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and damaging neighboring cells (4). In living organisms, 
senescence is characterized by the permanent, continuous 
deterioration of their biological functions and mechanisms 
(5). Senescence is caused by various mechanisms such 
as telomere shortening, environmental and internal stress 
factors, DNA damage, and mitochondrial malfunction that 
induce irreversible cell cycle arrest (6). Therefore, senescence 
is a major cause of age-related disease (7).
	 Recent experimental evidence shows that senescence is 
closely associated with aging (8). For example, researchers 
investigated the effects of senescent cells on the physical 
aspects of aging in mice (8). The researchers implanted a 
small number of senescent fat cells into healthy, young, 
and middle-aged mice to observe their effect on strength, 
endurance, and other indicators of physical health (8). 
The results showed that, in comparison to control mice, 
mice given senescent cells had slower walking speeds, 
worse physical endurance, and lower grip strength (8). This 
study, along with many others, indicated that the genetic or 
pharmaceutical removal of senescent cells can extend the 
life span and improve the health span (6). As a treatment 
strategy targeting senescence, some previous researchers 
used senolytic agents to induce apoptosis in senescent cells 
that show a senescence-associated secretory phenotype, or 
cells that excrete signals that turn senescent fibroblasts into 
pro-inflammatory cells (7). As a person ages, the efficiency 
of the immune system declines and causes the number of 
senescent cells to grow, resulting in stress responses caused 
by insults associated with aging (7). Because senescent cells 
in the brain can damage cognitive abilities, this can affect 
a person's capacity to overcome stress or disease, recover 
from injuries, and learn new things (9). Cellular senescence 
is closely connected to various age-related diseases like 
cancer, diabetes, osteoarthritis, Alzheimer’s disease, stroke, 
osteoporosis, dementia, and cardiovascular disease. It is also 
associated with mobility, eyesight, and cognitive ability (10). 
	 Small interfering RNAs (siRNA)  are highly specialized 
RNA molecules that inhibit the translation of specific 
messenger RNAs (mRNAs). Therefore, siRNA can control 
the translation of selective proteins (11). siRNAs are double-
stranded RNAs that have been transcribed and then cut into 
smaller fragments in the nucleus before being released into 
the cytoplasm (12). siRNA gene silencing is a promising 
novel therapeutic strategy that can theoretically be utilized 
to silence any disease-related gene. This can be done by 
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SUMMARY
	 Many studies explore whether harnessing a 
cellular state known as senescence holds the solution 
to revitalizing aging tissues. Senescent cells are 
unique in that they stop cell division but are resistant 
to apoptosis, a programmed cell death. Senescent 
cells continue to release chemicals that can trigger 
inflammation. mTOR inhibitors are currently the only 
known pharmacological interventions that increase 
lifespan and revitalize aging tissues in animal 
models. However, the side effect profiles of mTOR 
inhibitors are a major cause of concern because 
mTOR inhibitors inhibit the genes that regulate cell 
proliferation and immune cell differentiation. To 
explore a possible solution to the side effects of an 
mTOR inhibitor, we specifically targeted two mTOR 
downstream genes, RPS6KB1 (G1 cell cycle inducer) 
and PPARGC1A (mitochondria energy metabolism 
regulator) using a small interfering RNA (siRNA) 
to inhibit gene expression. We hypothesized that 
inhibiting expression of RPS6KB1 and PPARGC1A 
would decrease senescence caused by hydrogen 
peroxide (H2O2). We used human skin cells (Detroit 
551) to test our hypothesis and induced senescence 
by H2O2 treatment. Our result indicates that when both 
genes were knocked down by siRNA on Detroit 551 
cells pretreated with H2O2, the number of senescent 
cells significantly decreased compared to scrambled 
siRNA transfected control cells. Our results suggest 
that inhibiting gene expression of both RPS6KB1 
and PPARGC1A may inhibit senescence. Our results 
may support the development of novel treatments for 
revitalizing aging tissues and inhibiting inflammation 
triggered by senescent cells.  

INTRODUCTION
	 Cellular senescence is a state in which a cell undergoes 
a permanent cell cycle arrest but continues to live beyond 
its expected life span (1). In other words, it refers to a cell 
that can no longer divide but has continued metabolic activity 
(2). Senescence is involved in normal development, tissue 
homeostasis, and tumor progression control (2). However, 
senescent cells that remain in the body are hazardous as 
they constantly release chemicals that incite inflammation 
(3). In addition, senescent cells can induce inflammation 
in neighboring cells, thereby spreading the condition 
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chemically synthesizing a corresponding siRNA for a specific 
gene sequence. siRNA gene therapy allows the development 
of new remedies for previously incurable diseases with 
chemical antibodies or drugs (13). Also, the short process 
and cost-effectiveness of editing siRNA sequences have 
advantages over antibody-based treatment. Furthermore, 
constructing a new sequence of siRNA to deal with variants 
and mutations found in target regions can be easily verified 
as an effective treatment compared to modifying antibodies 
(14). 
	 siRNA therapy has previously been tested to target 
proximal tubular cells (PTCs), a cell type in the kidney that 
exhibits senescence as a result of aging and pathology, to 
preserve kidney functions (15). It was well documented that 
ischemia and acute kidney injuries caused by cisplatin, an 
anti-cancer chemotherapy drug, induce senescence in the 
kidney (16). In mouse models, researchers showed that 
intravenous administration of siRNA targeting the p53 gene 
in PTC cells successfully reduced cellular p53, thereby 
reducing p53-mediated apoptosis (17). A phase 3 clinical trial 
testing p53 siRNA for renal function maintenance after major 
cardiothoracic surgery is now being conducted to determine 
the validity of this technique (18). This study did not directly 
target senescent cells but showed the applicability of siRNA 
therapy. However, there are no published studies on using 
siRNA to target senescent cells to reduce senescence. To 
our knowledge, our study seems to be one of the first to use 
siRNA to target and inhibits senescent cells.  
	 The mammalian target of rapamycin (mTOR) regulates 

cell proliferation, autophagy, and apoptosis (19). The mTOR 
signaling system regulates cell proliferation and immune cell 
differentiation by regulating gene transcription and protein 
synthesis (20). mTOR regulates protein synthesis through a 
variety of downstream targets (20). Among many downstream 
target genes of mTOR signaling, S6K1 (p70-S6 Kinase 1) and 
4E-BP1 (eukaryotic initiation factor 4E (eIF4E) binding protein 
1) are the two best-characterized mTOR downstream targets 
(20).
	 mTOR also controls cellular senescence by regulating 
mitochondrial metabolism, autophagy, and protein translation, 
making it an essential regulator of aging (21). The mTOR 
pathway may hold the key to treatment for aging (21). The 
only known pharmacological treatment that increases 
lifespan is the inhibition of mTOR complex 1 with rapamycin 
(22). Rapamycin targets an evolutionarily conserved mTOR, 
a serine-threonine kinase that integrates various intracellular 
signals that respond to growth factors and nutrients (23). 
However, since this drug alters the expression level of 
hundreds of different genes, it also causes severe side effects, 
such as decreasing the number of red blood cells. Because 
of the limitations of rapamycin, we focused on specific genes 
in the mTOR pathway, namely two mTOR downstream 
molecules, Ribosomal Protein S6 Kinase B1 (RPS6KB1) 
and PPARG Coactivator 1 Alpha (PPARGC1A). RPS6KB1 
encodes p70S6K, a serine-threonine kinase that promotes 
protein synthesis, cell growth, and proliferation (24). P70S6K 
is a G1 cell cycle inducer that controls cell growth (25). 
PPARGC1A encodes the PGC-1α protein, a transcriptional 

Figure 1. siRNA targeting either RPS6KB1 or PPARGC1A efficiently inhibited the mRNA expression level of target genes. (A) Amplified 
RPS6KB1, PPARGC1A, and GAPDH genes from cDNA templates using agarose gel electrophoresis. Detroit 551 cells were transfected with 
either negative control (siRNA_control), siRNA targeting RPS6KB1 (siRNA_RPS6KB1), siRNA targeting PPARGC1A (siRNA_PPARGC1A), 
or a combination of both siRNAs (siRNA_RPS6KB1 + siRNA_PPARGC1A) for 48 h. (B) Bar graph showing mean ± SD of either normalized 
RPS6KB1 or PPARGC1A expression level (n=2) quantified by band intensity of agarose gel. RPS6KB1 and PPARGC1A expressions were 
normalized with the GAPDH expression level. One-way ANOVA with Tukey’s post hoc test, * p < 0.05, ** p < 0.01, *** p < 0.001.
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coactivator that regulates the genes involved in mitochondrial 
energy metabolism (26). This protein regulates mitochondrial 
biogenesis by controlling the crucial mitochondrial genes 
(27).
	 In this study, we hypothesized that inhibiting two mTOR 
downstream molecules, RPS6KB1 and PPARGC1A, 
would reduce senescence caused by H2O2. These targets 
were chosen for their impacts on reducing the number of 
senescent cells. We transfected siRNA targeting RPS6KB1 
and PPARGC1A genes and measured the number of 
senescent cells induced by H2O2, one of the primary causes 
of senescence. Our result indicated that targeting both genes 
efficiently decreased the number of senescent cells induced 
by H2O2.
 

RESULTS
	 We hypothesized that silencing two mTOR downstream 
molecules, RPS6KB1 and PPARGC1A, would reduce 
senescence caused by H2O2. This experiment aimed to 
test the effect of siRNAs that inhibit gene expression levels 
of RPS6KB1 and PPARGC1A in Detroit551 cells (human 
skin cells) (Figure 1). We transfected human skin cells with 
a control siRNA, one of the gene-targeted siRNAs, or a 
combination of siRNAs targeting two genes.  
	 We tested four conditions in this experiment (Figure 

1A). For negative control, we used a scrambled sequence 
that does not lead to the specific degradation of any human 
mRNAs (siRNA_control). We also used siRNA targeting 
either RPS6KB1 (siRNA_RPS6KB1) or PPARGC1A (siRNA_
PPARGC1A) for target gene silencing. siRNA_RPS6KB1 
inhibits the translation of RPS6KB1 mRNA, the messenger 
RNA that encodes p70S6K protein. siRNA_PPARGC1A 
inhibits the translation of PPARGC1A mRNA, the messenger 
RNA that encodes PGC1-α protein. Lastly, we tested 
the effect of combining both siRNAs (siRNA_RPS6KB1 
+ siRNA_PPARGC1A). siRNA_RPS6KB1 significantly 
decreased the expression level of RPS6KB1 compared to 
siRNA control (p = 0.001, one-way ANOVA, Figure 1B). 
Unexpectedly, siRNA_PPARGC1A significantly decreased 
the expression level of RPS6KB1 compared to siRNA control 
(p = 0.002, one-way ANOVA, Figure 1B). siRNA_RPS6KB1 
+ siRNA_PPARGC1A significantly decreased the expression 
level of RPS6KB1 compared to siRNA control (p = 0.0002, 
one-way ANOVA, Figure 1B), but combining both showed 
a lower efficiency of silencing RPS6KB1 than using siRNA_
RPS6KB1 alone. 
	 For PPARGC1A, siRNA_RPS6KB1 significantly 
decreased the expression level of PPARGC1A compared 
to siRNA_control (p = 0.047, one-way ANOVA, Figure 
1B), an unexpected result. Furthermore, for PPARGC1A, 
siRNA_PPARGC1A significantly decreased the expression 

Figure 2. Combination treatment of siRNAs targeting RPS6KB1 and PPARGC1A inhibits cellular senescence in Detroit 551 skin 
cells. (A) CellEvent Senescence Green probe staining images in Detroit 551 cells. Senescent cells were stained as green fluorescent cells. 
Detroit 551 cells were transfected with either negative control (siRNA_control), siRNA targeting RPS6KB1 (siRNA_RPS6KB1), siRNA 
targeting PPARGC1A (siRNA_PPARGC1A), or a combination of both siRNAs (siRNA_RPS6KB1 + siRNA_PPARGC1A) for 48 h. Then, the 
cells were incubated with 150 μM H2O2 for 2 h. (B) Bar graph showing mean ± SD of percentage of senescent cells (n=2) quantified by the 
fluorescence image. One-way ANOVA with Tukey’s post hoc test, **** p < 0.0001. 
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level of PPARGC1A compared to siRNA_control (p = 0.0011, 
one-way ANOVA, Figure 1B). siRNA_RPS6KB1 + siRNA_
PPARGC1A significantly decreased the expression level of 
PPARGC1A compared to siRNA_control (p = 0.0003, one-
way ANOVA, Figure 1B), which showed that combining 
both was most efficient in silencing PPARGC1A. This result 
indicates that transfection of siRNA_RPS6KB1, siRNA_
PPARGC1A, or siRNA_RPS6KB1 + siRNA_PPARGC1A 
effectively decreased the expression level of RPS6KB1 and 
PPARGC1A in Detroit 551 skin cells.
	 Next, we aimed to analyze the effect of siRNA silencing on 
cellular senescence. We used CellEvent senescence green 
probe, which stains the senescent cells to generate green 
fluorescence by targeting β-galactosidase. This well-known 
enzyme is produced in senescent cells, which we used as a 
criterion to determine senescent cells (28). First, Detroit 551 
cells were transfected with the four conditions (siRNA_control, 
siRNA_RPS6KB1, siRNA_PPARGC1A, siRNA_RPS6KB1 + 

siRNA_PPARGC1A) for 48 h. Then, the cells were treated 
with 150 μM H2O2 for 2 h. Finally, cells were stained with a 
senescence green probe, and the cell image was captured 
(Figure 2A). A similar percentage of green positive fluorescent 
cells was observed in three conditions (siRNA_Control, 
siRNA_RPS6KB1, and siRNA_PPARGC1A), indicating 
that knockdown of RPS6KB1 or PPARGC1A individually 
did not reduce senescence (Figure 2A). Surprisingly, the 
concentration of green positive fluorescent cells treated with 
siRNA_RPS6KB1 + siRNA_PPARGC1A was significantly 
less than the concentration observed in the control condition (p 
< 0.0001, one-way ANOVA, Figure 2B). This result indicates 
that silencing both RPS6KB1 and PPARGC1A together 
efficiently inhibits the H2O2-dependent transformation of 
Detroit 551 cells to senescent cells.  

DISCUSSION
	 We found that siRNA knockdown targeting both RPS6KB1 

Figure 3. Schematic model of siRNAs targeting RPS6KB1 and PPARGC1A, which effectively inhibit cellular senescence. Silencing 
P70(S6K)-α reduces the proportion of G1 cells, which can transform into senescent cells. Silencing PGC-1α blocks oxidative stress, 
a cellular condition that damages the cells and induces senescent cells. The red dotted line indicates the possible interaction of two genes 
in the same pathway. 
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and PPARGC1A genes effectively inhibits the number of 
senescent cells induced by H2O2 in Detroit 551 cells. Also, we 
observed unexpected results of siRNA targeting RPS6KB1 
decreased PPARGC1A expression level, and siRNA targeting 
PPARGC1A decreased RPS6KB1 expression level (Figure 
1). Therefore, we speculated that RPS6KB1 and PPARGC1A 
may share a similar pathway and that knockdown of either 
gene affects the other gene’s expression level.  
	 From our experiment, we were able to derive several 
interesting conclusions. mTOR genes, triggered by oxidative 
stress, activate RPS6KB1 and PPARGC1A genes, which 
may cause increased activation of P70(S6K)-α and PGC-
1α proteins (Figure 3). P70(S6K)-α proteins induce cell 
cycle activation from G0 phase to G1 phase which increases 
the number of G1 cells (29). Growth arrest in senescent 
cells mainly occurs in the G1 phase of the cell cycle (30). 
Therefore, P70(S6K)-α proteins increase the chance of 
cellular senescence in cells by activating their cell cycle 
(Figure 3). 
	 PGC-1α proteins activate mitochondrial biogenesis, 
which is the division of pre-existing mitochondria to increase 
mitochondrial numbers. The mitochondria not only synthesize 
ATP to generate energy for the cell but also cause the 
accumulation of reactive oxygen species (ROS), thereby 
potentially increasing oxidative stress (31). Reactive oxygen 
species (ROS) are unstable molecules consisting of radical 
and non-radical oxygen species formed by partial oxygen 
reduction (32). ROS are either generated via mitochondrial 
oxidative metabolism or as a cellular response to xenobiotics, 
cytokines, and bacterial invasion (33). Excessive amounts of 
ROS can cause oxidative stress, which is when the cellular 
antioxidant defense system is overwhelmed by the plethora 
of ROS, and unable to produce an effective antioxidant 
response (34). During oxidative stress, ROS can react with 
macromolecules and cause damage to lipids, proteins, and 
DNA (34). Macromolecular damage generated by oxidative 
stress is linked to aging and several disease states, including 
atherosclerosis, diabetes, cancer, neurodegeneration, and 
aging. In oxidative stress, ROS activates the mTOR signaling 
pathway and its downstream genes, some of which play a 
crucial role in inducing senescence and amplifying oxidative 
stress within the cell (34). One typical example of a reactive 
oxygen species would be H2O2, which was used to induce 
senescence in Detroit 551 cells (Figure 3). Oxidative stress 
is a circumstance in the cell where there is an imbalance 
between the number of reactive oxygen species and 
antioxidants that stabilize these species (35). Oxidative 
stress is a key cause of cellular senescence as reactive 
oxygen species act as reducing agents for proteins and DNA, 
which can deform their chemical structure (36). Mitochondria 
biogenesis activation can directly give rise to senescence 
through oxidative stress or formulate a positive feedback loop 
by inducing the activation of the mTOR pathway (Figure 3). 
	 The results of this study must be seen in the context of 
some limitations. First, our treatment was imposed on only one 

cell type: Detroit 551 cells. Given that there are approximately 
200 different types of cells in our body, further investigation is 
needed as our study results only investigated the senescence 
of Detroit 551 cells (37). Another limitation is that we solely 
used H2O2 to induce senescence in our cells. Though H2O2 

is the most common inducer of senescence, other reactive 
oxygen species in the body also cause senescence. Hence, 
we could not completely recreate the conditions of the cell 
environment in the human body. Since we used only one type 
of siRNA, we did not completely control for possible off-target 
effects. Additionally, the small sample size (n=2) is a limitation 
of this study. Therefore, increasing the sample size should be 
further investigated in the future. 
	 The most interesting result from our experiment is 
the effectiveness of the treatment when testing siRNA_
RPS6KB1 + siRNA_PPARGC1A. The inhibition of both of our 
target genes was necessary to decrease the percentage of 
senescent cells significantly. In conclusion, this study can be 
applied to targeted gene therapy that blocks the senescent 
cells produced by H2O2.   

MATERIALS AND METHODS
Cell culture and maintenance
	 Detroit 551 (normal human skin cells) were purchased 
from the Korea Cell Line Bank. The cells were maintained 
in the cell culture medium RPMI 1640 (Gibco) supplemented 
with 10% Fetal Bovine Serum (Gibco) and 1% penicillin and 
streptomycin antibiotic reagents (Gibco). The cells were 
maintained in the 5% CO2 incubator at 37°C. To passage 
and plate cells, 0.25% Trypsin-EDTA solution was used 
to dissociate the cells from the old culture plate. Then, the 
detached cells were moved into a new culture plate with fresh 
RPMI1640 cell culture media.  

siRNA transfection
	 Since siRNA cannot be directly delivered inside the cell 
cytosol through the cell membrane, we used liposomes to 
carry the siRNA into the cells (11). siRNA has a negative 
charge, and liposomes have a positive charge. Therefore, 
when mixed together, they form a complex where the 
liposome encases the siRNA. To perform siRNA transfection, 
safely delivering the transaction reagent into the cell using 
non-viral methods, we amalgamated siRNA and liposome 
to form a siRNA-liposome complex (12). In a six-well culture 
plate, 0.6 x 106 cells were added to each well. The control 
liposome-siRNA complex consisted of 7 µL of liposome 
RNAimax transfection reagent (Invitrogen) and 3 µL of siRNA 
control. We used the AccuTarget™ Negative Control siRNA 
(Bioneer) for the control siRNA. This negative control siRNA 
is a non-targeting siRNA consisting of sequences with low 
homology with humans, mice, and rats, thereby preventing 
the binding of the negative control siRNA with the mRNA 
of human cells. For the siRNA solutions targeting either 
RPS6KB1 or PPARGC1A, we combined 7 µL of liposome 
and 3 µL of the relevant siRNA. To test the effect of dual 
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RPS6KB1 or PPARGC1A knockdown on the number of 
senescent cells, we combined 14 µL of liposome, 3 µL of 
RPS6KB1 siRNA, and 3 µL of PPARGC1A siRNA. After the 
siRNA and liposome complex was added to each well, the 
cells were incubated for 48 hours. The predesigned siRNA 
targeting RPS6KB1 (Bioneer, catalog # 6198-1) was used. 
For PPARGC1A siRNA the following sequence was used: 
Sense: AAGUGCAGAAUCAACUUGAAG=tt; Anti-Sense: 
CUUCAAGUUGAUUCUGCACUU=tt.

Total RNA extraction from cells
	 AccuPrep Universal RNA Extraction Kit (Bioneer) 
was used to isolate total RNA from cultured cells. RNA 
was extracted according to the manufacturer's manual of 
AccuPrep Universal RNA Extraction Kit (Bioneer). 

cDNA synthesis 
	 We used a reverse transcriptase kit (Enzynomics) to 
synthesize cDNA from extracted RNA. For each of our four 
samples of extracted RNA (7 µL each), we added 1 µL of 
10x TOPscript™ RT Buffer, 0.5µL of TOPscript™ Reverse 
Transcriptase (200 units/µL), 1 µL of dNTP Mixture, and 
0.5µL of oligo dT primer. We then put our four solutions into 
a thermal cycler (BioRad) to synthesize cDNA. The following 
temperature and time were used in the thermal cycler: 1) 
45°C for 60 min, 2) 95°C for 5 min, 3) 4°C for infinite (sample 
storage). 

Polymerase Chain Reaction (PCR)
	 The synthesized cDNA was amplified using a thermal 
cycler. For each sample, RPS6KB1, PPARGC1A, GAPDH 
genes were synthesized. We prepared 20 µL PCR reactions 
for each gene. We used a premixed PCR solution (Bioneer) 
and added 1 µL cDNA, 1 µL forward primer (1 μM), 1 µL 
reverse primer (1 μM), and 17 µL water. The following 
temperature and time were used in the thermal cycler: 1) 
95°C for 3 min, 2) 95°C for 30 sec, 3) 62°C for 30 sec, 4) 72°C 
for 20 sec, 5) repeat step 2 to 4 for 34 cycles, 6) 72°C for 5 
min, 7) 12°C infinite (sample storage).   

Agarose electrophoresis
	 We used agarose electrophoresis to compare the amount 
of amplified cDNA. To prepare the agarose gel, we mixed 
0.6509g of agarose powder with 50mL of Tris-Borate-EDTA 
(TBE) buffer to create a 1.3% agarose solution. In order to 
melt the agarose inside the solution, we microwaved the 
solution for 3 min so that it mixed thoroughly with the buffer. 
After the agarose powder was completely melted into the 
solution, the solution was poured into the gel caster. After the 
gel was solidified for 30 min, the gel was placed into the gel 
tank (Mupid). Then, 1 x TBE buffer was poured over the gel to 
cover it fully. Each 7 µL of amplified DNA solution was loaded 
into each well. After the sample loading, the gel was run at 
100 V for 25 min. Then, the gel was placed on the blue light 
illuminator to visualize the DNA amplified band. 

Senescence assay
	 CellEvent Senescence Green Detection Kit (Invitrogen, 
C10850) was used to quantify the percentage of senescent 
cells. The cells were plated into a flat-bottom 96 well plate 
and incubated overnight. After the cells were transfected with 
the indicated siRNA, they were incubated for 48 h. Then, 150 
µM H2O2 was added to each sample for 2 h because H2O2 
is widely used to achieve oxidative stress-induced premature 
senescence. The cells were washed with phosphate-buffered 
saline (PBS). Then, the cells were fixed with the methanol 
for 10 min at room temperature. After the fixation solution 
was removed, the cells were washed with 1% bovine serum 
albumin (BSA) in PBS. The prewarmed Working Solution 
was added to each well of the 96-well plate. Then, the plate 
was covered with plastic film to prevent moisture loss and 
incubated for 2 h at 37°C. After the incubation, the working 
solution was removed and the samples were washed three 
times with PBS. The cells were detached from the 96-well 
plate and placed on the cell counting slide. A LUNA-FL cell 
counter (Logos Biosystems) was used to photograph the 
image of green fluorescence positive cells. Then, LUNA-FL 
cell counter quantifies the percentage of the number of green 
fluorescence cells among the total number of cells within the 
sample. 

ImageJ Data Analysis
	 We used ImageJ's Gels analysis tools to measure the 
intensity of pixels in selected regions on the gel, which were 
displayed as a continuous graph classifying pixel intensity by 
horizontal location. Then, using the "Straight Tool," we divided 
the continuous graph into four separate areas representing 
siRNA_Control, siRNA_RPS6KB1, siRNA_PPARGC1A, 
and siRNA_RPS6KB1 + siRNA_PPARGC1A. By clicking on 
each region with a "wand tracing tool," the area of the region 
was calculated and displayed on the "Results" interface. This 
procedure was followed twice each for RPS6KB1, GAPDH, 
and PPARGC1A to collect the appropriate data stored in 
an Excel file. We used GAPDH as a housekeeping gene, 
which represents the total amount of RNA in a given sample. 
Experimental errors can cause the total amount of RNA to 
change across samples, so GAPDH plays a crucial role in 
allowing us to normalize the data obtained from RPS6KB1 and 
PPARGC1A. For each intensity data obtained from siRNA_
Control, siRNA_RPS6KB1, siRNA_PPARGC1A, siRNA_
RPS6KB1 + siRNA_PPARGC1A, we divided the quantified 
intensity data of RPS6KB1, PPARGC1A by the corresponding 
GAPDH intensity to normalize our data. To further analyze 
the normalized data, we used Prism 8 to graph our data and 
verify its statistical significance. The mean and standard error 
of deviation were calculated. For quantifying the PPARGC1A 
gene, we quantified the upper band because our primers 
were designed to amplify 175 bp and the upper band size was 
relatively similar to the lower bands. 
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Statistical analysis 
	 We used the graphing tool Prism 8 to analyze the statistical 
significance. We used a one-way ANOVA with a Tukey post 
hoc test. A P-value less than 0.05 was considered statistically 
significant. “n” indicates the biological replicates. 

ACKNOWLEDGMENTS
	 We thank the parents of Jason Kim for providing financial 
assistance for this research. We would also like to acknowledge 
the University of Suwon for providing a supportive research 
environment with copious technical equipment.

Received: April 02, 2022
Accepted: September 05, 2022
Published: October 05, 2022

REFERENCES
1.	 Regulski, Matthew J. “Cellular Senescence: What, Why, 

and How.” Wounds : A Compendium of Clinical Research 
and Practice, vol. 29, no. 6, June 2017, pp. 168–74.

2.	 Sabbatinelli, Jacopo, et al. “Where Metabolism Meets 
Senescence: Focus on Endothelial Cells.” Frontiers in 
Physiology, vol. 10, Dec. 2019, p. 1523, doi:10.3389/
fphys.2019.01523.

3.	 Childs, Bennett G., et al. “Cellular Senescence in 
Aging and Age-Related Disease: From Mechanisms to 
Therapy.” Nature Medicine, vol. 21, no. 12, Dec. 2015, pp. 
1424–35, doi:10.1038/nm.4000.

4.	 Uyar, Bora, et al. “Single-Cell Analyses of Aging, 
Inflammation and Senescence.” Ageing Research 
Reviews, vol. 64, Dec. 2020, p. 101156, doi:10.1016/j.
arr.2020.101156.

5.	 McHugh, Domhnall, and Jesús Gil. “Senescence 
and Aging: Causes, Consequences, and Therapeutic 
Avenues.” The Journal of Cell Biology, vol. 217, no. 1, 
Jan. 2018, pp. 65–77, doi:10.1083/jcb.201708092.

6.	 Xu, Ming, et al. “Senolytics Improve Physical Function 
and Increase Lifespan in Old Age.” Nature Medicine, vol. 
24, no. 8, Aug. 2018, pp. 1246–56, doi:10.1038/s41591-
018-0092-9.

7.	 Pawelec, Graham, et al. “The Conundrum of Human 
Immune System ‘Senescence’.” Mechanisms of Ageing 
and Development, vol. 192, Dec. 2020, p. 111357, 
doi:10.1016/j.mad.2020.111357.

8.	 Yousefzadeh, Matthew J et al. “Mouse Models of 
Accelerated Cellular Senescence.” Methods in molecular 
biology (Clifton, N.J.) vol. 1896 (2019): 203-230. 
doi:10.1007/978-1-4939-8931-7_17

9.	 Schwab, Nicole, et al. “Cellular Senescence in Traumatic 
Brain Injury: Evidence and Perspectives.” Frontiers in 
Aging Neuroscience, vol. 13, Sept. 2021, p. 742632, 
doi:10.3389/fnagi.2021.742632.

10.	 Sikora, Ewa, et al. “Cellular Senescence in Aging, 
Age-Related Disease and Longevity.” Current Vascular 
Pharmacology, vol. 12, no. 5, 2014, pp. 698–706, doi:10.

2174/1570161111666131219094045.
11.	 Alshaer, Walhan, et al. “SiRNA: Mechanism of Action, 

Challenges, and Therapeutic Approaches.” European 
Journal of Pharmacology, vol. 905, Aug. 2021, p. 174178, 
doi:10.1016/j.ejphar.2021.174178.

12.	 Hu, Bo, et al. “Clinical Advances of SiRNA Therapeutics.” 
The Journal of Gene Medicine, vol. 21, no. 7, July 2019, 
p. e3097, doi:10.1002/jgm.3097.

13.	 Koutsilieri, E et al. “The therapeutic potential of siRNA 
in gene therapy of neurodegenerative disorders.” Journal 
of Neural Transmission. Supplementum ,72 (2007): 43-9. 
doi:10.1007/978-3-211-73574-9_7

14.	 Hu, Bo, et al. “Therapeutic SiRNA: State of the Art.” 
Signal Transduction and Targeted Therapy, vol. 5, no. 1, 
June 2020, p. 101, doi:10.1038/s41392-020-0207-x.

15.	 van de Water, Femke M, et al. “Intravenously administered 
short interfering RNA accumulates in the kidney and 
selectively suppresses gene function in renal proximal 
tubules.” Drug Metabolism and Disposition: the Biological 
Fate of Chemicals vol. 34,8 (2006): 1393-7. doi:10.1124/
dmd.106.009555

16.	 Li, Caizhen, et al. “N-acetylcysteine ameliorates cisplatin-
induced renal senescence and renal interstitial fibrosis 
through sirtuin1 activation and p53 deacetylation.” Free 
Radical Biology & Medicine vol. 130 (2019): 512-527. 
doi:10.1016/j.freeradbiomed.2018.11.006

17.	 Molitoris, Bruce A., et al. “siRNA targeted to p53 attenuates 
ischemic and cisplatin-induced acute kidney injury.” 
Journal of the American Society of Nephrology: JASN 
vol. 20,8 (2009): 1754-64. doi:10.1681/ASN.2008111204

18.	 Thielmann M., et al. Teprasiran, a Small Interfering RNA, 
for the Prevention of Acute Kidney Injury in High-Risk 
Patients Undergoing Cardiac Surgery: A Randomized 
Clinical Study. Circulation. 2021 Oct 5;144(14):1133-
1144. doi: 10.1161/CIRCULATIONAHA.120.053029. 

19.	 Ballou, Lisa M, and Richard Z Lin. “Rapamycin and 
mTOR kinase inhibitors.” Journal of Chemical Biology 
vol. 1,1-4 (2008): 27-36. doi:10.1007/s12154-008-0003-5

20.	 Saxton, Robert A, and David M Sabatini. “mTOR 
Signaling in Growth, Metabolism, and Disease.” Cell vol. 
168,6 (2017): 960-976. doi:10.1016/j.cell.2017.02.004

21.	 Papadopoli, David, et al. “MTOR as a Central Regulator 
of Lifespan and Aging. [Version 1; Peer Review: 
3 Approved].” F1000Research, vol. 8, July 2019, 
doi:10.12688/f1000research.17196.1.

22.	 Li, Jing, et al. “Rapamycin: One Drug, Many Effects.” 
Cell Metabolism, vol. 19, no. 3, Mar. 2014, pp. 373–79, 
doi:10.1016/j.cmet.2014.01.001.

23.	 23.	 Bjedov, Ivana, and Charalampos Rallis. “The 
Target of Rapamycin Signalling Pathway in Ageing and 
Lifespan Regulation.” Genes, vol. 11, no. 9, Sept. 2020, 
doi:10.3390/genes11091043.

24.	 Bahrami-B, Farnaz, et al. “P70 Ribosomal Protein 
S6 Kinase (Rps6kb1): An Update.” Journal of Clinical 
Pathology, vol. 67, no. 12, Dec. 2014, pp. 1019–25, 



05 OCTOBER 2022  |  VOL 10   |  8Journal of Emerging Investigators  •  www.emerginginvestigators.org

doi:10.1136/jclinpath-2014-202560.
25.	 Chen, Bojiang, et al. “Hyperphosphorylation of RPS6KB1, 

Rather than Overexpression, Predicts Worse Prognosis 
in Non-Small Cell Lung Cancer Patients.” Plos One, vol. 
12, no. 8, Aug. 2017, p. e0182891, doi:10.1371/journal.
pone.0182891.

26.	 Liang, Huiyun, and Walter F. Ward. “PGC-1alpha: A 
Key Regulator of Energy Metabolism.” Advances in 
Physiology Education, vol. 30, no. 4, Dec. 2006, pp. 
145–51, doi:10.1152/advan.00052.2006.

27.	 Villena, Josep A. “New Insights into PGC-1 Coactivators: 
Redefining Their Role in the Regulation of Mitochondrial 
Function and Beyond.” The FEBS Journal, vol. 282, no. 
4, Feb. 2015, pp. 647–72, doi:10.1111/febs.13175.

28.	 Kurz, D. J., et al. “Senescence-Associated (Beta)-
Galactosidase Reflects an Increase in Lysosomal Mass 
during Replicative Ageing of Human Endothelial Cells.” 
Journal of Cell Science, vol. 113 ( Pt 20), Oct. 2000, pp. 
3613–22, doi:10.1242/jcs.113.20.3613.

29.	 Edelmann, H. M., et al. “Cell Cycle Regulation of P70 
S6 Kinase and P42/P44 Mitogen-Activated Protein 
Kinases in Swiss Mouse 3T3 Fibroblasts.” The Journal 
of Biological Chemistry, vol. 271, no. 2, Jan. 1996, pp. 
963–71, doi:10.1074/jbc.271.2.963.

30.	 Kumari, Ruchi, and Parmjit Jat. “Mechanisms of Cellular 
Senescence: Cell Cycle Arrest and Senescence 
Associated Secretory Phenotype.” Frontiers in Cell and 
Developmental Biology, vol. 9, Mar. 2021, p. 645593, 
doi:10.3389/fcell.2021.645593.

31.	 Chen, Shang-Der, et al. “Roles of Oxidative Stress, 
Apoptosis, PGC-1α and Mitochondrial Biogenesis in 
Cerebral Ischemia.” International Journal of Molecular 
Sciences, vol. 12, no. 10, Oct. 2011, pp. 7199–215, 
doi:10.3390/ijms12107199.

32.	 Jakubczyk, Karolina et al. “Reactive oxygen species - 
sources, functions, oxidative damage.” Polski merkuriusz 
lekarski : organ Polskiego Towarzystwa Lekarskiego vol. 
48,284 (2020): 124-127.

33.	 Murphy, Michael P. “How mitochondria produce reactive 
oxygen species.” The Biochemical journal vol. 417,1 
(2009): 1-13. doi:10.1042/BJ20081386

34.	 Juan, Celia Andrés et al. “The Chemistry of Reactive 
Oxygen Species (ROS) Revisited: Outlining Their Role 
in Biological Macromolecules (DNA, Lipids and Proteins) 
and Induced Pathologies.” International Journal of 
Molecular Sciences, vol. 22,9 4642. 28 Apr. 2021, 
doi:10.3390/ijms22094642.

35.	 Liguori, Ilaria, et al. “Oxidative Stress, Aging, and 
Diseases.” Clinical Interventions in Aging, vol. 13, Apr. 
2018, pp. 757–72, doi:10.2147/CIA.S158513.

36.	 Romano, Antonino D., et al. “Oxidative Stress and Aging.” 
Journal of Nephrology, vol. 23 Suppl 15, Oct. 2010, pp. 
S29-36.

37.	 Hatano, Akiko et al. “CELLPEDIA: a repository for 
human cell information for cell studies and differentiation 

analyses.” Database : the journal of biological databases 
and curation vol. 2011 bar046. 29 Oct. 2011, doi:10.1093/
database/bar046.

Copyright: © 2022 Kim & Lee. All JEI articles are distributed 
under the attribution non-commercial, no derivative license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).  This 
means that anyone is free to share, copy and distribute an 
unaltered article for non-commercial purposes provided the 
original author and source is credited.


