receptor engineering to enhance therapeutic efficacy. Practically, these findings support the design of more targeted MSC therapies for inflammatory diseases in both humans and animals.

			ACKNOWLEDGEMENTS

			The preparation of this review article was substantially supported by Universitas Airlangga and Universitas Brawijaya. The research facilities, academic environment, and administrative assistance provided by both institutions greatly contributed to the successful completion of this work.

			Novelty Statement

			This is the first cross-organ systematic review that consolidates cytokine / chemokine receptor, homing signatures of MSCs to guide targeted and route-optimized cell therapy.

			AUTHOR’S CONTRIBUTION

			WP: Conceptualization, methodology, writing- reviewing and editing, visualization; investigation. FAR, AA, LTS, HP, ES, ISY, BS: Supervision, conceptualization, methodology.

			Generative AI and AI-assisted technology statement

			Generative AI tools were used to improve language clarity and grammar and/or to assist in drafting non-substantive text. All scientific content, interpretations, and references were produced, verified, and approved by the authors.

			Conflict of interest

			The authors have declared no conflict of interest.

			REFERENCES

			Alicka M, Kornicka-Garbowska K, Kucharczyk K, Kȩpska M, Rocken M, Marycz K (2020). Age-dependent impairment of adipose-derived stem cells isolated from horses. Stem Cell Res. Therapy, 11(1): 1–20. https://doi.org/10.1186/s13287-019-1512-6

			Andersen RK, Zaher W, Larsen KH, Ditzel N, Drews K, Wruck W, Adjaye J, Abdallah BM, Kassem M (2015). Association between in vivo bone formation and ex vivo migratory capacity of human bone marrow stromal cells. Stem Cell Res. Therapy, 6(1): 1–14. https://doi.org/10.1186/s13287-015-0188-9

			Bai X, Xi J, Bi Y, Zhao X, Bing W, Meng X, Liu Y, Zhu Z, Song G (2017). TNF-α promotes survival and migration of MSCs under oxidative stress via NF-κB pathway to attenuate intimal hyperplasia in vein grafts. J. Cell. Mol. Med., 21(9): 2077–2091. https://doi.org/10.1111/jcmm.13131

			Bang OY, Moon GJ, Kim DH, Lee JH, Kim S, Son JP, Cho YH, Chang WH, Kim YH, Sung JH, Kim SY, Chung JW, Lee MJ, Kim SJ, Kim SK, Kang YM, Kim YM, Kim HS, Jang JH (2017). Stroke induces mesenchymal stem cell migration to infarcted brain areas via CXCR4 and c-Met signaling. Trans. Stroke Res., 8(5): 449–460. https://doi.org/10.1007/s12975-017-0538-2

			Bidkhori HR, Ahmadiankia N, Matin MM, Heiranitabasi A, Farshchian M, Meshkin HN, Shahriyari M, Dastpak M, Bahrami AR (2016). Chemically primed bone-marrow derived mesenchymal stem cells show enhanced expression of chemokine receptors contributed to their migration capability. Iran. J. Basic Med. Sci., 19(1): 14–19.

			Chen L, Luo W, Wang Y, Song X, Li S, Wu J, Sun L (2021). Directional homing of glycosylation-modified bone marrow mesenchymal stem cells for bone defect repair. J. Nanobiotechnol., 19(1): 1–15. https://doi.org/10.1186/s12951-021-00969-3

			Chen W, Li M, Su G, Zang Y, Yan Z, Cheng H, Pan B, Cao J, Wu Q, Zhao K, Zhu F, Zeng L, Li Z, Xu K (2014). Co-transplantation of hematopoietic stem cells and Cxcr4 gene-transduced mesenchymal stem cells promotes hematopoiesis. Cell Biochem. Biophys., 71(3): 1579–1587. https://doi.org/10.1007/s12013-014-0381-y

			Ciullo A, Biemmi V, Milano G, Bolis S, Cervio E, Fertig ET, Gherghiceanu M, Moccetti T, Camici GG, Vassalli G, Barile L (2018). Exosomal expression of CXCR4 targets cardioprotective vesicles to myocardial infarction and improves outcome after systemic administration. Int. J. Mol. Sci., 20(3): 1–24. https://doi.org/10.3390/ijms20030468

			Costa MHG, Serra J, McDevitt TC, Cabral JMS, da Silva CL, Ferreira FC (2021). Dimethyloxalylglycine, a small molecule, synergistically increases the homing and angiogenic properties of human mesenchymal stromal cells when cultured as 3D spheroids. Biotechnol. J., 16(5): 1–13. https://doi.org/10.1002/biot.202000389

			Deng C, Qin A, Zhao W, Feng T, Shi C, Liu T (2014). Up-regulation of CXCR4 in rat umbilical mesenchymal stem cells induced by serum from rat with acute liver failure promotes stem cells migration to injured liver tissue. Mol. Cell. Biochem., 396(1–2): 107–116. https://doi.org/10.1007/s11010-014-2147-7

			Ding Y, Tan R, Gu J, Gong P (2023). Herpetin Promotes Bone Marrow Mesenchymal Stem Cells to Alleviate Carbon Tetrachloride-Induced Acute Liver Injury in Mice. Molecules, 28, 3842. https://doi.org/10.3390/molecules28093842

			Dollet PE, Hsu MJ, Ambroise J, Rozzi M, Ravau J, André F, Evraerts J, Najimi M, Sokal E, Lombard C (2020). Evaluation of strategies aimed at improving liver progenitor cell rolling and subsequent adhesion to the endothelium. Cell Transplant., 29: 1–14. https://doi.org/10.1177/0963689720912707

			Dykstra B, Lee J, Mortensen LJ, Yu H, Wu ZL, Lin CP, Rossi DJ, Sackstein R (2016). Glycoengineering of E-selectin ligands by intracellular versus extracellular fucosylation differentially affects osteotropism of human mesenchymal stem cells. Stem Cells, 34(10): 2501–2511. https://doi.org/10.1002/stem.2435

			Furman D, Campisi J, Verdin E, Carrera-Bastos P, Sasha Targ S, Franceschi C, Ferrucci L, Gilroy DW, Fasano A, Miller GW, Miller AH, Mantovani A, Weyand CM, Barzilai M, Goronzy JJ, Rando TA, Effros RB, Lucia A, Kleinstreuer N, Slavich GM (2019). Chronic inflammation in the etiology of disease across the life  span. Nat Med. 25(12): 1822–1832. https://doi:10.1038/s41591-019-0675-0.

			Gu JY, Shi HF, Gao XL, Ma QQ, Zhang B (2015). Effect of CXCR4 pretreated with ultrasound-exposed microbubbles on accelerating homing of bone marrow mesenchymal stem cells to ischemic myocardium in AMI rats. Asian Pac. J. Trop. Med., 8(9): 766–771. https://doi.org/10.1016/j.apjtm.2015.07.027

			Habringer S, Lapa C, Herhaus P, Schottelius M, Istvanffy R, Steiger K, Slotta-Huspenina J, Schirbel A, Hänscheid H, Kircher S, Buck AK, Götze K, Vick B, Jeremias I, Schwaiger M, Peschel C, Oostendorp R, Wester HJ, Grigoleit GU, Keller U (2018). Dual targeting of acute leukemia and supporting niche by CXCR4-directed theranostics. Theranostics, 8(2): 369–383. https://doi.org/10.7150/thno.21397

			Han X, Liao R, Li X, Zhang C, Huo S, Qin L, Xiong Y, He T, Xiao G, Zhang T (2025). Mesenchymal stem cells in treating human diseases: Molecular mechanisms and clinical studies. Signal Trans. Target. Ther., 10(1). https://doi.org/10.1038/s41392-025-02313-9

			Hewett DR, Vandyke K, Lawrence DM, Friend N, Noll JE, Geoghegan JM, Croucher PI, Zannettino ACW (2017). DNA barcoding reveals habitual clonal dominance of myeloma plasma cells in the bone marrow microenvironment. Neoplasia (United States), 19(12): 972–981. https://doi.org/10.1016/j.neo.2017.09.004

			Hong QN, Pluye P, Fàbregues S, Bartlett G, Boardman F, Cargo M, Vedel I  (2018) Mixed methods appraisal tool (MMAT), version 2018. User guide.  Canada: Canadian Intellectual Property Office. Retrieved from https://mixed metho dsapp raisa ltool public. pbwor ks. com/w/ file/ fetch/ 127916259/ MMAT__ crite ria- manual_ 2018- 08- 01_ ENG. pdf

			Hu Y, Chen W, Wu L, Jiang L, Qin H, Tang N (2019). Hypoxic preconditioning improves the survival and neural effects of transplanted mesenchymal stem cells via CXCL12/CXCR4 signalling in a rat model of cerebral infarction. Cell Biochem. Funct., 37(7): 504–515. https://doi.org/10.1002/cbf.3423

			Hu Y, Li X, Zhang Q, Gu Z, Luo Y, Guo J, Wang X, Jing Y, Chen X, Su J (2021). Exosome-guided bone targeted delivery of Antagomir-188 as an anabolic therapy for bone loss. Bioactive Mater., 6(9): 2905–2913. https://doi.org/10.1016/j.bioactmat.2021.02.014

			Ichiseki T, Shimasaki M, Ueda S, Hirata H, Souma D, Kawahara N, Ueda Y (2023). Efficacy of rectal systemic administration of mesenchymal stem cells to injury sites via the CXCL12/CXCR4 axis to promote regeneration in a rabbit skeletal muscle injury model. Cells, 12(13). https://doi.org/10.3390/cells12131729

			Jiang DT, Tuo L, Bai X, Bing WD, Qu QX, Zhao X, Song GM, Bi YW, Sun WY (2022). Prostaglandin E1 reduces apoptosis and improves the homing of mesenchymal stem cells in pulmonary arterial hypertension by regulating hypoxia-inducible factor 1 alpha. Stem Cell Res. Therapy, 13(1): 1–14. https://doi.org/10.1186/s13287-022-03011-x

			Khasawneh RR, Abu-el-rub E (1995). Hypoxia disturbs the Migration and Adhesion factors profile of Mesenchymal Stem Cells. Cellular and Molecular Biology; 68(11): 28-32. http://dx.doi.org/10.14715/cmb/2022.68.11.5

			Kim I, Park H, Hwang I, Moon D, Yun H, Lee EJ, Kim HS (2021). Discovery of chemerin as the new chemoattractant of human mesenchymal stem cells. Cell Biosci., 11(1): 1–15. https://doi.org/10.1186/s13578-021-00631-3

			Kook SH, Lim SS, Cho ES, Lee YH, Han SK, Lee KY, Kwon J, Hwang JW, Bae CH, Seo YK, Lee JC (2014). COMP-angiopoietin 1 increases proliferation, differentiation, and migration of stem-like cells through Tie-2-mediated activation of p38 MAPK and PI3K/Akt signal transduction pathways. Biochem. Biophys. Res. Commun., 455(3–4): 371–377. https://doi.org/10.1016/j.bbrc.2014.11.025

			Li K, Shen C, Wen N, Han Y, Guo L (2024). EPO regulates the differentiation and homing of bone marrow mesenchymal stem cells through Notch1/Jagged pathway to treat pulmonary hypertension. Heliyon, 10(4): e25234. https://doi.org/10.1016/j.heliyon.2024.e25234

			Li M, Zeng L, Liu S, Dangelmajer S, Kahlert UD, Huang H, Han Y, Chi X, Zhu M, Lei T (2019). Transforming growth factor-β promotes homing and therapeutic efficacy of human mesenchymal stem cells to glioblastoma. J. Neuropathol. Exper. Neurol., 78(4): 315–325. https://doi.org/10.1093/jnen/nlz016

			Ling KX, Peng L, Feng ZJ,1 Wei C, Yan YW, Nan S, Qi GC and Wei WZ (2016). Stromal Derived Factor-1/CXCR4 Axis Involved in Bone Marrow Mesenchymal Stem Cells Recruitment to Injured Liver. Stem Cells International Volume 2016, Article ID 8906945, http://dx.doi.org/10.1155/2016/8906945

			Liu P, Feng Y, Dong C, Yang D, Li B, Chen X, Zhang Z, Wang Y, Zhou Y, Zhao L (2014). Administration of BMSCs with muscone in rats with gentamicin-induced AKI improves their therapeutic efficacy. PLoS One, 9(5). https://doi.org/10.1371/journal.pone.0097123

			Lopez-Santalla M, Mancheño-Corvo P, Escolano A, Menta R, Delarosa O, Redondo JM, Bueren JA, Dalemans W, Lombardo E, Garin MI (2018). Comparative analysis between the in vivo biodistribution and therapeutic efficacy of adipose-derived mesenchymal stromal cells administered intraperitoneally in experimental colitis. Int J Mol Sci. 19(7), 1853 https://doi.org/10.3390/ijms19071853

			Melen GJ, Franco-Luzón L, Ruano D, González-Murillo Á, Alfranca A, Casco F, Lassaletta Á, Alonso M, Madero L, Alemany R, García-Castro J, Ramírez M (2015). Influence of carrier cells on the clinical outcome of children with neuroblastoma treated with high dose of oncolytic adenovirus delivered in mesenchymal stem cells. Cancer Lett., 371(2): 161–170. https://doi.org/10.1016/j.canlet.2015.11.036

			Mohammadali F, Abroun S, Atashi A (2018). Combined mild hypoxia and bone marrow mesenchymal stem cells improve expansion and HOXB4 gene expression of human cord blood CD34+ stem cells. Arch. Biol. Sci., 70(3): 433–441. https://doi.org/10.2298/ABS171028003M

			Moustafa FE, Sobh MA, Abouelkheir M, Khater Y, Mahmoud K, Saad MA (2016). Study of the Effect of Route of Administration of Mesenchymal Stem Cells on Cisplatin-Induced Acute Kidney Injury in Sprague Dawley Rats. International Journal of Stem Cells; 9(1): 79-89. https://doi.org/10.15283/ijsc.2016.9.1.79

			Mun JY, Shin KK, Kwon O, Lim YT, Oh DB (2016). Minicircle microporation-based non-viral gene delivery improved the targeting of mesenchymal stem cells to an injury site. Biomaterials, 101: 310–320. https://doi.org/10.1016/j.biomaterials.2016.05.057

			Nabizadeh A, Ravanshad M (2022). An engineered mesenchymal stem cell by lentiviral vector expressing CD44 as a candidate to target colon cancer tissue in mice model. Infect. Epidemiol. Microbiol., 8(1): 69–76. https://doi.org/10.52547/iem.8.1.69

			Nan Z, Fan H, Tang Q, Zhang M, Xu M, Chen Q, Liu Y, Dong Y, Wu H, Deng S (2018). Dual expression of CXCR4 and IL-35 enhances the therapeutic effects of BMSCs on TNBS-induced colitis in rats through expansion of Tregs and suppression of Th17 cells. Biochem. Biophys. Res. Commun., 499(4): 727–734. https://doi.org/10.1016/j.bbrc.2018.03.043

			Park S, Jang H, Kim BS, Hwang C, Jeong GS, Park Y (2017). Directional migration of mesenchymal stem cells under an SDF-1α gradient on a microfluidic device. PLoS One, 12(9): 1–18. https://doi.org/10.1371/journal.pone.0184595

			Peng SB, Zhang X, Paul D, Kays LM, Gough W, Stewart J, Uhlik MT, Chen Q, Hui YH, Zamek-Gliszczynski MJ, Wijsman JA, Credille KM, Yan LZ (2015). Identification of LY2510924, a novel cyclic peptide CXCR4 antagonist that exhibits antitumor activities in solid tumor and breast cancer metastatic models. Mol. Cancer Therapeut., 14(2): 480–490 https://doi.org/10.1158/1535-7163.MCT-14-0850. 

			Prabha S, Merali C, Sehgal D, Nicolas E, Bhaskar N, Flores M, Bhatnagar S, Nethi SK, Barrero CA, Merali S, Panyam J (2023). Incorporation of paclitaxel in mesenchymal stem cells using nanoengineering upregulates antioxidant response, CXCR4 expression and enhances tumor homing. Mater. Today Biol., 19: 100567. https://doi.org/10.1016/j.mtbio.2023.100567

			Shi J, Yang Y, Yin N, Liu C, Zhao Y, Cheng H, Zhou T, Zhang Z, Zhang K (2022). Engineering CXCL12 biomimetic decoy-integrated versatile immunosuppressive nanoparticle for ischemic stroke therapy with management of overactivated brain immune microenvironment. Small Methods, 6(1). https://doi.org/10.1002/smtd.202270007

			Shi J, Yang Y, Yin N, Liu C, Zhao Y, Cheng H, Zhou T, Zhang Z, Zhang K(2021). Engineering CXCL12 Biomimetic Decoy-Integrated Versatile Immunosuppressive Nanoparticle for Ischemic Stroke Therapy with Management of Overactivated Brain Immune Microenvironment. Small Methods; 6 (1) 1-15. https://doi.org/10.1002/smtd.202101158

			Smith CL, Chaichana KL, Lee YM, Lin B, Stanko KM, O’donnell T, Gupta S, Shah SR, Wang J, Wijesekera O, Delannoy M, Levchenko A, Nones-Hinojosa AQ (2015). Pre-Exposure of Human Adipose Mesenchymal Stem Cells to Soluble Factors Enhances Their Homing to Brain Cancer. Stem Cells Translational Medicine; 4: 1–13. http://dx.doi.org/ 10.5966/sctm.2014-0149

			Song L, Yuan X, Jones Z, Griffin K, Zhou Y, Ma T, Li Y (2019). Assembly of human stem cell-derived cortical spheroids and vascular spheroids to model 3-D brain-like tissues. Sci. Rep., 9(1): 1–16. https://doi.org/10.1038/s41598-019-42439-9

			Stark M, Woods B (2022). Developing an idea into a research question. Clin Spine Surg. https://doi.org/10.1097/BSD. 0000000000001393

			Teo JY, Ko E, Leong J, Hong J, Jeon JS, Yang YY, Kong H (2020). Surface tethering of stromal cell-derived factor-1α carriers to stem cells enhances cell homing to ischemic muscle. Nanomed. Nanotechnol. Biol. Med., 28: 102215. https://doi.org/10.1016/j.nano.2020.102215

			Toraih EA, Fawzy MS, El-Falouji AI, Hamed EO, Nemr NA, Hussein MH, Abd El Fadeal NM (2016). Stemness-related transcriptional factors and homing gene expression profiles in hepatic differentiation and cancer. Mol. Med., 22(1): 653–663. https://doi.org/10.2119/molmed.2016.00096

			Tu TC, Yamashita T, Kato T, Nagano M, Trinh NT, Hamada H, Sato F, Ohneda K, Matsuo-Takasaki M, Ohneda O (2016). Microvesicles derived from Alde-low EPCs support the wound healing capacity of AT-MSCs. Biochem. Biophys. Res. Commun., 477(1): 68–75. https://doi.org/10.1016/j.bbrc.2016.06.022

			Ullah M, Liu DD, Thakor AS (2019). Mesenchymal stromal cell homing: Mechanisms and strategies for improvement. iScience, 15: 421–438. https://doi.org/10.1016/j.isci.2019.05.004

			Wang J, Zhang W, He GH, Wu B, Chen S (2018). Transfection with CXCR4 potentiates homing of mesenchymal stem cells in vitro and therapy of diabetic retinopathy in vivo. Int. J. Ophthalmol., 11(5): 766–772.

			Wang Q, Li Y, Yuan H, Peng L, Dai Z, Sun Y, Liu R, Li W, Li J, Zhu C (2024). Hypoxia preconditioning of human amniotic mesenchymal stem cells enhances proliferation and migration and promotes their homing via the HGF/c-MET signaling axis to augment the repair of acute liver failure. Tissue Cell, 87: 102326. https://doi.org/10.1016/j.tice.2024.102326

			Wang Z, Wang Y, Wang Z, Gutkind JS, Wang Z, Wang F, Lu J, Niu G, Teng G, Chen X (2014). Engineered mesenchymal stem cells with enhanced tropism and paracrine secretion of cytokines and growth factors to treat traumatic brain injury. Stem Cells, 33(2): 456–467. https://doi.org/10.1002/stem.1878

			Wang G, Zhang Q,  Zhuo ZX, Wu S, Xu Y,  Zou L, Gan L, Tan K, H, Z, Gao Y (2016). Enhanced Homing of CXCR-4 Modified Bone Marrow–Derived Mesenchymal Stem Cells to Acute Kidney Injury Tissues by Micro-Bubble–Mediated Ultrasound Exposure. Ultrasound in Medicine & Biology 42(2):539–548. https://doi.org/10.1016/j.ultrasmedbio.2015.10.005

			Wu M, Ji S, Xiao S, Kong Z, Fang H, Zhang Y, Ji K, Zheng Y, Liu H, Xia Z (2015). JAM-A promotes wound healing by enhancing both homing and secretory activities of mesenchymal stem cells. Clin. Sci., 129(7): 575–588. https://doi.org/10.1042/CS20140735

			Xiao Ling K, Peng L, Feng ZJ, Wei C, Yan YW, Nan S, Qi GC, Wei WZ (2016). Stromal derived factor-1/CXCR4 axis involved in bone marrow mesenchymal stem cells recruitment to injured liver. Stem Cells Int., 2016: 1–10. https://doi.org/10.1155/2016/8906945

			Xu H, Huang Y, Zhang F, Shi W, Cheng Y, Yang K, Tian P, Zhou F, Wang Y, Fang X, Song Y, Liu B, Liu L (2024). Ultrasonic microbubbles promote mesenchymal stem cell homing to the fibrotic liver via upregulation of CXCR4 expression. Cell Div., 19(1): 1–13. https://doi.org/10.1186/s13008-023-00104-8

			Yang M, Ma W, Oatley J, Liu WS (2023). Mouse Pramel1 regulates spermatogonial development by inhibiting retinoic acid signaling during spermatogenesis. Development, 150(21). https://doi.org/10.1242/dev.201907

			Yu Y, Wang J, Sun Z, Chen Z, Xiong W, Li Y, Cui W, Chen Y (2024). 0D amplification strategies reshape bone interface niches via biointernalization effects. Adv. Funct. Mater., 34(22): 1–19. https://doi.org/10.1002/adfm.202311975

			Zaidi SF, Patel KB, Cerdas MG, Timalsina E, Rajendiran A, Behbehani D, Aljallawi SM, Pendurthi G, Ullah S, Bellaha MN, Gebregiorgis T, Nazir Z (2025). A comprehensive review of the role of biologics and small-molecule therapies in the long-term management of Crohn’s disease. Cureus, 17(9). https://doi.org/10.7759/cureus.92901

			Zhang T, Li F, Xu Q, Wang Q, Jiang X, Liang Z (2019). Ferrimagnetic nanochains-based mesenchymal stem cell engineering for highly efficient post-stroke recovery. Adv. Funct. Mater., 29(24): 1–13. https://doi.org/10.1002/adfm.201900603

			Zhao F, Liu W, Yue S, Yang L, Hua Q, Zhou Y, Cheng H, Luo Z, Tang S (2019). Pretreatment with G-CSF could enhance the antifibrotic effect of BM-MSCs on pulmonary fibrosis. Stem Cells Int., 2019. https://doi.org/10.1155/2019/1726743

			Zhao ML, Chen T, Zhang TH, Tian F, Wan X (2021). H19 overexpression improved efficacy of mesenchymal stem cells in ulcerative colitis by modulating the miR-141/ICAM-1 and miR-139/CXCR4 axes. Dis. Markers, 2021. https://doi.org/10.1155/2021/7107705

			Zheng J, Li H, He L, Huang Y, Cai J, Chen L, Zhou C, Fu H, Lu T, Zhang Y, Yao J, Yang Y (2019). Preconditioning of umbilical cord-derived mesenchymal stem cells by rapamycin increases cell migration and ameliorates liver ischaemia/reperfusion injury in mice via the CXCR4/CXCL12 axis. Cell Proliferation, 52(2): 1–14. https://doi.org/10.1111/cpr.12546

			Zhou P, Liu Z, Li X, Zhang B, Wang X, Lan J, Shi Q, Li D, Ju X (2017). Migration ability and Toll-like receptor expression of human mesenchymal stem cells improves significantly after three-dimensional culture. Biochem. Biophys. Res. Commun., 491(2): 323–332. https://doi.org/10.1016/j.bbrc.2017.07.102

			Zhou Q, Cao C, Bao Y, Sun T, Yao Adzraku S, Hao X, Li Y, Yuan S, Huang Y, Xu K, Qiao J, Ju W, Zeng L (2024). Macrophage depletion damages hematopoiesis partially through inhibition of cell homing and expansion after hematopoietic cell transplantation. Int. Immunopharmacol., 130: 111760. https://doi.org/10.1016/j.intimp.2024.111760

			Zhou S, Liu YG, Zhang Y, Hu JM, Liu D, Chen H, Li M, Guo Y, Fan LP, Li LY, Zhao M (2018). Bone mesenchymal stem cells pretreated with erythropoietin enhance the effect to ameliorate cyclosporine A-induced nephrotoxicity in rats. J. Cell. Biochem., 119(10): 8220–8232. https://doi.org/10.1002/jcb.26833

			Zhu X, Yue M, Zhang X, Han Y, Xia R, Zhang Q, Mao Y, Guan X (2025). Global disease burden of immune-mediated inflammatory diseases (IMIDs), 1990–2021. Med. Res., 1(2): 285–296. https://doi.org/10.1002/mdr2.70018

			Zou X, Jiang K, Puranik AS, Jordan KL, Tang H, Zhu X, Lerman LO (2018). Targeting murine mesenchymal stem cells to kidney injury molecule-1 improves their therapeutic efficacy in chronic ischemic kidney injury. Stem Cells Trans. Med., 7(5): 394–403. https://doi.org/10.1002/sctm.17-0186

		

	OEBPS/image/Image60796691.png
Records identified from":
Scopus (n = 83)
Web of Science (n=85)
Total (n = 168)

Records removed before

screening.
Duplicate records removed
(=5

Records screened
(n=163)

Records excluded"”
<2014 (n=70)
Non English (n =4)
Review Articl (i
Book Chapter (n =2)
Abstract Book (n= 1)
Conference (n

Reports sought or retrieval Reports not retreved
(=72) (0=5)

Reports assessed for elgbi

e oy Reports excluded:

Fulltext out of focus (n = 10)

Studies included in review
(n=57)






OEBPS/image/1.png
OPEN aACC ESS Journal of Animal Health and Production

Gheck for
updates.

Special Issue:
Emerging and Re-emerging Animal Health Challenges in Low and Middle-Income Countries

Decoding Mesenchymal Stem Cell Homing to Inflamed Organs: A
Cross-Organ Systematic Review of Cytokine Gradients, Chemokines,
and Surface Receptors

WawiD PURWATININGSIH?, FEDIK ABDUL RANTAM®#*, AULANNI’AM AULANNTAM®, Lucia Tri
SuwanT1®, HANT PLUMERIASTUTT?, ERMA SAFITRI®, IRA SART YUDANIAYANTI’, BOEDI SETIAWAN®

"Doctoral Program in Veterinary Science, Faculty of Veterinary Medicine Universitas Airlangga, Kampus C Unair,
JI. Dharmahusada Permai No.1, Mulyorejo, Surabaya, 60115, East Java, Indonesia; ILaéaratar_y of Veterinary
Biochemistry, Faculty of Veterinary Medicine, Universitas Brawijaya, Puncak Dieng Eksklusif, Kalisongo, Dau,
Malang, 65151, East Java, Indonesia; jLaéamtnr_y of Virology and Immunology, Faculty of Veterinary Medicine,
Universitas Airlangga, Kampus C Unair, Jl. Dharmahusada Permai No.1, Mulyorejo, Surabaya, 60115, East
Java, Indonesia; *Institute of Tropical Disease, Universitas Airlangga, Kampus C Unair, JI. Unair, Mulyorejo,
Surabaya, 60286, East Java, Indonesia; SLaéomtar_y of Biochemistry, Faculty of Science, Universitas Brawijaya,
JL. Veteran, Ketawanggede, Lowokwaru, Malang City, 65145, East Java, Indonesia; 6Laboratory of Veterinary
Parasitology, Faculty of Veterinary Medicine, Universitas Airlangga, Kampus C Unair, JI. Dharmahusada Permai
No.1, Mulyorejo, Surabaya, 60115, East Java, Indonesia; 7Labomtory of Veterinary Pathology, Faculty of Veterinary
Medicine, Universitas Airlangga, Kampus C Unair, JIl. Dharmahusada Permai No.1, Mulyorejo, Surabaya,
60115, East Java, Indonesia; ‘gLaéamtar_y of Veterinary Reproduction, Faculty of Veterinary Medicine, Universitas
Airlangga, Kampus C Unair, JI. Dharmahusada Permai No.1, Mulyorejo, Surabaya, 60115, East Java, Indonesia;
gD.epartment of Veterinary Clinic, Faculty of Veterinary Medicine, Universitas Airlangga, Kampus C Unair, JI.
Dharmahusada Permai No.1, Mulyorejo, Surabaya, 60115, East Java, Indonesia.

Abstract | Chronic inflammatory diseases contribute substantially to global mortality and demand cell-based
therapeutic strategies that are not only immunomodulatory but also capable of precise, stable, and sustained homing to
target organs, while mechanistic evidence across organs remains fragmented. This study aimed to synthesize empirical
evidence on the mechanisms by which mesenchymal stem cells (MSCs) sense inflammatory signals, the key cytokines/
chemokines involved, and the surface receptors that regulate homing to inflamed organs. A systematic literature review
was conducted using a Population, Intervention, Comparison, Outcome (PICO) framework using Scopus, Web of
Science, and ScienceDirect databases, with standardised keywords. Study selection was facilitated by Parsif.al, applying
predefined inclusion—exclusion criteria and methodological quality assessment using the Mixed Methods Appraisal
Tool (MMAT 2018), followed by structured data extraction and narrative thematic synthesis. From 168 records, 57
experimental studies were included. These indicate that MSC homing is predominantly governed by the SDF-1/
CXCL12-CXCRA4 axis, which is potentiated by hypoxic and inflammatory conditions, alongside the roles of IL-1,11.-
6, TNF-q,IFN-y,1L-10, TGF-B, CCL2, chemerin,and CCL5, and the secretion of VEGE, HGF, TSG-6, and MMPs
for tissue repair and matrix remodelling. Receptors including CXCR4, CXCR7, CCR2, CXCR1, CCR1, ChemR23,
integrins, ICAM-1, VCAM-1, CD44/HCELL, PDGFR, and c-Met shape an organ-specific “homing signature”. The
concept of MSC “homing competence” supports the design of preconditioning strategies, route selection, and receptor
engineering to achieve safer, more effective, clinically translatable and personalised therapies for inflammatory diseases.
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