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ABSTRACT

Human diploid fibroblasts (HDFs) undergo a limited
number of cell divisions in culture. After certain popu-
lation doublings, they reach a state of irreversible
growth arrest known as replicative senescence. Se-
nescent HDFs showed several molecular and cyto-
logical changes such as large flat morphology, expres-
sion of senescence-associated S-galactosidase (SA f-gal)
activity and altered gene expression. Small interfering
RNA (siRNA) has been demonstrated to be a poten-
tial research tool to analyse gene function and path-
way. Expression of an appropriate housekeeping or
reference gene can be used as a measurement of
transfection efficiency in siRNA. Therefore this study
was designed to determine the suitability of GAPDH
expression as a measurement of transfection effi-
ciency for p16™** gene silencing in HDF's aging model.
GAPDH knockdown with an appropriate transfection
reagent was measured by quantitative real time
RT-PCR while cellular senescence was characterized
based on morphological changes, expression of SA
Bgal and p16™%* expression levels. Our findings
showed that GAPDH knockdown represents silencing
efficiency and down regulation of p16™** in sene-
scent transfected HDFs caused morphological altera-
tions which results in the formation of spindle shaped
fibroblasts. This study demonstrated the suitability of
GAPDH expression as a measurement of transfection
efficiency for p16™*** gene silencing in HDFs aging
model.
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1. INTRODUCTION

Cellular senescence is recognized as a general response to
a variety of oncogenic and genotoxic stresses. It was
originally observed in cultures of primary Human Diploid
Fibroblasts (HDFs) as they reached the end of their pro-
liferative life span [1]. Normal HDFs enter the senes-
cence state after about 55 - 60 population doublings [2].
Senescent cells have been shown to accumulate with age
in human tissues and thus have been proposed to con-
tribute to organismal aging [3]. Senescent cells are resis-
tant to mitogen-induced proliferation, express senes-
cence-associated S-galactosidase (SA f-gal) activity and
have an enlarged and flattened morphology [4-7]. Con-
sequently, senescent cells exhibit a gradual loss of repli-
cative potential that results in reduced cell harvest and
saturation densities [8].

A distinctive feature of senescent HDFs is that they
express elevated levels of pl6™* and p21°"" Cyclin-
Dependent Kinase (CDK) inhibitors [9-13].

Different roles of p21 and p16 in cellular senescence
of human diploid fibroblasts have been reported. Up-
regulation of pl16 might be essential for maintaining cell
cycle arrest in cellular senescence, whereas p21 might be
responsible for the inactivation of both cyclin E and cy-
clin DI-associated kinase activity at the early stage of
replicative senescence. A series of cyclin-dependent kinases
(CDKs) such as CDK2, CDK4 and CDK®6 has been re-
ported to play a critical role in the phosphorylation of
pRb [14,15] which results in pRb loses its ability to bind
to E2F/DP transcription factor complexes. As a conse-
quence, cells commit to S-phase of the cell cycle. How-
ever, in senescent cells the activity of CDKs is inhibited
by CDK inhibitors such as p*'“*" and p16™*** [10,11,16].
Induction of p16™*** and p*'“®" prevents phosphorylation
of pRb and results in a stable G1 arrest [17]. Thus, CDK
inhibitors have the capacity to arrest cells in the GI-
phase of the cell cycle and its probable physiological role
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is in the implementation of irreversible growth arrest
termed cellular senescence [18]. In addition, CDK in-
hibitors specifically p16™%* can induce some features of
cell senescence [19-23]. Therefore, CDK inhibitor p16
was suggested as an important player in aging and age-
related diseases. Previous study showed that p16 expres-
sion was very low or absent in young organisms but was
increased with advancing age [24].

Over expression of any of the CDK inhibitors will in-
duce Gl cell cycle arrest. The INK4 (inhibitors of CDK4)
family of CDK inhibitors including pl5, pl6, pl8 and
p19, bind to and inhibit CDK4 and CDK®6. In contrast,
the Cip/Kip (CDK2-interacting protein) family of CDK
inhibitors (p21, p27 and p57) exhibits a broad specificity
for CDKs [25].

CDK inhibitor p16 has emerged as an important player
in aging and age-related diseases. pl6™ * can induce
some features of cell senescence [19-23]. p16 expression
was very low or absent in young organisms but was in-
creased with advancing age [24].

In recent years, advances in the development of tech-
nologies based on short RNAs that silence gene expres-
sion and knockdown the production of proteins have been
enormous. The initial report on the development of a
potent and sequence specific gene silencing by injecting
double-stranded RNA (dsRNA) into Caenorhabditis ele-
gans in 1998 sparked the phenomenon known as inter-
ference RNA (RNAI) [26,27]. Application of RNAi was
restricted to basic research on the mechanisms of gene
expression regulation in nematode and flies, until it was
found that gene expression in mammalian cells was si-
lenced by transfecting the cells with “short” RNA inhibi-
tors also known as siRNA [28]. Therefore, inhibition of
gene expression using the RNAi has become the method
of choice for studying gene function in mammalian cells.
However, successful knockdown of the target gene re-
quires efficient delivery of short or small interfering RNAs
[29].

The efficiency of siRNA delivery can vary between cell
types with different delivery methods. Therefore, identi-
fying a suitable housekeeping gene as a positive control
for optimizing gene silencing is important to facilitate
successful delivery of siRNA without affecting cell vi-
ability.

Housekeeping genes or reference genes are essential
endogenous regulatory genes that are involved in various
processes in the cell such as metabolism, cell structure,
gene transcription and homeostasis and are therefore
constitutively expressed [30].

The RNA encoding for glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) is universally expressed. GAPDH
catalyzes the oxidative phosphorylation of glyceraldehyde
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3-phosphate to 1,3-bisphosphoglycerate during glycoly-
sis as well as the reverse reaction in tissues involved in
gluconeogenesis. GAPDH has also been implicated in
other ubiquitous processes such as DNA replication and
repair as well as in apoptosis [31]. In this study, we de-
termined the transfection efficiency for p'®™*** gene si-
lencing by using GAPDH siRNA as a positive control.
The silencing effect of p16™** gene in senescent HDFs
was also observed.

2. MATERIALS AND METHODS

2.1. Cell Culture and Induction of Cellular
Senescence

This research has been approved by the Ethics Commit-
tee of Universiti Kebangsaan Malaysia (Approval Project
Code: FF-328-2009). Primary HDFs were derived from
the circumcision foreskins of 9 to 12 year-old boys. Writ-
ten informed consents were obtained from parents of all
subjects. The samples were aseptically collected and
washed several times with 75% alcohol and phosphate
buffered saline (PBS) containing 1% antibiotic-antimy-
cotic solution (PAA, Austria). After removing the epi-
dermis, the pure dermis was cut into small pieces and
transferred into a falcon tube containing 0.03% colla-
genase type I solution (Worthington Biochemical Corpo-
ration, USA). Pure dermis was digested in the incubator
shaker at 37°C for 6 - 12 h. Then, cells were rinsed with
PBS before being cultured in Dulbecco Modified Eagle
Medium (DMEM) containing 10% fetal bovine serum
(FBS) (PAA, Austria) and 1% antibiotic-antimycotic
solution at 37°C in 5% CO, humidified incubator. After 5
- 6 days, the cultured HDFs were harvested by trypsini-
zation and culture-expand into new T25 culture flasks
(Nunc, Denmark) with expansion degree of 1:4. When
the subcultures reached 80% - 90% confluence, serial
passaging was done by trypsinization and the number of
population doublings (PDs) was monitored until HDFs
reached senescence. For the subsequent experiments,
cells were used at passage 4 (young cells, population
doubling; PD < 12), passage 20 (pre-senescent cells, 30
< PD < 40), or passage 30 (senescent cells, PD > 55).

The number of population doubling of the cells was
determined by cell count using trypan blue exclusion dye
by using the following formula:
Example:

Initial cell seeding—N,: 100, 000.

Total cell count when culture confluent—N;: 800,000.

Therefore 2" = 800,000/100,000 = 8.

n log2=1og8.

The number of cell doubling in culture; n = 3.

Figure 1 shows the arrangement of cells treatment for
this study.
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Figure 1. Experimental design.

2.2. Chemical Transfection for 100 nM of siRNA

Senescent HDFs were plated in triplicates with cells den-
sity of 2 x 10* per well in 24-well plates. Cells were cul-
tured in antibiotic-free DMEM complete culture medium
containing 5% FBS (PAA, Austria) at 37°C in 5% CO,
humidified incubator. After overnight incubation, 2 pM
of ON-TARGETplus GAPDH control pool siRNA and 2
uM ON-TARGETplus SMARTpool pl6™** siRNA
(Dharmacon, USA) solutions were prepared in 1X siRNA
buffer (Thermo Scientific, USA). Transfection complexes
were prepared in antibiotic-free and serum-free medium
by mixing 2 uM of siRNA solution and DharmaFECT
tranfection reagents (Thermo Scientific, USA) according
to the manufacturer’s recommended protocol. Cells were
incubated for 48 h and subsequently the RNA was ex-
tracted for real time RT-PCR analysis.

The arrangement of cells treatment for optimization of
different transfection reagents is shown in Figure 2.

2.3. Morphology Analysis

Senescent HDFs were transfected with ON-TARGETplus
SMARTpool p16™ 4 siRNA according to the manufac-
turer’s instruction. Cells were incubated for 48 h at 37°C
in 5% CO, humidified incubator. After 48 h transfection,
morphology analysis was carried out under inverted mi-
croscope.

Copyright © 2012 SciRes.

Real Time PCR analysis
(Gene expression)

2.4. Senescence-Associated f-Galactosidase (SA
f-Gal) Staining

HDFs positive for SA f-gal activity was determined as
described by Dimri et al. 1995 [5]. SA f-gal staining was
performed with a senescent cell staining kit (Sigma, USA)
according to the manufacturer’s instructions. A total of 1
x 10° cells were seeded in six-well plates and incubated
with fixation buffer (2% formaldehyde/0.2% glutaralde-
hyde) for 6 - 7 min at room temperature. Cells were then
rinsed three times with PBS and incubated with 5-bromo-
4-chloro-3-indolyl S-D-galactopyranoside at 1 mg/ml in
a buffer containing 40 mM citric acid/phosphate (pH 6.0),
5 mM K;FeCNg, 5 mM K FeCNg, 150 mM NaCl, and 2
mM MgCl, for 4 h at 37°C in the absence of CO,. Blue
staining was visible after incubation and the percentage
of blue cells observed in 100 cells under a light micro-
scope was calculated.

2.5. RNA Extraction

Total RNA from cultured HDFs in different treatment
groups was extracted using TRI Reagent (Molecular Re-
search Center, USA) according to the manufacturer’s
instruction. Polyacryl Carrier (Molecular Research Cen-
ter, USA) was added in each extraction to precipitate the
total RNA. Extracted RNA pellet was then washed with
75% ethanol and dried before dissolved in RNase and
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Figure 2. Experimental design for different transfection reagents optimization.

DNase free distilled water [32]. The yield and purity of
the extracted total RNA were determined by Nanodrop
(Thermo Scientific, USA) in triplicates. Total RNA con-
centration was then adjusted to 50 - 100 ng/ul before
stored at —80°C immediately after extraction.

2.6. Real Time RT-PCR

Quantitative real-time RT-PCR reaction was carried out to
evaluate the expression of GAPDH and p16™** using 1
ul total RNA as template, 1 ul of forward and reverse
primers and iScript One-Step RT-PCR reagent with SYBR
Green (Bio-Rad, USA). All reactions were run in dupli-
cate with reaction profile as follows; cDNA synthesis for
30 min at 50°C; pre-denaturation for 2 min at 94°C; PCR
amplification for 38 cycles with 10 sec at 94°C and 30 sec
at 61°C [33] using the Bio-Rad iCycler (Bio-Rad, USA).
The primers sequence of GAPDH and p16™** are shown
in Table 1. Relative expression value of target genes was
calculated based on the 27" method of relative quanti-
fication [34] by the following equation:

: : 1 f GAPDH — 1
Relative expression value = 2¢* Y o ¢ Ct value gene
of interest

2.7. Statistical Analysis

Each experiment was performed in duplicates on three
independent cultures. Data were reported as means + SD.
Student’s #-test (two-tailed) was used to compare differ-
ences between groups. P < 0.05 was considered statisti-
cally significant.

Copyright © 2012 SciRes.

Table 1. Primer sequences for quantitative real-time RT-PCR.

Gene A:lclflensls)::.n Sequence (5°—3’) Pr;)ig:ct
16™N% M 058197Forward: ata tgc ctt ccc cca cta cc 129

p - Reverse: cgt gag tgc tca ctc cag aa

GAPDH BC020308 Forward: tcc ctg age tga acg gga ag 217

Reverse: gga gga gtg ggt gtc get gt

3. RESULTS

3.1. GAPDH as a Positive Control of Gene
Silencing

In order to determine the efficiency and successful deliv-
ery of siRNA in senescent HDFs, optimization of the
different transfection reagents was carried out using
GAPDH siRNA as a positive control. The results showed
a significant inhibition of GAPDH mRNA expression in
transfected senescent HDFs when DharmaFECT trans-
fection reagent 1 was used (p < 0.05) (Figure 3). Similar
inhibition of GAPDH mRNA expression was not ob-
served when DharmaFECT transfection reagent 2 (TR 2),
3 (TR 3) and 4 (TR 4) were used. Figure 4 shows a sig-
nificant inhibition of GAPDH mRNA expression in se-
nescent HDFs transfected with GAPDH siRNA for 48 h
(p <0.05).

3.2. mRNA Expression of p16"™** in HDFs
Aging Model

p16™*** mMRNA expression was increased in senescent
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Figure 3. Effect of transfection reagent (TR) on GAPDH
expression. Four DharmaFECT transfection reagents were
tested for transfection optimization. DharmaFECT transfec-
tion reagent 1 (TR1) showed a significant knockdown of
GAPDH compared to DharmaFECT 2 (TR2) and Dhar-
maFECT 3 (TR3); (#); p < 0.05. All values were expressed
as relative expression value (REV) with mean + SD, n = 6.

2 & 2 2 =
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GAPDH
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@ DharmaFECT1

Figure 4. Comparison of GAPDH mRNA expression in
transfected and non-transfected senescent HDFs measured
48 h after transfection with 100 nM siRNA targeting
GAPDH. GAPDH siRNA was used as a positive control for
transfection efficiency. Results showed GAPDH knockdown
which represents a relative measurement of transfection ef-
ficiency. All values were expressed as relative expression
value (REV) with mean +SD, n = 6.

Relative expression value (REV)

HDFs as compared to young and pre-senescent cells.
Senescent HDFs transfected with pl6™<* siRNA how-
ever exhibited down regulation of this gene (Figure 5).

3.3. Morphology Analysis

Young HDFs exhibit spindle shaped fibroblasts (Figure
6(a)) while senescent HDFs display flattened and enlarged
morphology (Figure 6(b)). Senescent HDFs transfected
with p16™*** siRNA showed similar morphology of young
cells with the presence of small and spindle shaped fi-
broblasts (Figure 6(c)).

3.4. Senescence-Associated Marker

An established marker for cellular senescence viz. SA
[-gal was present in senescent and p16™<* siRNA trans-
fected senescent HDFs (Figures 7(b) and (c¢)). No posi-
tive staining for SA f-gal was observed in young HDFs
(Figure 7(a)).

Copyright © 2012 SciRes.
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Figure 5. Expression of pl16™<* in HDFs with different ex-
perimental treatments. pl6™** mRNA expression was meas-
ured in young, pre-senescent, senescent and transfected senes-
cent HDFs (siRNA pl6™%). Significant down regulation of
pl6™54 expression in pre-senescent, young and transfected
senescent HDFs (siRNA p16™%*%) compared to senescent HDFs
(#); p < 0.05. All values were normalised to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) levels. Data was pre-
sented as mean = SD, n = 6.

@ () ©

Figure 6. Morphology of human diploid fibroblasts with dif-
ferent experimental treatments. HDFs at young age (passage 4)
(a), senescent (passage 30) (b) and transfected senescent HDFs
(siRNA p16™%4) (). Senescent HDFs showed increased cyto-
plasm volume and vacuoles and loss its original fibroblastic
shape by acquiring a flattened feature (b). Senescent cells
transfected with siRNA p16™%* showed similar morphology to
young cells (c). Micrographs are shown at X200 magnification.

(@) (b) ©

Figure 5. Expression of senescence-associated (SA) f-galac-
tosidase with different experimental treatments. HDFs at young
age (passage 4) (a), senescent (passage 30) (b) and transfected
senescent HDFs (siRNA p16™*) (¢). Cells with blue staining
indicated positive for SA f-galactosidase activity. Micrographs
are shown at x200 magnification.

4. DISCUSSION

Housekeeping gene transcripts such as f-actin and GAPDH
have been used in gene expression analysis. These tran-
scripts, due to their stable expression, allow quantification
of other gene expression [35]. Housekeeping genes are
essential endogenous regulatory genes that are involved
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in various processes in the cell such as metabolism, cell
structure, gene transcription and homeostasis and are
therefore constitutively expressed [36]. The expression of
housekeeping gene provides simple and precise quantita-
tive assay for quantification of genes of interest.

In RNAI start-up experiments, a positive control siRNA
is used to determine the optimal transfection condition
which results in complete knockdown of the target gene.
siRNAs targeting housekeeping genes are commonly
used as positive controls. In this study, the efficiency and
delivery of siRNA in senescent HDFs was determined by
optimizing four transfection reagents formulated by Dhar-
macon (DharmaFECT TR 1, TR 2, TR 3 and TR 4) using
GAPDH siRNA as a positive control. Results showed that
in senescent human diploid fibroblasts (HDFs) model,
DharmaFECT 1 transfection reagent exhibited the most
efficient delivery of siRNA with significant inhibition of
GAPDH mRNA expression indicating the transfection
method was optimised for the HDFs aging model used in
the study.

When fibroblast cells undergo senescence, distinctive
molecular and morphological alterations such as cellular
flattening, loss of c-fos induction to serum stimulation
and expression of SA f-gal activity were observed
[17,37]. Besides the flattened morphology and positive
staining for SA f-gal, other characteristics of senescent
HDFs are cell growth arrest and up-regulation of cell
cycle inhibitors.

Accumulation of pl in senescent cells inhibits
retinoblastoma (Rb) phosphorylation and this is regarded
as the most important tumour suppressing function of
p16™%* Hypophosphorylated Rb family proteins, en-
hancement of actin stress fibers and the redistribution of
focal adhesion proteins were reported to contribute to the

6INK4a

morphological changes observed in senescent HDFs [38].

p16™* maintains Rb in the active state independent of
E2F binding [39] and impairment of this mechanism in
senescent cells retains Rb in the hypophosphorylated
inhibitory form [40].

In this study, transfected senescent HDFs exhibited
down regulation of p16™** gene which results in more
cells showed spindle shaped morphology which resem-
bles that of young cells even though SA f-gal activity is
observed. The alteration in HDFs morphology which
resembles that of young cells with p16™*** knock down
may be explained by inhibition of extra cellular matrix
degradation as shown by down regulation of MMP1 gene
and up-regulation of COL1A1 gene via Rb regulation [36]
indicating p16™** is involved in the morphogenesis of
HDFs during cellular senescence. Kato et al. (1998) re-
ported that expression of p16™<* in glioma cells, diploid
fibroblasts and squamous carcinoma cells was associated
with cell flattening and expression of senescence-asso-
ciated marker, SA f-gal at pH 6.0. The increased expres-
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sion of p16™** subsequently was reported to cause se-
nescence of cell [41].

Senescent fibroblasts contain p16™<* levels of at least
40-fold greater than cells at early passage. An increase in
p16™5* expression caused cell growth arrest and induced
cellular senescence [9] while inhibition of the pl16™*
expression leads to the extension of proliferative lifespan
and finally delay the onset of cellular senescence [2].

5. CONCLUSION

The findings of the present study suggest that GAPDH
expression can be used as a measurement of transfection
efficiency for p16™** gene silencing particularly in se-
nescent HDFs and it is suitable as a positive control for
siRNA optimization. Silencing of p16™** gene caused
alteration in the morphology of senescent HDFs which
resembles that of young cells.
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