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Summary 
Recently published studies suggest that the paracrine substances released by mesenchymal 
stem cells (MSCs) are the primary motive behind the therapeutic action reported in these cells. 
Pre-clinical and clinical research on MSCs has produced promising outcomes. Furthermore, 
these cells are generally safe for therapeutic use and may be extracted from a variety of 
anatomical regions. Recent research has indicated, however, that transplanted cells do not 
live long and that the advantages of MSC treatment may be attributable to the large diversity 
of bioactive substances they create, which play a crucial role in the control of essential 
physiological processes. Secretome derivatives, such as conditioned media or exosomes, may 
provide significant benefits over cells in terms of manufacture, preservation, handling, longevity 
of the product, and potential as a ready-to-use biologic product. Despite their 
immunophenotypic similarities, the secretome of MSCs appears to vary greatly depending on 
the host's age and the niches in which the cells live. The secretome's effect on multiple 
biological processes such as angiogenesis, neurogenesis, tissue repair, immunomodulation, 
wound healing, anti-fibrotic, and anti-tumor for tissue maintenance and regeneration has been 
discovered. Defining the secretome of cultured cultivated MSC populations by conditioned 
media analysis will allow us to assess its potential as a novel treatment approach. This review 
will concentrate on accumulating data from pre-clinical and clinical trials pointing to the 
therapeutic value of the conditioned medium. At last, the necessity of characterizing the 
conditioned medium for determining its potential for cell-free treatment therapy will be 
emphasized in this study. 
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Introduction 

Stem cell-based therapies present potential therapeutic options for the treatment of more 

complex medical conditions because, unlike traditional pharmaceutical treatments, stem cells 

function through several pathways (multi-target therapy). Because of their ability to self-renew 

and differentiate into numerous cell lineages, stem cells are at the forefront of new therapeutics 

[1]. Embryonic stem cells and somatic stem cells are the two types of stem cells. Hematopoietic 
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stem cells (HSCs) and mesenchymal stem cells (MSCs) are examples of somatic stem cells [2]. 

The International Society for Cellular Therapy's Mesenchymal and Tissue Stem Cell 

Committee has established the minimum criteria for defining human MSCs [3]. One of the 

criteria is that when grown under typical growth conditions, MSCs adhere to plastic. MSCs 

express CD105, CD73, and CD90 but not CD45, CD34, CD14, or CD11b, CD79a, or CD19, 

or HLA-DR surface molecules. Last but not least, in vitro, MSCs exhibit osteogenic, 

adipogenic, and chondrogenic plasticity [4-6].  

MSC activity appears to be mediated by a 'hit and run' process rather than engraftment 

in wounded tissues, indicating that MSCs primarily operate through bioactive substances [7-8]. 

MSCs are known to produce a variety of protective bioactive substances (secretome), which 

include cytokines, chemokines, cell adhesion molecules, lipid mediators, interleukin (IL), 

growth factors (GFs), hormones, exosomes, microvesicles, and others. These factors have been 

identified as key players in tissue healing and regeneration due to their paracrine effects that 

facilitate cell-to-cell communication. These secreted molecules, collectively known as the 

secretome or conditioned media (CM), serve an important role in modulating cross-talk contacts 

between cells and adjacent tissues to mediate a biological function [9].  

Following MSC in vitro development in the laboratory, the cells tend to release a 

collection of bioactive substances into the culture medium, which is now known as the MSC 

conditioned media (MSC-CM) or the MSC secretome. A CM containing bioactive substances 

can have tissue-protective (anti-apoptotic, anti-inflammatory, anti-scarring), 

immunomodulatory, angiogenic, or anti-tumorigenic effects on the recipient [10,11].  

The MSC-CM refers to the collection of chemicals secreted by stem cells such as 

proteins, microRNA, growth factors, antioxidants, proteasomes, and exomes, and it is thought 

to be a rich source of paracrine elements [12-14]. VEGF, SCF, HGF, IGF 1, IGF2, and SDF1 

are frequent paracrine factors produced during in vitro stem cell development [15].  

MSC-CM also contains extracellular vesicles (EVs) as a payload of diverse proteins, 

coding and non-coding RNA, short RNAs, autophagosomes, and mitophagosomes. Apoptotic 

bodies, microparticles, and exosomes are three types of EVs [16].  

Characterization of the MSC-CM is critical since its therapeutic potential has been 

linked to cytokine combinations and their associated paracrine actions. Molecular 

investigations of MSC-CM can reveal crucial therapeutically active components that can be 

isolated and exploited further. Furthermore, recognizing the methods by which such important 

components exercise their therapeutic benefits would be of particular importance [17].  



When a cell defect occurs, it secretes paracrine factors, resulting in a paracrine factor 

gradient between the diseased region and stem cell niches. This gradient would attract stem 

cells to the afflicted organ, which would then develop into organ-specific cells, facilitating the 

process of tissue regeneration. The scientific community believes that adding conditioned 

medium obtained from mesenchymal stem cell cultures to an afflicted organ will aid in raising 

the paracrine gradient, resulting in a faster tissue regeneration process. MSC-CM might be 

employed as an alternative to the cell-based therapeutic strategy based on the notion of 

paracrine signaling [15].  

 Because MSC-CM is cell-free, one important advantage of employing CM is its 

immunological compatibility for the recipients; as a result, a donor-recipient match, which is a 

requirement in cell-based treatment, is not necessary. In contrast to using stem cells, which need 

sterile circumstances during the application process to the patient, the application technique of 

MSC-CM does not require such regulated settings, which increases the simplicity of use. 

Preparation of CM would decrease the time required for stem cell multiplication, resulting in 

cost efficiency compared to mass manufacturing [14]. Frozen or lyophilized and well-packaged 

forms of CM would ease transportation needs by eliminating the need for cryopreservation, 

which is presently the technique of preservation employed in cell-based treatment. In 

comparison to traditional cell-based therapeutic approaches, the preserved CM would provide 

convenient and easy access to regenerative medicine [14,18].  

Although distinct MSC populations exhibit similar phenotypic traits and therapeutic 

potential, they inhabit diverse anatomic regions, and their secretome is expected to differ. There 

are differences in therapeutic potential based on the origin of the MSCs [19-21]. MSCs have 

been shown to differ significantly in their gene expression patterns and, not surprisingly, in 

their secretome profile, with the differences attributed to the MSCs’ source, the host’s age, and 

the culture medium in which they are propagated [20-22].  

The goal of this review is to cover some of the pre-clinical, and clinical research that 

looked at the MSC secretome as a therapeutic option with the larger goal of developing a viable 

cell-free based therapy. The application of MSC-CM in regenerative medicine is still in its 

infancy, hence it is necessary to develop suitable animal models to study how MSC-CM affects 

the process of regeneration. Most notably, when implementing MSC-CM-based treatment, the 

fundamental question that must be addressed is the confirmation of its safety and therapeutic 

efficacy in people. 

 

 



Secretome Identification Techniques 

Although many issues about the intricate components of MSC-CM remain unanswered, 

efforts are being made to identify and describe the secretome from various MSC sources. Shot-

gun and immunological tests are the two most often used modern proteomics techniques for 

defining the MSC-CM [23]. Immunological tests have good specificity, sensitivity, and 

repeatability when it comes to a wide variety of known proteins. Antibody-based methods such 

as enzyme-linked immunosorbent assay (ELISA), Luminex antibody bead-based array, 

microarray, western blotting, and cytokine antibody array may detect and quantify these 

proteins. The shotgun technique to proteomics is more exploratory in nature, yet it aids in the 

identification of any unknown and unique secreted proteins. Accessing publicly available 

datasets, employing bioinformatics tools, and doing pathway analysis can help establish the 

role of such unusual proteins. Gel-based methods such as 2-D gel electrophoresis (2-DE), liquid 

chromatography with tandem mass spectrometry (LC-MS/MS), stable isotope labeling by 

amino acids in cell culture (SILAC), matrix-assisted laser desorption/ionization-time of flight 

(MALDI-TOF), MS/MS, quadrupole time-of-flight mass spectrometry (QTOF-MS), and others 

are used in shotgun approaches [24-26].  

 

Manufacturing Options 

The primary aspects of MSC-CM preparation are stem cell isolation and growth, 

followed by CM collection and storage. Tissue origin influences the types of paracrine factors 

produced. As previously noted, the most appropriate stem cell type may differ based on the 

paracrine components necessary for the treatment of certain disorders. Allogenic MSCs are 

preferable to autologous MSCs since CM may be prepared by these people ahead of time. 

Allogenic MSCs may be prescreened for pathogens, and huge quantities of secretory profiles 

can be acquired. This also enables control over the quality of CM derived from allogeneic 

MSCs. Immunogenic antigens are absent in CM since they are produced from immunogen-free 

MSCs. As a result, the immunogenicity of CM derived from allogenic MSCs is of minor 

relevance. However, the prevalence of batch-to-batch fluctuation due to donor reliance is a 

serious problem while manufacturing MSC-CM. Immortalized stem cell lines can be created to 

overcome phenotypic alterations that may occur during long-term cultivation. This will enable 

the bulk production of MSC-CM while still maintaining MSC properties. MSCs obtained from 

dental pulp were immortalized by adding the human papillomavirus genes E6 and E7, as well 

as the hTERT genes [27].  



To obtain a therapeutically adequate number of isolated MSCs, their multiplication in 

tissue culture flasks is performed in the laboratory. These flasks have surface areas of 25, 75, 

150, and 225 cm2. Larger bioreactors, however, are necessary for the mass production of CM. 

Roller bottles, multilayered cell factories, hollow fiber, packed beds, and stirred suspension 

bioreactors are some of the most often utilized bioreactors for the generation of clinical-grade 

stem cells [28].  

To improve the neuroregulatory characteristics of human bone marrow stem cells 

(hBMSCs), MSC-CM was collected in computer-controlled stirred suspension bioreactors. The 

implementation of a dynamic bioreactor allowed for the manipulation of variables such as pH, 

temperature, and oxygen concentration, resulting in a greater level of differentiation of stem 

cells [29].  

In this review, we address 10 recently published studies concerning the investigation of 

MSC-CM as a possibility for the future treatment of several different disorders (Table 1). From 

the total number of reviewed reports, 6 were in pre-clinical stages, utilizing animal models, and 

4 of the reports were performed at the clinical stage, focused on efficacy and safety in humans 

and the ability of MSC-CM to be applied in regenerative medicine practices.   

 

Table 1. Overview of the studies employing MSC-CM for therapeutic purposes in specific 

scenarios. 

Authors Trial Stage Model Type Disease Year 

Leeman et al [30] Pre-clinical cells, mouse bronchopulmonary dysplasia 2019 

Takeuchi et al. [31] Pre-clinical rat calvaria bone lesion 2019 

Gregorio et al. [32] Pre-clinical cells, mice diabetic polyneuropathy 2020 

Yang et al. [33] Pre-clinical cells, mice non-alcoholic fatty liver disease 2021 

Dorronsoro, et al. [34] Pre-clinical cells, mice aging 2021 

Sun et al. [35] Pre-clinical cells, mice cancer 2021 

Harell et al. [36] Clinical cells, mice, human chronic obstructive pulmonary disease 2020 

Zhang et al. [37] Clinical cells, mice, human systemic lupus erythematosus 2019 

Oh et al. [38] Clinical cells, human androgenetic alopecia 2020 

Dahbour et al. [39] Clinical human multiple sclerosis 2017 

 

Pre-Clinical Reports utilizing MSC-derived CM  

The pre-clinical research results have shown that MSC secretome has therapeutic 

potential for treating a wide range of morbidities. To name a few of the MSC-CM applications 



reviewed in this study, they include bone regeneration, anti-aging, bronchopulmonary dysplasia 

(BPD), diabetic polyneuropathy (DPN), and others.  

Leeman et al. published a pre-clinical study, which shows that MSC-secreted factors 

have a direct influence on lung progenitor cell development. In this study, MSC-CM was 

sufficient to induce alveolar organoid development, indicating that the reaction is most likely 

due to soluble substances produced by MSCs [30].  

Normal functioning of alveolar stem/progenitor cells is likely required for effective 

healing. The development of lung disease is influenced by lung epithelial cell injury and 

defective restoration. In a mice model of bronchopulmonary dysplasia (BPD), for example, we 

found that MSCs protect against hyperoxic lung damage by increasing the amount of Epcam+ 

Sca-1+ distal lung epithelial cells. In three-dimensional (3D) organoid preparations, these cells 

can differentiate into both small airway (CCSP+) and alveolar (SPC+) epithelial cells. Leeman 

and their team introduced MSCs to lung progenitor 3D preparations to better understand the 

interactions between MSCs and distal lung epithelial cells. MSCs induced the production of 

Epcam+ Sca-1+ derived organoids, enhanced alveolar differentiation, and reduced self-

renewal. Based on several animal models of lung damage and MSC therapies, MSC-CM has 

been suggested to be therapeutic activators of lung healing. MSC-secreted factors may help to 

prevent illness by replacing damaged signals and activating endogenous epithelial progenitor 

cells to repair damaged epithelium [30].  

The presented results show that MSC-CM may substitute the signals of hyperoxic 

damage effects, activating alveolar progenitor repair in a mouse model of BPD. The presence 

of TSP1 in MSC supernatant, together with earlier findings of K. Leeman’s research group, 

confirms that TSP1 is one mechanism by which MSCs might influence alveolar differentiation 

[40]. Their findings provide light on the mechanics of lung stem cell alveolar differentiation 

and open the door to the investigation of innovative treatment approaches to enhance healing 

by stimulating endogenous progenitor cells. The effectiveness of an in vitro system for 

examining factors that drive changes in differentiation patterns is emphasized. These findings 

suggest that in the context of lung injury, incorrect supporting cell communication to alveolar 

progenitors may occur, which may be corrected by MSC-secreted signals [30].  

To assure safety and efficacy, more research is needed to investigate the role of these 

putative secreted components. 

Takeuchi's group used exosomes from a conditioned medium of bone marrow-derived 

mesenchymal stem cells (BMSCs) to stimulate bone regeneration by boosting angiogenesis in 

a rat model with a calvaria bone lesion. Exosomes (Exo), which are components of MSC-CM, 



convey genetic information to the cells being stimulated and improve recipient cellular 

paracrine stimulation, which aids in tissue regeneration [31]. 31 

The researchers created three groups: MSC-Exo, MSC-CM, and Exo-antiVEGF (MSC-

Exo with angiogenesis inhibitor), and they investigated the osteogenic and angiogenic 

capabilities of MSCs in vitro. Furthermore, they employed a rat model of calvaria bone 

deficiency and implanted Atelocollagen sponges (Terudermis1, Olympus Terumo Bio-

materials Corp., Tokyo, Japan) used as a scaffold, soaked with each sample as per previously 

described treatment groups. Bone development examinations were performed at the 2 and 4-

week mark. The results show that in vitro MSC-Exo improved cellular migration and 

osteogenic and angiogenic gene expression in MSCs when compared to other groups. In vivo, 

the study confirms an early bone formation by MSC-Exo. Histologically, the MSC-Exo group 

had a significant buildup of osteoblast-like cells and vascular endothelial cells; whereas, the 

Exo-antiVEGF and control groups had fewer cells. Two and four weeks after implantation, 

disparities in the region between the MSC-Exo group and the Exo-antiVEGF or control groups 

were significantly expanded. The in vitro results also suggest that MSC-Exo increased the 

expression of not only osteogenesis-related genes but also angiogenesis-related genes including 

VEGF, ANG 1, and ANG2, but Exo-antiVEGF lowered the expression of these genes [31]. 

These findings imply that MSC-Exos have a great osteogenic capacity. MSC-CM exosomes 

may play essential roles in bone regeneration by increasing angiogenesis in the early phases. 

MSC-Exo can also be employed as a bioactive agent for bone repair, according to the findings 

of Takeuchi et al. [31].  

Because of MSCs' high plasticity, it has been reported that by subjecting these cells to 

an in vitro preconditioning stimulus, it is possible to modify the MSC-conditioned medium 

baseline composition, resulting in a biological product with a defined combination and ratio of 

biomolecules specific for a specific pathology [41-42]. Gregorio et al. recently reported that 

preconditioning human adipose tissue-derived mesenchymal stem cells (AD-MSCs) with the 

hypoxic mimetic agent deferoxamine (DFX) in vitro resulted in a significant increase in the 

secretion of potent antioxidant, neuroprotective, angiogenic, and anti-inflammatory factors 

compared to non-preconditioned cells. Furthermore, when tested in an in vitro model of 

Diabetic polyneuropathy (DPN), the conditioned medium obtained from DFX preconditioned 

cells had stronger neuroprotective benefits than the conditioned medium obtained from non-

preconditioned MSCs [43].  

DPN is the most prevalent and early occurring consequence of diabetes mellitus, and a 

major contributor to the development of foot ulcers (FU), for which no particular medications 



are available. DPN is a clinical consequence of diabetes that progresses from functional 

peripheral nerve deficits in the early stages to structural alterations in the later stages [44].  

Gregorio et al. investigated whether systemic administration of conditioned medium 

derived from DFX-preconditioned human AD-MSCs or non-preconditioned AD-MSCs was 

capable of reversing multiple functional and physical changes associated with DPN and 

preventing the development of foot ulcers (FU) in BKS db/db mice [32].  

DFX has the advantage of having been used in humans for over thirty years with no 

adverse effects to treat iron overload conditions, and it was already proven that due to its small 

size, it could be completely removed from the final product in the concentration steps before 

intravenous administration into animals [45].  

The administration of conditioned media of DFX-preconditioned, non-preconditioned 

ADMSCs or saline (control group) was repeated every two weeks for a total of four treatments, 

and numerous functional and structural characteristics of DPN were examined. Ultimately, the 

rate of wound healing, re-epithelialization, angiogenesis, and cell proliferation were studied on 

the dorsal surface of both feet. The data presented show that systemic administrations of 

conditioned medium derived from DFX-preconditioned MSCs and non-preconditioned MSCs 

considerably relieved thermal and mechanical hypoalgesia in diabetic mice, thereby restoring 

the normal sensitivity limits compared to untreated diabetic mice. 

Furthermore, in vivo, treatment of conditioned media produced from DFX-

preconditioned AD-MSCs or non-preconditioned AD-MSCs dramatically decreased neuron 

and Schwann cell death. The administration of a conditioned medium derived from DFX-

preconditioned AD-MSCs, which is significantly enriched in angiogenic factors, induced a 

better angiogenic response compared to non-preconditioned AD-MSC-conditioned medium-

treated animals. The findings suggest that administering MSCs modifies the inflammatory 

response by altering the cytokine profile toward an anti-inflammatory phenotype [32].  

This study suggests that the cocktail of bioactive mediators found in the conditioned 

medium of AD-MSCs may be a great and new treatment strategy for reversing the early stages 

of DPN, preventing the development of FU, and lowering the risk of lower limb amputation. 

MSC-CM is a promising therapy option for another diabetic comorbidity; according to 

Dr. Yang's research, MSC-CM has a high potential in the treatment of non-alcoholic fatty liver 

disease (NAFLD). MSC-CM not only restored insulin resistance and sensitivity in T2DM mice, 

but it also alleviated liver dysfunction and dyslipidemia. MSC-CM also decreased liver 

inflammation and cell death while increasing antioxidant capacity by preserving mitochondrial 



activity. MSC-CM increased mitochondrial activity in the liver while decreasing inflammation 

and apoptosis in both in vivo and in vitro studies [33].  

Diabetes-associated NAFLD is caused by excessive lipid buildup in the liver, and the 

presence of NAFLD is a signal of insulin resistance, which is a prominent feature of T2DM. 

The molecular processes underpinning the progression from steatosis and steatohepatitis to 

severe liver disease are not completely clarified, however, mitochondria have been shown to 

play an important part [46,47].  

Yang et al. investigated the link between MSC-CM, NAFLD, and Sirtuin 1 (SIRT1) and 

discovered that MSC-CM may function as an agonist of SIRT1, considerably upregulating the 

expression level of SIRT1 in liver cells, thus improving NAFLD. In brief, the current findings 

showed that MSC-CM effectively decreased NAFLD by improving mitochondrial biological 

processes, decreasing inflammation, and preventing cell apoptosis both in vivo and in vitro and 

that these beneficial effects were strongly linked with SIRT1 upregulation. 

MSC-CM decreased insulin resistance in diabetic mice, altered the diseased structure of 

the liver, increased overall antioxidant abilities and mitochondrial activity, and decreased 

inflammation and cell death. The researchers also confirmed that SIRT1 was important in 

mediating the protective effect of MSC-CM. These findings give new evidence that MSC-CM 

can therapeutically treat T2DM patients with NAFLD [33].  

The research team of Dr. Dorronsoro investigated MSC-CM application in anti-aging 

effects of BMSCs and EVs derived from BMSCs and human embryonic stem cell-derived 

MSCs (hESC- MSC). Aging is characterized by a decrease in regenerative capacity, which 

results in a reduced ability to adapt to stress and, as a result, increased morbidity and mortality. 

This contributed to the theory that aging is caused in part by the loss of function of adult stem 

cells required for tissue homeostasis management. Indeed, mice above the age of two exhibit a 

considerable decrease in the quantity and proliferative potential of many different adult stem 

cells. 

The researchers have previously disclosed that aging has a negative impact on muscle-

derived stem/progenitor cells (MDSPC). MDSPCs isolated from old and Ercc1/progeroid mice 

display decreased proliferative ability and decreased differentiative capacity, and this 

dysfunction leads directly to age-related deterioration, given that transplantation of young 

MDSPCs extended longevity and life span in ERCC1-deficient progeroid mouse models. 

Transplanted MDSPCs did not differentiate or move from the site of administration, suggesting 

that the therapeutic action of MDSPCs is controlled by systemic secreted factors. Similarly, the 

co-culture of youthful MDSPCs with old MDSPCs resulted in the renewal of old MDSPC 



proliferative and differentiative capacity, although the variables responsible for the 

rejuvenation of aged MDSPCs remained unresolved [48]. The most recent findings revealed 

BMSCs from young animals, as well as lineage-directed hESC-derived BMSC surrogates, as a 

unique source of EVs with senotherapeutic potential. The researchers show that transplanting 

BMSCs from young mice, but not from elderly mice, increases life duration and health span in 

ERCC1-deficient animals. Furthermore, CM from youthful BMSCs restored the function of 

old, senescent stem cells and senescent murine embryonic fibroblasts (MEFs) in culture. 

Furthermore, the senotherapeutic action of CM was co-purified with EVs generated by young, 

but not old, MSCs and muscle-derived stem/progenitor cells (MDSPC). Importantly, IP 

injection of EVs from BMSCs from young mice increased the life duration of ERCC1-deficient 

animals [34]. Treatment with EVs isolated from human embryonic stem cell-derived MSCs 

(hESC-MSC) was also capable of substantially decreasing the expression of senescence 

markers in cultured senescent fibroblasts in addition to naturally aged wild-type and Ercc1/ 

mice, as well as enhancing healthspan measures in vivo. These ground-breaking findings 

revealed EVs as crucial components secreted by youthful, functioning stem cells that can 

reverse cellular senescence and stem cell failure in vitro as well as decrease senescent cell load 

in vivo. As a result, functional stem cell-derived EVs constitute a possible treatment strategy 

for reducing senescent cell load and extending good health [34].  

A study report was published, in which authors induced tumor-suppressing (iTS) MSCs, 

which then protected bone from breast cancer metastases formation. Sun et al.'s work provides 

an MSC CM-based treatment approach that inhibits not only tumor growth but also osteoclast 

production. While this work used in vitro, ex vivo, and in vivo, models with breast and prostate 

cancer cells, the response to MSC CMs and the degree of inhibitory effects may vary depending 

on cancer cell type, hormone receptor status, and p53 mutations. It will also be interesting to 

see whether any other genes can be overexpressed to create iTS cells and if those alternatives 

have any particular efficacies. It's also worth wondering if the selected genes can convert other 

cells besides MSCs to iTS cells. In summary, the gene overexpression strategy and systemic 

delivery of MSC CMs significantly prevented the development of mammary tumors and tumor-

induced osteolysis in the two mice models. Further research is needed to understand the 

regulatory basis of altered MSC activity and to assess the viability of clinical translation for the 

treatment of tumor-invaded bone [35].  

This study found that by overexpressing Lrp5, -catenin, Snail, or Akt, MSCs might 

become tumor suppressors. Amplification of these genes increased the levels of Hsp90ab1, 

calreticulin, Ppib, Trail, and p53 in their CMs while decreasing tumor-promoting cytokines 



including CXCL2 and LIF as well as PDL1, a target of anti-PD1 immunotherapy. Systemic CM 

injection inhibited the development of breast tumors as well as tumor-induced bone loss. 

Furthermore, these CMs prevented osteoclastogenesis by downregulating NFATc1, a master 

transcription factor for osteoclastogenesis, as well as cathepsin K, a bone degradation protease. 

More research is needed to understand the regulatory foundation for altered MSC activity and 

to assess the viability of clinical translation into the therapy of tumor-invaded bone [35].  

 

Clinical Reports utilizing MSC-derived CM  

In this paper, we analyze three published data from clinical trials using MSC-CM, 

focusing on the safety of this unique treatment method and its potential impact on several 

disorders. The first clinical study to discuss was published by Harell et al., who looked at the 

possibility of MSC secretome for the treatment of inflammatory lung illnesses such as chronic 

obstructive pulmonary disease (COPD). They studied the effects of a newly developed MSC-

derived product "Exosome-derived Multiple Allogeneic Protein Paracrine Signaling (Exo-d-

MAPPS)" in the reduction of chronic airway inflammation using an animal model of chronic 

obstructive pulmonary disease (COPD) (induced by chronic exposure to cigarette smoke (CS)) 

and clinical data obtained from Exo-d-MAPPS-treated COPD patients, because most of the 

MSC-mediated beneficial outcomes were the result of their paracrine activity. For these 

reasons, Exo-d-MAPPS was given intraperitoneally to mice and inhaled by COPD patients [36]. 

 To summarize, we feel that Exo-d-MAPPS might be a potentially novel therapeutic 

agent in the treatment of chronic inflammatory lung disorders and that its safety and 

effectiveness need to be investigated further in major clinical studies [36].  

In summary, the data suggest that the primary mode of action for Exo-d-MAPPS-based 

COPD relief was dependent on the anti-inflammatory effects of soluble messengers (sTNFRI 

and II, IL-1Ra, and sRAGE), which blocked the influx of inflammatory leukocytes while 

assisting the expansion of immunosuppressive cells in the lungs. Changes in the cellular 

constitution of the lungs lead to the formation of an anti-inflammatory milieu, allowing for 

greater tissue repair and regeneration as well as improved pulmonary activity in CS-exposed 

mice and COPD patients. The researchers also believe that sTNFRI, sTNFRII, and IL-1Ra, 

which were abundant in the Exo-d-MAPPS sample, contributed to the lower serum levels of 

TNF- and IL-1, as well as the considerably decreased levels of inflammatory TNF-producing 

macrophages and TNF- and IL-1-producing neutrophils in the lungs of CS+Exo-d-MAPPS-

treated animals. The data also show that the reduction of T cell-driven airway inflammation as 

well as damage of alveolar epithelial cells seen in CS+Exo-d-MAPPS-treated animals was 



caused by the Exo-d-MAPPS-induced expansion of lung-infiltrated IL-10-producing 

macrophages, DCs, and Tregs, as well as elevated serum IL-10 levels. Exo-d-MAPPS therapy 

dramatically improved the pulmonary status and quality of life of COPD patients, as 

demonstrated in an animal model. Importantly, Exo-d-MAPPS was well tolerated, as none of 

the 30 COPD patients experienced any side effects after receiving Exo-d-MAPPS [36].  

Next clinical trial to discuss delivered interesting data regarding the application of MSC-

CM in the treatment of systemic lupus erythematosus (SLE).  Apoptotic cell (AC) clearance 

failure has been implicated in the etiology of SLE. MSCs show promising therapeutic benefits 

in SLE, although it is uncertain if MSCs phagocytose ACs and contribute to the underlying 

process in SLE therapy [37]. Buildup ACs contribute to autoantigen exposure to the immune 

system, which eventually results in autoimmunity such as SLE. 

Zhang et al. demonstrated that umbilical cord MSCs (UCMSCs) could engulf ACs and 

that these MSCs displayed improved immunosuppressive action via the activation release of 

prostaglandin (PG)E2, which engaged the NF-B signaling pathway. Additionally, after MSC 

transplantation, individuals with SLE with reduced ACs had higher levels of PGE2 metabolites 

(PGEM). Both modes of action are depicted in Figure 1. The researchers observed that 

UCMSCs could consume ACs both in vitro and in vivo. Furthermore, phosphatidylserine 

(PtdSer), the best studied 'eat me' signal during phagocytosis, facilitated the contact amongst 

UCMSCs and ACs, confirming phagocytosis as a shared activity of MSCs. Thus, the 

transplantation of UCMSCs, a new non-professional phagocyte, might offer a different path to 

improve AC elimination during the therapy of SLE, where poor clearance of ACs was found 

and related to the breakdown of self-tolerance. The data reveals that after being subjected to 

ACs, MSCs secreted significantly more PGE2. PGE2 is an essential mediator in MSC 

immunoregulatory actions, particularly T cell proliferation inhibition, T cell and DC 

differentiation, and cytokine generation [37].  

 

Fig. 1. Scheme of MSC promoting AC clearance and induction of immunosuppression. 



A modest rise was also found in the transwell condition when phagocytosis was 

prevented in this investigation. Thus, in addition to phagocytosis, there may be other substances 

released by ACs that encourage MSCs to create PGE2, which needed to be investigated further. 

The signaling mechanisms that relate AC engulfment to the production of anti-inflammatory 

mediators in professional phagocytes remain unknown. In the case of MSCs, it was discovered 

that activation of the NF-B signaling pathway was essential for the amplification of 

COX2/PGE2 when ACs were consumed. 

Importantly, after MSC therapy, individuals with lower ACs had greater PGEM levels. 

Thus, more research and clinical trials are needed to determine if PGEM can be used to predict 

the success of MSC therapy in SLE [37].  

The purpose of the investigation, performed by Oh et al., was to evaluate the use of 

conditioned medium (CM) obtained from human umbilical cord blood-derived MSCs (hUCB-

MSCs) for enhancing hair development and to create a methodology to dependably produce 

this optimal CM. The influences of primed MSC-derived CM (P-CM) with combinations of 

TGF-1 and LiCl on the cell viability of dermal papilla cells (DPCs) were compared. Moreover, 

clinical trials have revealed that 5% P-CM improved androgenetic alopecia by increasing hair 

density, thickness, and growth rate, indicating that this topical drug may be a unique and 

effective therapeutic option for individuals suffering from androgenetic alopecia [38].  

MSCs were initially subjected in vitro to an artificial environment resembling an 

alopecia condition in hair follicles ("priming") for pretreatment. Human hair follicles that have 

been afflicted by androgenic alopecia have significantly reduced vitality and proliferation. 

Dermal papilla cells (DPCs) on hair follicles regulate the hair follicle cycle by triggering cell 

proliferation signaling factors. DPC stimulus to restore hair induction has been suggested as a 

promising therapeutic for hair loss. In this investigation, we found that conditioned medium 

(CM) derived from MSCs primed with TGF-1 and LiCl increased DPC viability and hair 

development. MIF, which was released by primed MSCs, produced VEGF in DPCs by blocking 

GSK-3, which causes -catenin phosphorylation (Figure 2) [38].  



 

Fig. 2. Scheme of MSC-CM activity on DPC proliferation and hair follicle growth. 

 

In terms of density of hair, the benefits generated by 5% v/v P-CM therapy were 

considerably larger than those found in placebo-treated locations at 4, 8, and 16 weeks. The 

current study provides the framework for subsequent research, which will require a greater 

number of participants to corroborate the clinical data's inherent limitations. The results 

obtained show that MIF is essential for P-CM effects and acts as a critical regulator of the hair 

growth-related protein, VEGF, in DPCs. The -catenin and p-GSK-3 [SER9] signaling pathways 

facilitate this connection. These findings imply that P-CM can prevent hair loss and may be a 

viable treatment medication for hair restoration. Furthermore, the pilot clinical study findings 

indicate that P-CM produced from MSCs is a safe and efficient therapy for androgenetic 

alopecia. Emerging and future MSC-based combination therapies may usher in a new era in the 

treatment of androgenetic alopecia [38].  

Dahbour et al. report safely injecting the largest recorded dosage of autologous MSCs 

into MS patients through the intrathecal route in this experiment. For the first time in any human 

neurological illness, a cellular therapy approach was applied in this investigation. There were 

no significant adverse effects recorded following BMSC injection, with temporary localized 

discomfort and headache being the most prevalent symptoms. MSCs were provided promptly 

after growth in this investigation to prevent cell death caused by cryopreservation [39].  



It was not able to obtain statistical significance and make definitive findings due to the 

limited number and variability of included patients in terms of MS type, illness duration, and 

baseline Expanded Disability Status Scale (EDSS) score. A tendency of lower EDSS among 

individuals who failed initial first- or second-line treatment, with a rate of 60% stability or 

improvement, is favorable. The EDSS of two individuals decreased dramatically.  

Furthermore, while some patients improved in these outcome measures, their overall 

rating remained unchanged or worse. This could be due to (i) the heterogeneity of the patients 

who participated in terms of MS type, regions of concern, and magnitude, (ii) the different 

homing and therapeutic capacity of the MSCs administered, and (iii) the differing makeup of 

MSC- CM and the potential it has to reverse various disease aspects examined in this research 

[39].  

In conclusion, both BMSC and MSC-CM are safe and effective at regulating illness and 

reversing symptoms. The findings motivate us and others to do bigger clinical trials to more 

accurately assess the efficacy of MSCs and their MSC-CM, both together and separately. 

Research like this one, which looks at the cellular components utilized to treat MS, is essential 

for comprehending the various reactions in patients and improving results.  

A disadvantage of this cellular treatment for MS is the absence of a control group, which 

is owing to the clinical and pathological heterogeneity of MS patients, makes it impossible to 

locate a matched group [39].  

 

Discussion  

Recent research has shown that stem cells are effective in tissue mostly through the 

paracrine impact. The chemicals released by stem cells play an important function in 

modulating cross-talk interactions between the cells and the surrounding tissues [9,49]. Based 

on the paracrine signaling mechanism, MSC-CM, also known as the MSC secretome, is a rich 

source of paracrine factors and is being studied extensively for a variety of regenerative 

therapies including bone regeneration, stroke, myocardial infarction, hair growth, etc. 

The use of CM in tissue repair has been shown to alleviate problems found during stem 

cell treatment, such as transplantation rejection and hyperimmunogenicity. Because MSC-CM-

based therapy is still in its initial phases, a detailed analysis of the culture conditions, selection 

of suitable stem cell sources, evaluation of the number of paracrine factors, establishing a 

suitable dose, and addressing safety issues related to the use of MSC-CM has yet to be 

completed. Such research would confirm the significance of stem cell CM as a potential option 

in regenerative medicine. 



This new area of study already claims many significant benefits over cell-based applications: 

(a) uses protein administration rather than entire cell administration as a new treatment 

alternative in regenerative medicine (b) CM may be preserved for an extended length of time 

without the need of hazardous cryopreservatives such as DMSO (c) CM preparation is more 

cost-effective since it can be mass-produced from accessible MSC populations under cGMP 

conditions. (d) CM safety and efficacy evaluation will be considerably easier and equivalent to 

traditional pharmaceutical drugs [50].  

Lately, tissue engineering research has recommended the use of cell-free treatments due 

to the ability to circumvent the ethical difficulties associated with the use of entire cells. 

Furthermore, when implanted in vivo, MSCs have shown low survival [51-53]. MSCs, as 

previously documented, produce and release a variety of growth factors, proteins, and free 

nucleic acids into the CM. It was shown that PDLSC-derived CM includes a variety of 

cytokines, including interleukins and TGF-β. Exos and EVs in particular may play important 

roles in cell-free therapy [16,54,55]. MSCs release vesicles containing proteins, lipids, mRNA, 

microRNA, and cytokines. The materials within these vesicles are released into target cells, 

altering their activity and perhaps eliciting restorative processes [56]. Besides, because of their 

immunomodulatory properties, EVs are appropriate for both autologous and allogeneic 

treatments [57]. Finally, EVs are simple to obtain. They can be separated from MSCs of various 

sources. 

To properly use MSC-CM for a given problem, the paracrine elements involved in 

correcting the sick state must be thoroughly recognized. It should be emphasized that the 

optimal dose of the CM cocktail provided for different illnesses may differ since the homing 

signals of a sick organ may differ under different clinical settings. Furthermore, depending on 

the illness situation, the CM delivery mechanism must be adjusted. Aside from all of the above, 

the appropriate stem cell source that secretes the paracrine factors necessary for the individual 

disorders should be identified [58,59]. It is also vital to examine the modification of paracrine 

factor secretion of each individual in terms of the secretion of the concentration of paracrine 

factors to the medium when grown ex vivo. Information acquired from in vitro research on 

optimum treatment doses may be utilized to identify the personal responsibility of each 

individual to the supplemented MSC-CM and will be a necessity to further build a treatment 

strategy. Appropriate modulation of the secretion levels of paracrine substances can improve 

the efficacy of a certain therapy. Because of the short half-lives and the consumption of 

paracrine components within the body upon delivery, the dosage and frequency of CM must be 

carefully determined [29,60].  



The use of MSC-CM in regenerative medicine is in its early stages. To investigate the influence 

of MSC-CM on the regeneration process, appropriate animal models must be constructed. The 

key question that has to be answered when adopting MSC-CM-based treatment is its safety and 

therapeutic effectiveness validation in humans. According to research, treating tumor cells with 

human MSC-CM has the same potential for triggering tumor development as using stem cells. 

The study also demonstrated that the existence of stem cells in the body is not essential for 

MSC-mediated tumor development. The ineffectiveness of ultracentrifugation in removing 

tumorigenic effects suggests that the soluble chemicals present in CM spread tumor activity via 

a paracrine mechanism [61]. Additional research is needed to solve this issue. 

Thanks to so many MSC-based clinical studies approved by national authorities, gaining 

regulatory approval for cell-free treatment using MSC-CM should be quite simple. Yet various 

difficulties with MSC-CM must be resolved at this time. Some of these include a lack of cGMP-

compliant methods for MSC secretome production, storage, product shelf-life, product stability, 

and quality control parameters, all of which are required to prove the safety and efficacy of 

MSC-CM. Further investigations concentrating on the ideal protein content of the dosage, 

administration frequency, and injection volume might add to the therapeutic effectiveness of 

MSC-CM. 
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