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Abstract

In the last several decades, cell therapy research has increased worldwide. Many studies
have been conducted on cell therapy, and have revealed that transplanted cells did not survive
for long, and implanted cells remained inactive causing immune rejection depending on the
patient’s condition. Therefore, studies on cell-free therapy need to be conducted. To overcome
these limitations, an alternative is the use of supernatant from cells, called “conditioned media
(CM).” During in vitro cell culture, culture media supply nutrients to maintain cell
characteristics and viability. In the culture, cells not only consume nutrients but also release
beneficial proteins and substances, which are called “secretome.” CM from cells can be stored
for a long time and is easy to handle. Moreover, secretome in CM can also be measured;
exact amount of secretome is important to set the standard value for disease treatment. Here,
we reviewed studies on CM and confirmed that various secretomes from CM were identified
in these studies. Moreover, these findings could benefit cell and animal studies in future. In
conclusion, CM could be a potential candidate for an alternative to cell therapy.
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INTRODUCTION

Cell therapy seem ideal because cells are the basic components of tissue. If healthy cells were transplanted in damage area,
transplanted cells could replace the damaged part and release factors for treatment. Moreover, since the discovery of stem cell,
people have studied how to use stem cell for human diseases. Stem cells have two characteristics: self-renewal and differentiation
potency. Theoretically, stem cells could stay in the injury area, release many beneficial factors, differentiate into mature cells, and
replace damaged tissue. However, recent studies have reported that transplanted stem cells cannot survive for long in a damaged
area, and can be removed through the circulatory system. In addition, there are not many types of stem cells that can be used
for cell therapy because most stem cells have the capacity of tumorigenicity (Lin et al., 2013). To utilize the therapeutic advantages
of stem cell, some studies use materials derived from stem cell culture because in vitro, stem cells release many beneficial factors

that play a role similar to the biological processes in vivo. Conditioned media (CM), supernatant from cell has these proteins and
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substances, called secretome. CM from cell is easy to handle and can be stored for a long time because the cell supernatant does
not contain live cells. CM can be modified as a ready-to-use powder (Alhomrani et al., 2017). Many studies identified secretome
in CM and compared implanted cell with CM treatment (Di Santo et al., 2009; Mirabella et al., 2011; Cho et al., 2012; Mishra
et al., 2012; Zhao et al., 2013; Zhou et al., 2013; Kang et al., 2014; Danieli, et al., 2015; Lotfinia et al., 2016; Gabrielyan et
al., 2017; Jahandideh et al., 2017; Mizgier et al., 2017; Okada et al., 2017; Shree et al., 2017). Furthermore, they also established
manufacturing method of CM and proven potential therapeutic effect of CM in vivo and in vitro (Di Santo et al., 2009; Mirabella
et al.,, 2011; Timmers et al., 2011; Cho et al., 2012; Mishra et al., 2012; Zhou et al., 2013; Danieli et al., 2015; Lee et al., 2015;
Lotfinia et al., 2016; Xu et al., 2016; Alhomrani et al., 2017; Brini et al., 2017; Shree et al., 2017).

MATERIALS and METHODS

We used the National Center for Biotechnology Information (NCBI) database to find related articles about CM and secretome.
‘Conditioned medium’, ‘cell’, ‘Stem cell’, ‘therapy’ and ‘secretome’ were used as keywords. These articles were reviewed based

on source of cell, culture, usage condition of CM, composition and analysis of CM.

Cell source

Many studies on conditioned-media from human tissue-derived stem cell have been conducted since 2000, the use of
condition-media to human cell is still done using fibroblast (Millis et al., 1977; Imokawa et al., 1998; Danieli et al., 2015;
Gabrielyan et al., 2017; Metzler et al., 2017). Fibroblast is a type of cell from connective tissue, located in various organs such
as skin, lung, and bladder. Moreover, fibroblast can synthesize and secrete many materials such as extracellular matrix and
collagen. CM from fibroblast was used mainly in the cosmetic industry.

The discovery of stem cells has increased the applicability of cell therapy. Stem cells are undifferentiated cells that can
differentiate into any type of mature cell. Mesenchymal Stem Cell (MSC) is a type of stem cells that can differentiate into
mesodermal cell types (adipose, muscle, bone, tendon, and cartilage). MSCs have properties suitable for cell therapy applications.
MSCs have no immune reaction when transplanted, and can be easily obtained from various tissue. Because of these advantages,
many studies with CM used MSCs isolated from adult tissues such as adipose (Cho et al., 2012; Ivanova-Todorova et al., 2012;
Zhao et al., 2013; Zhou et al., 2013; Yang et al., 2014; Lee et al., 2015; Brini et al., 2017; Li et al., 2017; Shree et al., 2017),
bone marrow (Mishra et al., 2012; Gabrielyan, Neumann et al., 2017), umbilical blood (Lin et al., 2013; Shrestha et al., 2013;
Yang et al., 2014; Kim et al., 2015; Kadekar et al., 2016; Li et al., 2017), and amniotic fluid (Mirabella et al., 2011; Kang et
al., 2014; Danieli et al. 2015; Lazzarini et al., 2016; Alhomrani et al., 2017) as basic material. Also some studied used CM from
MSCs induced by embryonic stem cells (Timmers et al., 2011; Lotfinia et al,, 2016; Jahandideh et al., 2017). A few studies used
CM from other mature cells, which were myotubes (Mizgier et al., 2017), endothelial progenitor cells (Di Santo et al., 2009),
cancer cells and retinal pigment epithelial cells (Zhang et al., 2017) (Table 1).

Condition media composition

When cells were cultured in vitro, culture media supplies nutrients and chemicals to survive outside of an organ. FBS, fetal
bovine serum, is an important supplement in culture media. All ingredients of FBS is not known yet. Nevertheless, most laboratory
used FBS as main growth nutrient for in vitro cell culture. However, for cell therapy applications, using the cell cultured with
FBS gives rise to an interspecies problem. In other words, it is difficult to predict the kind of reaction about FBS when cells
enter the body since FBS originates from bovine. To overcome this issue, many companies produce Serum-Free supplement as
an alternative to FBS, but it is not a perfect replacement of FBS yet (Tangjit et al., 2018; Cimino et al., 2017). Some studies
used serum free media before making CM (Millis et al., 1977; Mirabella et al., 2011; Timmers et al., 2011; Cho et al., 2012;
Shrestha et al., 2013; Zhao et al.,, 2013; Zhou et al., 2013; Yang et al., 2014; Danieli et al., 2015; Lee et al., 2015; Kadekar
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et al., 2016; Lazzarini et al., 2016; Xu et al., 2016; Alhomrani et al., 2017; Brini et al., 2017; Li et al., 2017; Li et al., 2017).
On the other hand, other studies still used culture media with FBS to make CM (Imokawa et al., 1998; Mirabella et al., 2011;
Ivanova-Todorova et al., 2012; Mishra et al., 2012; Kang et al., 2014; Kim et al., 2015; Gabrielyan et al, 2017; Okada et al.,
2017; Shree et al., 2017; Zhang et al., 2017). Also, a few studies used low percentage of serum or serum albumin from human
to supply least nutrients to cells (Di Santo et al., 2009; Lotfinia et al., 2016; Jahandideh et al., 2017; Metzler et al., 2017) (Table 2).

Table 1. Studies on cell source to make conditioned medium (CM).

Cell type Reference

Human Fibroblast Millis et al., 1977; Imokawa et al., 1998; Danieli et al., 2015; Gabrielyan et al., 2017;
Metzler et al., 2017

Human Adipose derived Mesenchymal Cho et al., 2012; Ivanova-Todorova et al., 2012; Zhao et al., 2013; Zhou et al., 2013;
Stem Cell Yang et al., 2014; Lee et al. 2015; Brini et al., 2017; Li et al., 2017; Shree et al., 2017

Human umbilical cord derived Shrestha et al., 2013; Kim et al., 2015; Kadekar et al., 2016; Li et al., 2017
Mesenchymal Stem Cell

Human bone marrow derived Mishra et al., 2012
Mesenchymal Stem Cell

Human amniotic fluid derived stem cells Mirabella et al., 2011; Kang et al.,, 2014; Danieli et al., 2015; Lazzarini et al., 2016;
Alhomrani et al., 2017

Human Mesenchymal Stem Cell from Timmers et al., 2011; Lotfinia et al., 2016; Jahandideh et al., 2017
Embryonic stem cells

Human myotubes Mizgier et al., 2017

Human Myeloid-derived suppressor cells Okada et al., 2017

Human retinal pigment epithelial cell ~ Zhang et al., 2017

Human endothelial progenitor cells Di Santo et al., 2009

Culture period and environment

Other than the presence or absence of serum in the culture medium, incubation period and environment are also important for
producing the conditioned medium. If cell culture period was long, cells might consume all nutrients in the medium and secrete
harmful substances fatal for the cells (Braun et al., 2011). On the other hand, when culture period was short, cells could not secrete
enough beneficial substances for acquisition of many proteins and other biochemical from the cell. Most studies synthesized CM
with normal incubation period (Millis et al., 1977; Imokawa et al., 1998; Di Santo et al., 2009; Mirabella et al., 2011; Timmers
et al., 2011; Cho et al., 2012; Ivanova-Todorova et al., 2012; Mishra et al., 2012; Lin et al., 2013; Shrestha et al., 2013; Zhao
et al.,, 2013; Zhou et al., 2013; Yang et al., 2014; Danieli et al., 2015; Kim et al., 2015; Lee et al., 2015; Kadekar et al., 2016;
Lazzarini et al., 2016; Lotfinia et al., 2016; Xu et al., 2016; Alhomrani et al., 2017; Brini et al., 2017; Gabrielyan, Neumann
et al.,, 2017; Jahandideh et al., 2017; Li et al., 2017; Li et al., 2017; Metzler et al., 2017; Mizgier et al., 2017; Okada et al.,
2017; Shree et al., 2017; Zhang et al., 2017). One study was performed for longer than normal incubation period to obtain the
conditioned medium (Kang et al., 2014).

The hypoxia condition is oxygen deficient condition and there have been more cell biology studies with hypoxia recently
(Panchision, 2009; Anastasia et al., 2014; Pimton et al., 2015; Senavirathna et al., 2018). These studies showed that cell culture
in hypoxia have more proliferation and differentiation ability with lower stress than that observed in cells in normoxia. Thus,
hypoxia in cell culture could increase functional abilities. Some studies compared CM in normoxia and hypoxia (Table 2).
Concentration of selected angiogenic growth factors in endothelial progenitor cells (IL-8, SDF-1, HGF, Angiogenin, PDGF-BB and
VEGF-A) was compared between normoxia and hypoxia (Di Santo et al., 2009). In another study, human amniotic fluid-derived
stem cell conditioned medium (hAFS-CM) in normoxia and hypoxia is shown to have therapeutic effects on dox-induced

senescence and apoptosis in H9C2 cells (Lazzarini et al.,, 2016). These two studies showed that CM from hypoxia have more
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cytokine and are better for anti-apoptosis and anti-senescence than CM from normoxia.

Usage condition for CM

Use of CM in cell biology should be considered carefully because CM had been already incubated in cell. Generally, culture
media make cells healthy and maintain their biological function. Though CM can contain many proteins and growth factors from
cells, nutrients for cell maintenance in culture media are mostly consumed. When cells were cultured, simply replacing basal
medium to CM could cause a lack of essential elements for survival in cell culture. Some studies used CM concentrated by various
methods because non-concentrated CM could have lower amounts of effective factors. Lyophilized or concentrated CM could be
added to the culture media for better cell survival. This led to many studies to determine the optimal concentration and various
method to use CM (Table 2).

Table 2. Studies on culture condition for making CM.

Condition media .. Environment
. Condition . Reference
composition condition
Imokawa et al., 1998; Ivanova-Todorova et al., 2012; Kang et al., 2014;
Normoxia Kim et al.,, 2015; Gabrielyan et al., 2017; Metzler et al., 2017; Okada
et al.,, 2017; Shree et al., 2017; Zhang et al., 2017
hypoxia  Di Santo et al., 2009
Normoxia Mishra et al., 2012; Lotfinia et al., 2016; Jahandideh et al., 2017
hypoxia -
Mirabella et al., 2011; Cho et al., 2012; Zhao et al., 2013; Yang et al.,
Normoxia 2014; Danieli, et al., 2015; Kadekar et al., 2016; Alhomrani et al., 2017,
Li et al., 2017; Mizgier et al., 2017; Okada et al., 2017
hypoxia  Zhou, Xu et al. 2013
Millis et al., 1977; Timmers et al., 2011; Shrestha et al., 2013; Danieli
Normoxia et al., 2015; Lee et al., 2015; Lazzarini et al., 2016; Xu et al., 2016;
Brini et al., 2017; Li et al., 2017

hypoxia  Lazzarini et al., 2016

Conditioned Media
with Serum Non-concentration

(FBS, FCS and
human serum

albumin) concentration

Non-concentration

Serum-Free media

concentrated

Many studies on cell biology do not use CM directly as it is but use CM modified for cell culture. Nevertheless, some studies
used non-concentrated CM for in vitro cell culture instead of basal medium (Di Santo et al., 2009; Mirabella et al., 2011; Timmers
et al.,, 2011; Cho et al., 2012; Mishra et al., 2012; Danieli et al., 2015; Lee et al., 2015; Lotfinia et al., 2016; Xu et al., 2016;
Alhomrani et al., 2017; Brini et al., 2017; Shree et al., 2017). These types of CM were cultured in FBS or other serum before
being used as CM, and it did not affect cell survive. To minimize nutrient loss for cell growth, CM was diluted with normal
culture media or PBS ranged from 20% to 50% (Cho et al., 2012; Zhao et al., 2013; Kang et al., 2014; Danieli et al., 2015;
Metzler et al., 2017; Shree et al., 2017; Zhang et al., 2017). In other studies, concentrated CM was used with centrifugal filter
and freeze-dryer used as the concentration method. Using centrifugal filter is one of the cost-effective methods to concentrate CM.
The use of centrifugal filter tube is simple with centrifuge machine. Centrifugal filters could eliminate low weight protein and
unnecessary chemicals from CM and were easily available to buy (Chernokalskaya et al., 2004). Freeze dryer converts the liquid
to a powder form and could handle large volumes of CM (Eir6 et al., 2014). Powder form of CM could be stored long time
and could be diluted to various concentrations. CM was concentrated 10 folds in many studies after which, concentrated CM was
treated to cell and animal to each optimal concentration (Timmers et al., 2011; Mishra et al., 2012; Danieli et al., 2015; Lee et
al., 2015; Lazzarini et al., 2016; Lotfinia et al., 2016; Xu et al., 2016; Brini et al., 2017; Jahandideh et al., 2017; Li et al., 2017).
Lyophilized CM was diluted with distill water or PBS and used (Millis et al., 1977).

Analysis of CM
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Various proteins and growth factors in CM are present as a mixture and may have potential therapeutic effects in regenerative
medicine. However, all components of CM are not known yet because identifying various cell types and culture conditions is
difficult. ELISA (enzyme-linked immunosorbent assay), multiplex were performed to analyze components in CM. ELISA is a
technique that can quantify substances such as proteins, hormones, and peptides. ELISA was employed in some studies for
quantifying secretome components like HGF, FGF, and IGFBP1 in CM (Imokawa et al., 1998; Cho et al., 2012; Ivanova-Todorova
et al., 2012; Mishra et al., 2012; Zhao et al., 2013; Zhou et al., 2013; Jahandideh et al., 2017; Metzler et al., 2017; Mizgier et
al., 2017; Shree et al., 2017). Cytokine array is a membrane-based analysis technique. Various antibodies were located on array
membrane, and secretome in CM could bind to suitable antibodies, and could be detected by immune reaction (Mirabella et al.,
2011; Kang et al., 2014; Danieli et al., 2015; Lotfinia et al., 2016; Gabrielyan, et al., 2017). Multiplex is immunoassay based
on multiple analysis profiling techniques to detect identification of a variety of secreted proteins by fluorescent microbeads (Di
Santo et al., 2009; Mizgier et al.,, 2017; Okada et al., 2017) (Table 3).

Table 3. Analysis methods for secretome in CM.

Analysis of CM Reference
ELISA Imokawa et al., 1998; Di Santo et al., 2009; Cho et al., 2012; Ivanova-Todorova et al., 2012;
Mishra et al., 2012; Zhao et al., 2013; Zhou et al., 2013; Jahandideh et al., 2017; Mizgier et al., 2017,
Shree et al., 2017
Cytokine Antibody Array Mirabella et al., 2011; Kang et al., 2014; Danieli et al., 2015; Lotfinia et al., 2016; Gabrielyan et al.,
2017
multiplex Di Santo et al., 2009; Mizgier et al., 2017; Okada et al., 2017

Transplantation of CM

In vitro, there were many difficulties to evaluate the therapeutic effect of the cell itself. Because cells have to be grown in
suitable culture media, changes in composition of culture media can lead to unexpected results. For example, co-culture is a method
where different cells are cultured in same plate at the same time and, which can improve therapeutic efficacy on target cells.
However, studies on co-culture cannot reliably determine efficacy of cells if the types of culture media were different. Since cells
and conditioned medium are used as materials for animal studies, animal experiments do not have to consider about culture media
in vitro. Some studies in animal disease model compared transplantation of cell with transplantation of CM (Mirabella et al., 2011;
Brini et al., 2017; Shree et al., 2017) (Table 4).

Table 4. Animal disease model for evaluating therapeutic efficiency of CM

Disease model for Transplantation of CM Reference
xenograft model Lee et al., 2015
Diabetes Brini et al., 2017
Stroke Cho et al., 2012
paw oedema Shree et al., 2017
Wound Healing Mishra et al., 2012; Shrestha et al., 2013
Mycardial infaction Mirabella et al., 2011; Timmers et al., 2011; Danieli et al., 2015; Brini et al.,

2017; Shree et al., 2017

liver fibrosis Lotfinia et al., 2016; Alhomrani et al., 2017
hindlimb ischemia Di Santo et al., 2009; Mirabella et al., 2011
bone disorder Xu et al., 2016
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Once positive effects on condition media were proven in in vitro, further studies like animal study or clinical trial would be
required. Various studies used animal disease model such as mouse (Mirabella et al., 2011; Cho et al., 2012; Mishra et al., 2012;
Shrestha et al., 2013; Lee et al., 2015; Lotfinia et al., 2016; Alhomrani et al., 2017; Brini et al., 2017; Shree et al., 2017), rat
(Danieli et al., 2015; Xu et al., 2016), or pig (Timmers et al., 2011). Most studies dealing with animal model, determined main
factors of CM that positively affected the cells and then selected an animal disease model related to these factors. Xenograft (Lee
et al., 2015), diabetes (Brini et al., 2017), stroke (Cho et al., 2012), paw edema (Shree et al., 2017), wound healing (Mishra et
al., 2012; Shrestha et al., 2013), myocardial infarction (Mirabella et al., 2011; Timmers et al., 2011; Brini et al., 2017; Shree et
al., 2017), liver fibrosis (Lotfinia et al., 2016; Alhomrani et al., 2017), hindlimb ischemia (Di Santo et al., 2009; Mirabella et
al., 2011) and distraction osteogenesis (Xu et al., 2016) were used as animal disease models for evaluating therapeutic effects of
CM.

CONCLUSION

CM from various types of cell were studied and established. Many studies have confirmed secretome in CM and its proven
therapeutic effect in various animal disease models. CM is easy to handle compared to cells and is expected to be used as a
cell-free biological medicine for human diseases. However, to apply CM as medicine, establishing optimal standardized methods

for making CM and identifying all component need to be performed.
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