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 Stem cells have an ability to differentiate into many types of cells and 

have been developed as therapeutic agent in regenerative diseases. Adult 

tissues such as bone marrow and adipose tissue are source of stem cells 

that have been developed as therapeutic agent. Recent study reported that 

stem cells secreted bioactive molecules that have a role in regeneration 

for tissue repairing. The potency of stem cells secreted factor as an 

alternative therapeutic agent should be explored. However, aged stem 

cells were suggested to influence their secreted factors. In this review, 

selected articles from Pubmed and others additional articles were 

resumed. Their secreted factor therapy using several types of techniques 

and terms including “secretome”, “conditioned medium” or “exosome” 

were extracted. Herewith, we reviewed the source of stem cells, 

secretome of aged cells, secretome as a novel alternative therapeutic for 

skin aging, and effect of vitamin C towards their secretome and aging. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Stem cells have a promising role as regenerative therapy proven by many reported studies from in vitro to 

clinical trials [1- 4]. This benefit of stem cells will require a reliable source of stem cells. Many applications 

of regenerative medicine applied stem cell therapy isolated from bone marrow, adipose tissue and umbilical 

cord, called mesenchymal stem cells (MSCs) [5]. MSCs have ability to differentiate into several types of 

cells including adipocyte, chondrocyte, and osteocyte [6]. Other study also reported that MSCs could be 

differentiated into other cell types depend on their microenvironment condition [7]. Those abilities raised 

MSCs as promising therapeutic agent for regenerative diseases. However, it is important to note that 

senescent or aging process of cell frequently happens due repetitive replication and adult source also [8]. 

The aging cell could be observed using light microscopy signed by a large cell in size [6], [8]. The aging 

cell seriously affected the function of cells and it decreased their capability [8], [9] so it might be concerned 

for therapeutic purpose. In addition, MSCs therapy that contain aging MSCs administered through 

intravenous possibly to induce emboli. To manage the cell shape and prevent aging process, antioxidant 

such as vitamin C (ascorbic acid) could be used as additional supplementation in culture medium [6], [8], 

[9]. Previous studies reported that vitamin C had a potency to prevent aging cell of adipose-derived stem 

cells (ADSCs) signed by the cell shape, cell number and viability and collagen type 1 expression as well 
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[8]. Thus, vitamin C might be useful as additional supplement for MSCs therapy from adult tissue source. 

Furthermore, bioactive molecules secreted from stem cells, named secretome also has been developed as 

alternative therapy [10], [11]. The MSCs secretome isolated from different tissue sources may present 

variation. Stem cell isolated from bone marrow or bone marrow mesenchymal stem cell (BMSC) had 

different in their secretion compared to ADSCs or human umbilical cord perivascular cell (HUCPVC). The 

different of secretome that has been evaluated including secretion of neurotrophic/neurogenic, axon 

guidance or growth, neurodifferentiative proteins, and neuroprotective protein against oxidative stress, 

apoptosis, and excitotoxicity. Those secretome involved in several injury processes or CNS disorder [12]. 

 

Based on those reports, we reviewed the MSCs secretome towards aging processes including secretome of 

aged cells, secretome as a novel alternative therapeutic for multiple sclerosis, and their effect towards 

supplementation of vitamin C as antioxidant. 

 

2. METHODS 

In this study, we performed “all text” with time restriction (10 years) searches on July 4, 2021, in Pubmed 

using keyword “conditioned medium” and “aging” involving “Free full text”, “journal article”, “case 

report”, “clinical study” as well as “English manuscript”. In addition, relevant existing articles in Google 

Scholar were added. Inclusion criteria were all experimental studies related to stem cell secretome. 

Exclusion criteria were studies that did not contain complete data related to secretome-aging and review 

study. 

 

3. RESULTS AND DISCUSSION 

We got 132 articles including review and experimental study (Figure 1). All study that met criteria about 

secretome, stem cell and aging were included. Based on those criteria, only 6 articles were included in our 

review. Thus, the additional articles were included related to the study to improve the discussion. 

 

 
Figure 1. Number of studies from 2011 to 2020 

  

3.1 Source of stem cells 

Stem cells can be isolated from adipose tissue as waste product of liposuction. [13] who the first one 

reported that adipose tissue contains a lot of stem cells number. Recent studies also reported that adipose 

tissue contained abundant and accessible source of adult stem cells compared to bone marrow. Stem cells 
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also can be obtained in other adult tissues such as skeletal muscle, peripheral blood, brain, spinal cord, 

dental pulp, blood vessel, skin epithelial, digestive system, cornea, retina, liver, and pancreas [14]. 

 

3.2 Secretome of Aged Cells 

One study reported that prelamin-A-induced aging in human ADSCs. Interestingly, the aged human ADSCs 

secreted abundant osteogenesis-related secreted proteins [15]. They reported that no expression of Runx-2 

has been detected. It suggested that spontaneous induction of human ADSCs to osteoblastic lineage could 

be initiated by accumulation of prelamin A. There was paracrine effect that affected the microenvironment 

to accelerate early osteogenesis via secretome rich in osteogenesis-related proteins. This suggested as a part 

of the aging process of bone, contributing to an unbalancing homeostasis. In addition, they were found that 

IGFBP7 that induced by prelamin A has fundamental role in maintaining MSCs viability [15]. Despite from 

the results, expression of osteogenesis-related secreted proteins usually declined in aged MSCs [8], [9]. In 

cellular level of surface protein, secretory carrier membrane protein 4 (SCAMP4) levels were strikingly 

elevated in aged cells. Silencing SCAMP4 in aged fibroblasts leaded to reduce interleukin 6 (IL6), IL7, IL8, 

growth differentiation factor 15 (GDF-15), and C-X-C motif chemokine ligand 1 (CXCL1). Thus, 

overexpression of SCAMP4 increased secretion and enhance senescence-associated secretory phenotype 

(SASP) [16] while SASP in aged ADSCs modifications after long-term cultivation had angiogenic potential 

[17]. However, it is unclear the correlation between SCAMP4 and osteogenic factors. 

 

3.3 ADSCs Secretome for Skin Aging 

Human dermal fibroblasts (HDFS) that irradiated with UVB at different senesce levels then treated with 

condition medium of ADSCs (ADSCs-CM). The results showed that aging factors inhibited cellular 

proliferation, reduced collagen type I, collagen type III and elastin while increased senescent ratio. After 

treated by ADSCs-CM, the HDFs slightly and significantly improved proliferation and restoration of cells. 

[18]. 

 

3.4 Secretome as a novel alternative therapeutic for multiple sclerosis 

Study of multiple sclerosis (MS) in mice showed a promising therapeutic of CM or exosomes. Human 

periodontal ligament stem cells (hPDLSCs)-derived conditioned medium (hPDLSCs-CM) and purified 

exosomes/microvesicles (hPDLSCs-EMVs) reduced IL-17, IFN-γ, IL-1β, IL-6, TNF-α as pro-inflammatory 

cytokines, and induce IL-10 as anti-inflammatory cytokine. Furthermore, apoptosis related protein such as 

STAT1, p53, Caspase 3 and Bax were attenuated in mice MS [19]. Based on those report, CM or exosomes 

of stem cells might be alternative therapy for MS patients using stem cells. However, it would be better if 

therapeutic of CM or exosome using allogeneic stem cells due to impairing neuroprotective in progressive 

MS [20]. Previous study reported that the neuroprotective effect of conditioned medium MSCs was lost 

when MSC isolated from patients with MS [20]. 

 

3.5. Aging, Vitamin C, Stem Cells and their Secretome 

Aging affected the effectiveness of MSCs and could be repaired by additional supplementation such as 

vitamin C. Vitamin C is antioxidant and plays a role to suppress reactive oxidative stress (ROS) [21]. 

Elevated of ROS concentration leads decreasing viability of MSCs [22]. In contrast, vitamin C as enzyme 

cofactor acts to de- methylate the DNA and histone in stem cells. The suggested mechanism of MSCs 

senescence inhibition is through ROS and Akt/mTOR signaling [23]. At molecular levels, vitamin C also 

promotes HIF1α breakdown and activates mitochondria, affecting cell proliferation and metabolism. 

Vitamin C increases HIF1α hydroxylase activity to suppress HIF1a transcription and leading to 

mitochondrial activation [24]. Our previous study of freeze-thawed ADSCs supplemented by vitamin C 

showed inhibition of aging processed were observed. The expression of osteogenesis-related mRNA such as 
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type I collage also increased [8]. In other hand, various concentration supplementation of vitamin C towards 

ADSCs showed various effect. The high dose of vitamin C seems not good to be applied as 

supplementation due it is toxicity. Proper concentration of vitamin C leaded ADSCs express type I collagen, 

type II collagen and vascular endothelial growth factor (VEGF) increased which showed primary 

differentiation process of chondrogenesis, osteogenesis and angiogenesis might be occurred. The optimal 

concentration of vitamin C also increased cell number, viability and maintained their shape in range of 

healthy cells [9]. 

 

4. CONCLUSION 

We can conclude that secretome concentration and their contents might vary in aged cells and tissue sources 

that affect their potencies as regenerative therapeutic agent. Vitamin C owns can be used to prevent MSCs 

from senescence that enhance and improve their effectivities to secrete bioactive molecules for regenerative 

therapy. 
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