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	 Background:	 Inflammation is the body’s first response to an illness that causes irritation or infection. Inflammation is tight-
ly correlated with aging, which is a progressive degenerative process. Conditioned medium (CM) from adipose 
tissue-derived mesenchymal stem cells (CM-ATMSCs) has been shown to stimulate collagen synthesis and der-
mal fibroblast migration, as well as reduce wrinkles and improve wound healing. This study aimed to observe 
the production of inflammatory modulators – interleukin (IL)-1a, IL-6, IL-10, and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) – in CM-ATMSCs treated with fresh frozen plasma (FFP) at passag-
es 3 (P3), 7, 11, and 15.

	 Material/Methods:	 ATMSCs P3 were obtained from liposuction of female donors, and the CM from ATMSCs was collected. 
Measurement of these cytokines was performed with ELISA.

	 Results:	 At many passages, IL-6, a proinflammatory modulator, was discovered to be the most powerful modulator 
among FFP- and non-FFP-treated cells. However, CM-ATMSCs treated with FFP and in the late passage have 
significant differences (P<0.05) compared to non-FFP treatments and in other passages in their effects on se-
cretion of inflammatory modulators.

	 Conclusions:	 In conclusion, CM-ATMSC has the potential to secrete proinflammatory modulators.
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Background

Skin aging is a gradual degenerative process triggered by 
several factors, such as UV irradiation, smoke, and stress [1]. 
Wrinkles are one of the characteristics of photoaging, which 
is associated with inflammatory response and oxidative stress 
that cause degradation of collagen fibrils and gelatin fibers [2]. 
Inflammation is the body’s first response to an illness that 
causes irritation or infection [3]. Interleukin (IL)-1b and IL-6 
and tumor necrosis factor a (TNF-a) are the proinflammatory 
mediators released by macrophages and circulated throughout 
the body [4,5]. Other’s macrophage products such as reactive 
nitrogen species, reactive oxygen species, prostaglandin, and 
nitric oxide play essential roles in inflammation. An excessive 
amount of proinflammatory cytokines can also result in se-
vere inflammation and tissue necrosis [6]. Nuclear factor kap-
pa-light-chain-enhancer of activated B cells (NF-kB) is a pro-
tein complex that controls cytokine production, and it plays an 
essential role in inflammation and immunity [7]. NF-kB activ-
ity is responsible for the cellular stress response, which con-
tributes to aging [8].

Use of mesenchymal stem cells (MSCs) is one of the potential 
alternatives in the therapy of various diseases. MSCs from hu-
man adipose tissue (hATMSC) are known to be an attractive 
source of autologous MSC therapy because of the easy and re-
peatable access to adipose tissue [9]. Previous study shows that 
MSC can inhibit the proliferation of T and B cells, the produc-
tion of H2O2 from neutrophils, the secretion of immunoglobu-
lins, and the cytotoxicity of T and natural killer cells. Moreover, 
conditioned medium (CM) ATMSC has been reported to upreg-
ulate the secretion of some inflammatory cytokines such as 
TNF-a, IL-1a, IL-1b, IL-10, IL-6, and IL-4 by stimulating the res-
ident receptor and modulating the immune response [10,11].

Fetal bovine serum (FBS) is used as a standard and reference 
in culture media, but it must be replaced to avoid any draw-
backs such as cell interaction with animal chemicals. Several 
previous studies showed that use of human blood-derived se-
rum has advantages over using fetal bovine serum (FBS) [12]. 
Therefore, this study aimed to determine the concentration of 
inflammatory modulators IL-1a, IL-10, IL-6, and NF-kB in pas-
sages 3 (P3), 7 (P7), 11 (P11), and 15 (P15) of ATMSC and then 
to compare their concentrations in a different medium (fresh 
frozen plasma [FFP] and non-FFP).

Material and Methods

ATMSC Preparation

Experiments were conducted on ATMSCs P3 that were ob-
tained from liposuction of female donors in accordance with 

the Institutional Ethics Committee of the Faculty of Medicine, 
Padjadjaran University, Bandung, Indonesia (No. 1062/UN6.
C1.3.2/KEPK/PN/2016). ATMSCs from P3 were seeded at a 
density of 104 cells/cm2 on plastic-surfaced culture disks with 
80% MEM-a, 20% FFP, 1% antibiotic and antimycotic, and 1% 
heparin and incubated in a humidified, 37°C, 5% CO2 environ-
ment. Cells were detached using 0.25% trypsin EDTA solution 
when cultures reached 80% confluence (Gibco, 25200072). 
P3 detached cells were grown in a separate flask until con-
fluence was reached. In brief, the medium was collected and 
centrifuged at 1600 rpm for 5 min at a room temperature of 
20°C, and the supernatant was filtered through a 0.22-μm fil-
ter unit (TPP, 99722) and kept at -80°C as CM-ATMSCs [13].

Characterization of ATMSCs

The ATMSCs were cultured at a density of 2×106 cells (P3) and 
were harvested after reaching 80% confluence. The character-
ization of MSCs was performed by flow cytometry (Analyzer 
10, MACSQuant; Miltenyi Biotec, Germany) using specific an-
tibodies (CD90 FIT C, CD105 PerCP-Cy5, CD73 APC, CD34 PE, 
CD116 PE, CD19 PE, CD45 PE, HLA-DR PE, and CD44 PE) ac-
cording to the manufacturer’s procedure (BD Stemflow™ kit, 
562245; BD Biosciences, NJ, USA). The surface marker studies 
and measurements were done in triplicate [14,15].

Measurement of Inflammatory Immunomodulator 
Concentration in CM-ATMSCs (IL-1a, IL-6, IL-10, NF-kb)

Measurement of each inflammatory modulator was performed 
with ELISA using an ELISA Kit (H1587, H1386, H0483, H0088, 
and R0015, respectively; Elabscience, Wuhan, China). Sample 
and standard working solutions were prepared at approximate-
ly 100 µL in each well with 1×106 cells. Then, the solution was 
incubated at 37°C for 90 min. The liquid in each well was re-
moved, and the biotinylated detection Ab working solution 
was added up to 100 mL. The solution was mixed thoroughly 
before being incubated for 60 min at 37°C. Following incuba-
tion, the solution was aspirated from each well, and 350 µL 
of wash buffer was added and then soaked for 1-2 min. This 
step was repeated 3 times.

The solution was then added with as much as 100 µL of horse-
radish peroxidase conjugate working solution. The solution 
was incubated for another 30 min at 37°C. Then, the solution 
was washed 5 times with 350 µL of wash buffer. The proce-
dure was continued with the addition of 90 µL of substrate 
reagent and closed with a new sealer (then incubated un-
til the color changed into blue) and incubated for 15 min at 
37°C (protected from light). Subsequently, 50 µL of stop so-
lution was added (the solution changed color to yellow). The 
absorbance of the solution was measured with a wavelength 
of 450 nm [16-19].
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Statistical Analysis

Statistical analysis was performed using SPSS version 16.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). The analysis was evaluated 
by one-way AVOVA, followed by Tukey’s post hoc test, and was 
considered to be significant (P<0.05) by independent-samples t 
test (P<0.05). Data are presented as mean±standard deviation.

Results

MSCs should have lineage marker-positive CD44, CD73, CD90, 
and CD105 and lineage marker-negative CD11b, CD19, CD34, 
CD45, and HLA-DR. Fluorescein staining phycoerythrin and flu-
orescein isothiocyanate were used to detect ATMSC surface 
markers (Figure 1). FFP supplementation was found to be ef-
fective in increasing proliferation, but had no effect on char-
acteristics of MSCs. The ATMSC characterizations are shown in 
Figure 1. ATMSCs from P3 exhibited characteristics of MSCs. 
Moreover, Figure 1 shows that P3 FFP still had MSC character-
istics, as the P3 population was 99.57% CD90-, 99.52% CD105-, 
99.74% CD73-, and 99.32% CD44-positive.

Samples used were treated with FFP and non-FFP at various 
phases. Inflammatory modulators that were observed included 

interleukin (IL)-1a, IL-1b, IL-6, IL-10, and NF-kB. Figure 2 shows 
the concentration level of each sample treated with FFP at P3 
(Figure 2A), P7 (Figure 2B), P11 (Figure 2C), and P15 (Figure 2D). 
Based on the figure, the inflammatory modulator that had the 
highest concentration level in each passage was IL-6. In P3, 
the IL-6 concentration was 786.16 pg/mL (Figure 2A), whereas 
NF-kB had the lowest concentration level, with 14.20 pg/mL. 
At P7, the IL-6 concentration was 797.75 pg/mL (Figure 2B), 
and IL-1a had the lowest concentration, with 17.53 pg/mL. At 
P11, the IL-6 concentration was 843.97 pg/mL (Figure 2C), and 
NF-kB had the lowest concentration, with 55.59 pg/mL. At P15, 
the IL-6 concentration was 871.96 pg/mL (Figure 2D), where-
as IL-1a had the lowest concentration, with 23.33 pg/mL. It 
is also shown that IL-6 had the highest concentration at P15.

Figure 2 also shows the concentration level of each sample 
treated with non-FFP. According to the figure, IL-6 had the 
highest concentration when compared to the other modu-
lators. At P3 (Figure 2A), the IL-6 concentration was 597.13 
pg/mL, whereas NF-kB had the lowest concentration, with 
15.42 pg/mL. At P7 (Figure 2B), the IL-6 concentration was 
705.41 pg/mL, whereas IL-1a had the lowest concentration, 
with 19.67 pg/mL. At P11 (Figure 2C), the IL-6 concentration 
was 725.35 pg/mL, whereas IL-1a had the lowest concentration, 
with 22.01 pg/mL. At P15 (Figure 2D), the IL-6 concentration 

Figure 1. �The percentage of surface marker ATMSCs. CD90=99.57%, CD105=99.52%, CD73=99.74%, CD44=99.32%.
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was 777.26 pg/mL, whereas IL-1a had the lowest concentra-
tion, with 23.69 pg/mL. IL-6 had the highest concentration at 
P15. This result is in line with FFP-treated ATMSCs. Furthermore, 
the IL-6 concentrations at P3, P7, P11, and P15 in FFP-treated 
ATMSC were significantly different compared to non-FFP-treat-
ed ATMSCs. It is also shown that IL-6 was higher in FFP-treated 
than in non-FFP-treated ATMSCs.

Discussion

Currently, MSCs are important and are being researched for 
the development of cell therapeutics in regenerative medi-
cine. Its immunomodulatory properties, as well as its abili-
ty to secrete various trophic factors, demonstrate remarkable 
therapeutic effects in various preclinical disease models [20]. 
Cytokines and growth factors secreted by ATMSC in both FFP-
supplemented and non-FFP-supplemented media exhibit in-
flammatory properties.

In the present study, ATMSCs at P3 to P15 were positive for the 
human mesenchymal stromal cell markers CD90, CD105, CD44, 
and CD73 (>95%) (Figure 1). The present results agree with 
other studies, in which Wharton’s jelly-derived mesenchymal 

stem cell (WJ-MSCs) were highly expressed in CD44, CD90, 
CD73, and CD105 at passages 4 and 8 [15,21]. ATMSCs were 
also positive for CD73, CD90, and CD105 and negative for 
CD11b or CD14, CD19, CD34, CD45, and HLA-DR on their cell 
surface [22].

IL-6 had the highest concentration of inflammatory cytokine 
found in non-FFP-supplemented media. In this study, com-
pared to IL-6 secretion in FFP-supplemented media, IL-6 in 
non-FFP-supplemented media was significantly different. The 
concentration found in FFP-supplemented media was signifi-
cantly higher than the concentration in non-FFP-supplement-
ed media (Figure 2). IL-6 plays an important role in acute in-
flammation, and it is responsible for fever and acute-phase 
response in the liver [23]. In a previous study, IL-6 was pro-
duced in both FBS-supplemented and platelet-rich plasma 
(PRP)-supplemented media in ATMSCs [12], showing that PRP 
did not affect the IL-6 secretion. In another study, IL-6 was se-
creted and found in CM-ATMSC in high concentration but not 
as high as in WJ-MSC [10,12].

NF-kB showed a higher level in non-FFP-treated at late pas-
sage. CM-ATMSCs treated with FFP supplementation in the 
late passage (P15) can activate NF-kB signaling mediator and 
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Figure 2. �The concentration of inflammatory modulators (IL-1a, IL-6, IL-10, and NF-kB) treated with FFP and non-FFP at passages 3 (A), 
7 (B), 11 (C), and 15 (D). * Significant difference in modulators at different treatments (P<0.05) as analyzed by independent-
samples t test.
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then upregulate the production of proinflammatory cytokines 
(IL-1a and IL-6) (Figure 3). This is in line with another study 
showing that CM-MSC stimulated NF-kB signaling, which can 
produce high levels of IL-6 and IL-8. This mechanism can in-
duce the inflammation process, apoptosis, and degradative 
enzymes, and most probably becomes an activated aging 
process [24]. The activation of this protein can also promote 
cancer cell growth. The inhibition of NF-kB can reduce oxida-
tive stress and disrupt senescence both in vitro and in vivo. A 
previous study also stated that the expression of NF-kB has 
a different process between young MSCs and old MSCs [25].

The results of our study are also in line with other studies, in 
which CM-ATMSC also produced a high level of IL-6 [25,26]. 
Previous studies also found that IL-6 is significantly higher in 
CM-MSC than in the control medium and other MSCs derived 

from ovarium and Wharton’s jelly [23,27,28]. However, the se-
cretion of CM-MSCs rich in cytokines and other chemokines 
can also participate in wound healing by promoting cell migra-
tion, proliferation, and angiogenesis, thus neutralizing antibody 
against IL-6, and it can enhance the repair effect in the uter-
us [29]. The late passage of CM also affects the secretion of IL-
6. The late passage exhibited the lowest population doubling 
time; therefore, it might increase the secretion of cytokines, in-
cluding IL-6 [23]. The other factor that affects secretion is treat-
ment with FFP. In another study, using platelet secretome treat-
ment was observed to release several proteins that can act on 
the processes involved in wound healing and tissue repair [26].

At every passage of cells, the anti-inflammatory cytokine 
IL-10 was found to have a lower concentration than IL-6, and 
there was no significant difference in IL-10 between FFP- and 
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Figure 3. �The potential mechanisms of CM-ATMSC with FFP supplementation treatment in an inflammation process. FFP – fresh frozen 
plasma; NF-kB – nuclear factor kappa-light-chain-enhancer of activated B cell; IL – interleukin.
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non-FFP-treated cells [30]. This agrees with a previous find-
ing showing that there was no difference in the level of IL-10 
between the CM and control medium [27]. In other studies, 
IL-10 was not secreted by ATMSC in FBS-supplemented and 
PRP-supplemented media [12]. High concentrations of IL-6 and 
IL-10 indicate a severe infection, but an elevated IL-10 con-
centration does not necessarily indicate a poor prognosis [31].

In most studies, FBS is used as a standard and reference in 
culture media, but its substitution is required to avoid any cell 
contact with animal compounds. Human blood-derived usage 
for cell expansion in culture has been proposed in many stud-
ies. The supplementation of culture media with platelet-rich 
plasma (PRP) is known to induce proliferation by secreting 
growth factors, as well as release of extracellular matrix com-
ponents and proinflammatory and angiogenic cytokines [32,33].
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