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Introduction

Aging is a complex process characterized by 
accumulation of  degenerative damage, including a 
progressive decline in stem cell function, resulting in 
less effective tissue homeostasis and repair. Stem cell 
exhaustion, which may driven by an imbalance of  stem cell 
quiescence and proliferation, is one of  the hallmarks of  
aging, in which is associated with age-related degenerative 
and proliferative diseases [1]. Age-related dysfunction of  
stem cells is caused by both cell-intrinsic and cell-extrinsic 
mechanism. Instrinsic mechanisms inlcude telomere 
dysfunction, DNA damage-induced cellular senescence, 
and age-related increases in the expression cell cycle 
inhibitors [2-3].

Previous studies reported that the p16INK4a tumor 
suppressor gene plays a key role in cellular senescence 

in human cells. In addition, p16INK4a was identified as 
an inhibitor of  the cell cycle kinases CDK4 and CDK6, 
allowing it to act as a tumor suppressor by negatively 
regulating the cell cycle. p16INK4a expression gradually 
increases with aging in most mammalian tissues [4]. 
Another study demonstrated that down regulation p16INK4a 
may slow down the aging process, and lead to rejuvenation 
of  senescence [5]. Moreover, inhibition of  p16INK4a may 
ameliorate the physiological impact of  aging on stem cells 
and thereby improve injury repair in aged tissue [6]. Thus, 
there is a consensus that p16INK4a 
expression is increased with age 
and is correlated with cellular 
senescence, thus p16INK4a appears 
to be a reliable biomarker for 
senescence.

It is also well known that 
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ABSTRACT: Edible bird’s nest (EBN) is often consumed as a health food due to its suggested health benefits, including anti-aging 
effects, however the mechanism is still unknown. This study investigated the effect of EBN extract using long term expansion bone 
marrow-derived mesenchymal stem cells (BMMSCs) as an aging model. Passage 5 (P5) and passage 8 (P8) BMMSCs were treated 
with EBN extract, and their proliferation, senescence-associated β-galactosidase (SA-β-Gal) activity, and expression of p16INK4a 
were analyzed. Treatment of BMMSCs with EBN extract decreased population doubling time (PDT) in P5 but not in P8 BMMSCs. In 
P5 BMMSCs, 200 ppm EBN extract increased BMMSCs proliferation, with PDT reduced by 27.6%. However, 200 ppm EBN extracts 
did not affect P8 BMMSCs proliferation, although it increased BMMSCs viability. Treatment of P5 and P8 BMMSCs with 200 ppm 
EBN extract decreased SA-β-Gal activity by 54.8% and 47.1% of the control, respectively (P<0.05). Levels of p16INK4a expression 
were 5.4-fold lower in P5 BMMSCs treated with 200 ppm EBN extract compared to control (P<0.05). Similarly, treatment of 
P8 BMMSCs with 200 ppm EBN extract reduced p16INK4a mRNA level by 7.9-fold compared to the control (P<0.05). In order to 
investigate the pathway of EBN extract inhibition, we further analyzed IL-6 and NF-κB1 expression. Treatment of P5 and P8 
BMMSCs with 200 ppm EBN extract reduced IL-6 mRNA levels by 7.9-fold and 2.1-fold of control, respectively (P<0.05). We found 
that 200 ppm EBN extract reduced NF-κB1 mRNA level approximately 2.4-fold both in P5 and P8 BMMSCs (P<0.05). Thus, EBN 
extract reduces markers of senescence, indicated by decreased SA-β-Gal activity and p16INK4a mRNA level, and this correlated with 
reduced messenger RNA levels of the pro-inflammatory factor IL-6 and the transcription factor NF-κB1.
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senescent cells are characterized by upregulation of  many 
lysosomal proteins and increased lysosomal content. 
Senescent cells display an elevated senescence-associated 
β-galactosidase (SA-β-Gal) activity, and it remains the gold 
standard to identify lysosomal content of  senescent cells 
in culture and tissue samples [7]. In addition, emerging 
evidence suggests that senescence causes a loss of  tissue 
repair capacity because of  cell cycle arrest in progenitor 
cells and senescence cells produce pro-inflammatory 
and matrix-degrading molecules in what is known as the 
senescence-associated secretory phenotype (SASP) [8]. 
The SASP includes secretion of  different cytokines such 
as IL-6 and growth factors. The SASP and its associated 
molecules are powerful markers of  senescence.

The availability of  nutritional and Pharmacological 
agents that can target derangements in metabolism 
of  senescent cells to improve stem cells function and 
regenerative potential provides an apportunity for new 
therapeutic strategy. Many compounds or extracts from 
natural products have been reported to slow aging and 
extend lifespan, but we are unaware of  reports on the 
effects of  edible bird’s nest (EBN) on Cellular senescence.

EBN, which produced from the salivary secretions 
of  Collocalia sp, is well-known for its high nutritional 
value and medicinal properties. Previous studies found 
that more than half  of  EBN’s weight is consisted of  
protein, making EBN a good source of  protein [9]. 
However, there is lack of  scientific research to support the 
evidence-based use of  EBN as supplement, particularly 

as an agent to interfere cellular senescence. Thus, in the 
present study, we investigated the effect of  EBN extract 
and its mechanisms on cellular senescence by using bone 
marrow-derived mesenchymal stem cells (BMMSCs) as a 
model. Proliferation rates, viability, and cell senescence 
marker were quantified and compared among experimental 
group to examine the effect of  EBN extract on BMMSCs 
senescence.

Materials and Methods

Culture and Characterization of  BMMSCs 
Human BMMSCs (obtained from Stem Cell and 

Cancer Institute, Jakarta) were seeded at an initial cell 
density of  4,000 cell/cm2 in 75-cm2 tissue culture flask 
(Biologix, USA) and maintained at 37°C with 5% CO2 

in DMEM containing low-glucose levels (Gibco, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco, 
USA) and 1% antibiotic-antimycotic (Gibco, USA). 
When cultures reached 70-80% confluence, cells were 
harvested and their numbers were counted. The cells were 
then washed in PBS, pH 7.4 and adjusted to 106 cells. 
Monoclonal anti-CD73-PE, anti-CD90-PE, anti-CD104-
PE, anti-CD34-PE, anti-CD45-PE, anti-CD14-FITC 
and anti-HLA-DR-PE antibodies (Becton Dickenson, 
USA) were added into the cells and incubated for 30 
min in the dark. After double washing in a CellWASH 
solution (Becton Dickenson, USA) the cells were fixed 
in FIX solution (Becton Dickenson, USA). The specific 

Figure 1.  FACS analysis of  BMMSCs
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fluorescent labeling was analyzed by FACSCalibur flow 
cytometer (Becton Dickenson, USA).

Preparation of  EBN Extract and Treatment of  
BMMSCs with EBN Extract

Extraction of  EBN (collected from Painan, West 
Sumatra, Indonesia) was performed according to previous 
methods with some modifications [10]. EBN was washed 
with 500 fold excess of  water (w/v) three times and dried 
for 24 h at 37°C, then was ground. The ground EBN was 
soak in sterile distilled water (1:50) and kept in water bath 
(37°C) for 24 h and then filtered with Whatman 4 filter 
paper. The filtrate was dialyzed using a 3,500 Da cut-
off  membrane for 4 h and hydrolyzed with the bacterial 
peptidase subtilisin (Alcalase, Sigma, Germany) as a final 
concentration of  1% in water, at 60°C for 2 h, and then 
heated at 100°C for 15 min. The hydrolysate was then 
cooled down to room temperature and freeze dried. The 
extract stored at 4°C until use. Passage 5 (P5) of  BMMSCs 
were treated with 50 ppm and 200 ppm EBN extracts, 

while P8 of  BMMSCs were treated with 200 ppm EBN 
extract, and the effect was then analyzed. Since EGF has 
been shown to suppress cellular senescence [11], in this 
study EGF (R&D Systems, USA) was used as reference.

Cell Proliferation and Viability Analysis
To effects of  EBN extract on BMMSCs proliferation, 

population doubling time (PDT) and population doubling 
level (PDL) for each experimental group were examined. 
Briefly, 3 × 105 cells were seeded in 75-cm2 tissue culture 
flask and maintained for 24 hours at 37°C in humidified 
5% CO2 incubator. After 70-80% confluence, cells from 
each experimental group were harvested and counted 
by hemocytometer after trypan blue staining. Viability, 
PDT and PDL of  BMMSC were calculated according 
to formula: Viability=percentage of  viable cells per total 
cells; PD=log(N1/N0) × 3.31; PDT=CT/PD, where 
N1=total cell count at harvest, N0=viable cell count at 
seeding, CT=cell culture time.

Figure 2.  Representative images of  senescence-associated β-galactosidase (SA-β-gal) staining of  different pas-
sages (P3, P5 and P8) (a), quantitative analysis SA-β-gal staining of  P3, P5 and P8 (b), and relative expression of  
p16INK4a mRNA of  P3, P5 and P8 (c) of  BMMSCs. a-c: different letter in each category means significantly dif-
ferent (P<0.05)
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Senescence- Associated β-Galactosidase (SA-β-Gal) 
Assay 

BMMSCs senescence was examined by staining for 
SA-β-Gal by using the Senescence Cells Histochemical 
Staining Kit (Sigma, Germany). BMMSCs were plated at 
15,000 cells/cm2 in 24 well plates (n=3) and incubation 
for 24 hours at 37° C in humidified 5% CO2 incubator. 
BMMSCs were washed 3 times with PBS and fixed the 
solution provided according to manufacturer’s instruction. 
Plates were then stained with X-gal solution for 24 hours 
at 37°C. The cells were visualized by phase contrast 
microscope, and the number of  cells positive for SA-β-
Gal activity versus total cells was quantified and imageJ 
software v.1.52. For each well, at least 200 cells from 3-6 
images were counted to obtain percentages.

Quantitative Real Time PCR Analysis
Real-Time PCR was performed to determine the 

levels of  p16INK4a, IL-6 and NF-κB1 mRNA in BMMSCs 
after the different treatments. The total RNA of  each 
sample was extracted and purified from whole cell lysates 
using the RNeasy Plus Mini Kit (Qiagen, Germany). 
The reverse transcription of  1 μg of  RNA to cDNA 
was established using cDNA Reverse Transcription 
kit (Applied Biosystems, USA). Quantitative PCR was 
performed on a StepOne Real-Time PCR system (Applied 
Biosystems, USA) by using TaqMan fast advanced master 
mix (Applied Biosystems, USA). All RT-PCR reagents, 
including primers and probes, were purchased from 
Applied Biosystems (Assay ID); p16INK4a (Hs00923894_
m1); IL-6 (Hs00174131_m1); NF-κB (Hs00765730_m1). 
The gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as an internal control. The 2-ΔΔCT 

method was employed to normalize gene expression 
values prior to statistical analysis.

Result and Discussion

Characterization of  BMMSCs
In order to chracterize BMMSCs used in this study, 

flowcytometry analysis was performed. The results 
showed that BMMSCs were positive for CD73, CD90 and 
CD105, and negative for CD14, CD34, CD45 and HLA-
DR (Figure 1), indicating that BMMSCs were fulfilled the 
criteria as a mesenchymal stem cell (MSC) based on The 
International Society for Cellular Therapy (ISCT).

Long-term in Vitro Expansion of  BMMSCs
We first investigated the process of  cellular 

senescence of  BMMSCs during long term in vitro 
expansion by measuring of  SA-β-Gal activity (Figure 2). 
SA-β-Gal stained cells were rare in P3 (approximately 1.3%  
of  cells), but SA-β-Gal activity significantly increased to 
approximately 20.5% and 30.0% of  cells in P5 and P8 
respectively. Similarly, the expression level of  p16INK4a was 
also increased approximately 3.1-fold and 4.8-fold in P5 
and P8 BMMSCs, respectively, compared to P1.

Senescent cells display an elevated senescence-
associated β-galactosidase (SA-β-Gal) activity, and it 
remains the gold standard to identify lysosomal content of  
senescent cells in culture and tissue samples [7]. Sumilarly, 
p16INK4a expression is reported to gradually increase with 
aging in most mammalian tissues [4]. Moreover, the use of  
p16INK4a reporter mice in several models of  senescence and 
aging demonstrated that the appearance of  cells in their 
tissues positive for SA-β-Gal is associated with elevated 
proportion of  p16INK4a-expressing cells [12]. Concordant 
with these, our data showed that SA-β-Gal activity and 
p16INK4a expression increased in senescent P5 and P8 
BMMSCs (Figure 2b, 2c). Thus, our results confirmed that 

Table 1. Proliferation rate and viability of  BMMSCs

Passage Sample Viability (%) PDT (day) PDL

P5

Control 93.87 ± 2.13a 7.03 ± 0.59a 1.86 ± 0.16b

EGF 94.37 ± 0.58a 6.01 ± 0.48b 2.17 ± 0.18b

EBN 50 ppm 94.37 ± 2.64a 6.40 ± 0.21ab 2.03 ± 0.07b

EBN 200 ppm 94.83 ± 1.80a 5.09 ± 0.51c 2.57 ± 0.26a

P8

Control 83.90 ± 3.09b 11.16 ± 1.12b 1.53 ± 0.15a

EGF 78.89 ± 2.10b 14.10± 2.04ab 1.22 ± 0.18b

EBN 200 ppm 93.00 ± 3.02a 15.26 ± 1.42a 1.12 ± 0.10b

a-c: different letter in same column means significantly different (P<0.05)
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P5 and P8 BMMSCs were indeed undergoing a senescence 
process, in which P5 and P8 BMMSCs were categorized as 
early and late passage of  BMMSCs, respectively, and both 
P5 and P8 BMMSCs were used in the entire study.

Effect of  EBN Extract on Senescent BMMSCs 
Viability, PDT and PDL

The effect of  EBN extracts on BMMSCs viability, 
PDT and PDL were shown in Table 1. EBN extracts, 
at any concentration, did not significantly improved P5 
BMMSCs viability, but EBN extract at 200 ppm increased 
P8 BMMSCs by about 10.9% compared to the control. Low 
PDT and high PDL indicate increased cell proliferation. 
As expected, the overall PDT of  P5 BMMSCs were lower 
than that of  P8 BMMSCs, and overall PDL of  P5 BMMSCs 
were higher than that of  P8 BMMSCs. These results 
confirmed that the capability of  BMMSCs to proliferate 
was decreased along with passage number. Treatment of  
BMMSCs with EBN extract, as well as EGF, decreased 
PDT and increased PDL in P5, but not in P8. In P5 
BMMSCs, EBN (200 ppm) and EGF treatment increased 
BMMSCs proliferation, evidenced by decrease in PDT by 
as much as 27.6% and 14.5%, respectively. On the other 
hand, EBN extracts (200 ppm) did not affect P8 BMMSCs 
proliferation, although it increased viability of  BMMSCs 
compared to non-treated P8 These results indicated that 
EBN extract had different effects on BMMSCs, depending 
on the stage of  cell senescence. 

A previous study demonstrated that EBN extract 
promoted proliferation of  human adipose-derived stem 
cells (hADSCs) through increased expression of  IL-6 and 
VEGF genes, mediated by activation of  transciption factor 
NF-κB [10]. This is concordance with our finding in which 
EBN extract promoted proliferation of  P5 BMMSCs, 

which are in a relatively early phase of  senescence. 
However, in late phase of  BMMSCs senescence, the effect 
was not observed. It has been known that senescent cells 
secrete an altered mix of  factors into their environment 
[13]. It is suggested that in late phase of  senescence, the 
secreation of  those factors increase significantly, and 
these interfere with the effect of  EBN extract on P8 
BMMSCs. However, further investigation is needed to 
elucidate the detail mechanism of  action of  EBN extract 
on proliferation of  senescent BMMSCs.

EBN Extract Decreased SA-β-Gal Activity and Levels 
of  p16INK4a in Senescent BMMSCs 

Analysis of  senescence at the cellular level was 
carried out by measuring SA-β-Gal enzyme activity. 
In P5, treatment of  BMMSCs with EBN extracts as 
well as EGF showed a significant decrease in SA-β-Gal 
activity compared to control (Figure 3a). Treatment of  
P5 BMMSCs with 50 ppm and 200 ppm EBN extract 
decreased SA-β-Gal activity by approximately 28.6% and 
54.8% respectively, compared to the control, indicating 
that the effect of  EBN extract on SA-β-Gal activity was 
dose-dependent. Similarly, treatment of  P8 BMMSCs with 
200 ppm EBN extract decreased the SA-β-Gal activity by 
approximately 47.1% compared to the control (P<0.05). 

We also analyzed expression of  p16INK4a, a well known 
marker of  senescence. Consistent with SA-β-Gal activity, as 
shown in Figure 3b, p16INK4a mRNA level was decreased by 
approximately 80% in P5 BMMSCs treated with 200 ppm 
EBN extract compared to control (P<0.05). Treatment 
of  P5 BMMSCs with 50 ppm EBN extract caused only 
a slight decrease in p16INK4a mRNA level, indicating the 
effect of  EBN extracts on p16INK4a mRNA level was also 
dose-dependent. Similarly, treatment of  P8 BMMSCs 

Figure 3.  Effect of  EBN extracts on SA-β-Gal activity (a) and gene expression of  p16INK4A (b). a-d: dif-
ferent letter in each category means significantly different (P<0.05)
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with 200 ppm EBN extract decreased the mRNA level of   
p16INK4a to approximately 12% of  the control (P<0.05). 
Both the SA-β-Gal activity and the reduction of  p16INK4a 
expression indicate that, like EGF, EBN extract was able 
to reduce cell senescence of  BMMSCs during long-term in 
vitro expansion.

p16INK4A is an important player in the regulation of  
cell senescence. One of  p16INK4A’s major functions is to act 
as a cyclin-dependent kinase inhibitor (CKI) by binding 
to and inhibiting cyclin-dependent kinases (CDKs) 4 and 
6 [14]. Over time, mass inhibition of  the cell cycle causes 
cycle arrest and therefore senescence. Senescent cells that 
show elevated p16INK4A expression eventually lose ability 
to proliferate and cell population growth is halted [15]. 
Through its cell cycle inhibition effects, p16INK4A has 
also proven itself  to be a major regulator of  self-renewal 
of  various stem cell types [16]. It has been shown that 
silencing of  p16INK4A could increase hematopoietic stem 
cell proliferation and transplant efficacy [17]. Another 
study also demonstrated that to attempt a reversal of  cell 
cycle arrest, knockdown of  p16INK4A by lentiviral infection 
encourage the progenitor cells to enter cell division, 
increase cell proliferation, and lead to an overall increase 
in cell survival [5]. Concordant with this findings, our 
study demonstrated that EBN extract downregulated the 
expression of  cell cycle inhibitor p16INK4A in senescent 
BMMSCs and allowed progression of  the cell cycle 
and eventually increased the proliferation of  senescent 
BMMSCs (Table 1).

EBN Extract Reduced IL-6 Gene Expression in 
Senescent BMMSCs

Since SASP is strongly associated with senescence in 
stem cells, we also investigated the effect of  EBN extract on 
the expression of  IL-6, one of  the major SASP associated 
cytokines, in order to elucidate a possible mechanism by 
which EBN extract could reduce senescence of  BMMSCs. 
As shown in Figure 4, the expression level of  IL-6 was 
decreased by when BMMSCs were treated with EBN 
extract, both in P5 and P8 cells. In P5, treatment of  
BMMSCs with 50 ppm and 200 ppm EBN extract down-
regulated the expression of  IL-6 approximately 2.2-fold 
and 7.9-fold, respectively (P<0.05). In addition, treatment 
of  P8 BMMSCs with 200 ppm EBN extract also resulted 
in approximately 2.1-fold reduction of  IL-6 mRNA level 
compared to control (P<0.05). These results demonstrated 
that EBN extract also inhibited the expression of  IL-6, 
not only in P5 but also in P8 BMMSCs.

It is known that SASP is associated with increased 
expression of  chemokines and cytokines such as IL-6 and 
IL-8 [18]. Both in vivo and in vitro studies have documented 
that IL-6 has been shown in senescent cells. It has been 
shown that increased serum levels of  pro-inflammatory 
cytokines, including IL-6, in aged individuals as compared 
to young individuals [19]. Gene expression analysis by 
microarray in human hepatic stellate cells confirms that 
replicative senescence in these cells is associated with a 
pronounced inflammatory phenotype characterized by 
upregulation of  pro-inflammatory cytokines, including 

Figure 4.  Effect of  EBN extracts on gene expression of  IL-6. a-c: different letter in each cat-
egory means significantly different (P<0.05)
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IL-6 and IL-8 [20]. In senescent cells, IL-6 is suggested 
to reinforce senescence-associated proliferation arrest 
of  untransformed primary cells in a cell-autonomous 
autocrine manner [21].  Thus, IL-6 is an important marker 
in senescent cells, which prompted us to analyze the effect 
of  EBN extract on expression of  IL-6. We found that 
EBN extract inhibited IL-6 expression both in early stage 
(P5) and late stage (P8) of  senescence of  BMMSCs.  

NF-ĸB signaling is involved in inhibition of  IL-6 
gene expression in senescent BMMSCs

NF-κB as a transcription factor regulates a variety of  
cellular genes that are important in the maintenance of  
cellular physiology. To elucidate the involvement of  NF-κB 
in EBN extract-reduced expression of  IL-6, the expression 
level of  NF-κB1 was measured. We found that 200 ppm 
EBN extract reduced NF-κB1 mRNA level approximately 
2.4-fold both in P5 and P8 BMMSCs (P<0.05) (Figure 5). 
On the other hand, 20 ppm EBN extract reduced NF-
κB expression in P5 BMMSCs by approximately 1.3-fold, 
however the effect was not statistically significant. These 
results suggest that transcription factor NF-κB signaling 
may affected down-regulation of  IL-6 expression.

The expression of  IL-6 is controlled at multiple levels. 
Several factors have been described as regulators of  IL-6 
mRNA either at transcriptional or post-transcriptional 
level. The IL-6 promoter contains motifs for the binding 
of  many transcirption factors including NF-κB [22]. Many 
investigations exhibited that NF-kB functions as a central 

transcription factor by turning on pro-inflammatory 
mediators including IL-6, for the development of  chronic 
inflammatory diseases [20]. Several studies demonstrated 
an increase in constitutive NF-κB DNA binding in older 
animals over young animals. For instance, age-dependent 
elevation in NF-κB DNA binding has been reported in 
mouse and rat liver and heart and in rat brain indicating 
a potential involvement of  NF-κB in regulating aging-
associated chronic inflammation [23-24]. These studies 
indicates strong correlation between transcription factor 
NF-κB, IL-6 expression and senescence. Since our data 
demonstrated that EBN extract also decreased NF-kB1 
expression in P5 and P8 BMMSCs, the reduction of  IL-6 
mRNA levels may be associated with down-regulation 
of  NF-κB1 expression. However, since NF-κB signaling 
is a complex process involving many molecules, further 
investigation is needed to elucidate the mechanism.

Conclusion

We demonstrated that EBN extract significantly 
downregulated (SA-β-Gal) activity and the expression 
of  p16INK4a in P5 and P8 BMMSCs, indicating that 
EBN extract could act as anti-aging. Since EBN extract 
inhibited the expression of  IL-6 and transcription factor 
NF-kB in both P5 and P8 BMMSCs, it is suggested that 
the mechansim of  anti-aging of  EBN extract is through 
inhibition of  transcription factor NF-kB which control 
the expression of  pro-inflammatory mediator IL-6. This 

Figure 5.  Effect of  EBN extracts on gene expression of  NF-κB1. a-c: different letter in each 
category means significantly different (P<0.05)
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study also suggested that EBN extract could be useful as 
a nutraceutical and has development potential as an anti-
aging medicine. However, further in vivo study should be 
carried out to demonstrate the property of  EBN extract 
as anti-aging. 
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