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ABSTRACT Cell cycle is a highly regulated process and can be broadly divided into G1, S, G2 and M phases. Cyclins Ds 
interact and activate cyclin dependent kinases CDK4/6.  CDKs are also controlled by family of CDK inhibitory 

proteins.  CDK4 is expressed in a variety of normal cells, but over expressed in human tumours.  Blocking of CDK4 expression could be 
an attractive strategy for the treatment of cancers.  Hence, in the present study CDK4-antisense oligos were used for the blocking of 
CDK4 expression in A549 cells.  A549 cells transfected with CDK4-antisense oligos inhibit the proliferation of cells in a dose depend-
ent manner and show increased expression of a pro-apoptotic Bax gene by 35%, and caspase-8 by 3 folds.  Further, reduction in the 
expression of cyclin D1 and anti-apoptotic Bcl-2, suggested that the blocking of CDK4 expression in A549 cells inhibit the cell cycle 
with induced apoptosis. 

Blocking of CDK4 Gene Expression by 
Antisense Oligos Induce Apoptosis and 

Decreases the Proliferation of A549 Cells
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INTRODUCTION 
Cell cycle plays an important role in the growth and develop-
ment of all the organisms. In cancer many genes are mutated 
and exhibit altered levels of expression/ proteins (Lapenna & 
Giordano, 2009).  Such changes contribute to deregulation of 
cell cycle kinases, which is often associated with aberrant cell 
division and uncontrolled proliferation.  Cell division is a highly 
regulated process and can be broadly divided into G1, S, G2 and 
M phases.  Cyclins Ds interact with CDK4/6 and activate kinas-
es.  Cyclin E1 activates CDK2 and CDK3 and is expressed in late 
G1 and early S phase. Cyclin A also activate CDK2 and appear 
during G1 and S phase. Activities of cyclin dependent kinases 
(CDKs) are controlled by cyclins and family of CDK inhibitory 
proteins (INK4), kinase inhibitory proteins (KIP) and thereby 
keep the check on the cell cycle (Hanahan & Weinberg, 2000; 
Hartwell & Weinert, 1989). Deregulation of cell cycle control is 
one of the initial events in the development of most of the can-
cers (Hanahan & Weinberg, 2000). CDK4 is expressed in a varie-
ty of normal cells and is often over expressed in human tumours 
(e.g. malignant melanoma, glioma, sarcoma and carcinomas of 
the breast, colon, lung, ovary and oral cavity).  CDK4 constitutes 
the catalytic subunit of a heterodimeric Ser/Thr protein kinase, 
important in regulating retinoblastoma protein function.  The 
retinoblastoma tumor suppressor a nuclear phosphoprotein 
(pRB) regulates progression through the G1-to-S phase transi-
tion during cell cycle (Weinberg, 1995).  Loss of RB is well docu-
mented and p16-cyclin D1-CDK4/6- RB pathway is disrupted in 
many human tumors (Sherr, 1996).  Extracellular signals induce 
the expression of cyclin D1 in cells entering the cell cycle. Cyclin 
D1 is one of the target genes of E2, that exerts proliferative effect 
(Roy & Thompson, 2006), in estrogen responsive cells.  Cyclin 
D1-CDK4/6 an activated complex phosphorylates RB.   pRB dis-
sociates from the inactive transcription factor E2F.  Activated 
E2F in turn activates many genes that lead the cell cycle from G1 
to S phase (Massague, 2004; Sherr, 1996; Weinberg, 1995).  The 
p16 acts as a tumor suppressor molecule (Lukas et al., 1995), 
inhibits CDK4/6 by maintaining RB in its hypo-phosphorylated 
E2F in associated state and prevents G1-to-S phase progression 
(Li, Poi, & Tsai, 2011; Witkiewicz, Knudsen, Dicker, & Knudsen, 
2011).  Inactivation of p16 would result in the continued activa-
tion of CDK4/6 and RB phosphorylation, that facilitates a loss 
of control over cell cycle arrest (Sherr, 1996) with oncogenic 
transformation and tumor development (Paternot et al., 2010; 

Rocco & Sidransky, 2001).

Although, CDK4/6 is not essential for the cell cycle (Santama-
ria et al., 2007; Thoms, Dunlop, & Stark, 2007), CDK4 has been 
shown to be critical for proliferation and malignancy.  However, 
overexpression of CDK4 was reported in oral squamous cell 
carcinoma (Poomsawat, Buajeeb, Khovidhunkit, & Punyasingh, 
2010), pancreatic endocrine tumors (Lindberg, Hessman, Aker-
strom, & Westin, 2007), nasopharyngeal carcinoma(Fang et al., 
2008) and lung cancer (Dobashi, Goto, Fukayama, Abe, & Ooi, 
2004; Wikman et al., 2005), suggested that CDK4 is a key fac-
tor in promoting the initiation, progression and development 
of tumours in humans.  Many cancer drugs (Staurosporines, 
Flavones, Paullones, Indirubin, and Hymenialdisine etc.,) have 
been characterized and extensively used for the cancer treat-
ment but, they lack specificity and most of the time patients 
develop multidrug resistance.  Hence, the selective blocking 
of CDK4 expression by specific CDK4 antisense technology 
could be an attractive strategy for targeting different types of 
tumours. The objective of this study was to examine the effect 
of CDK4 antisense oligonucleotides on the proliferation, expres-
sion of genes involved in cell cycle regulation and apoptosis in 
lung epithelial A549 cells.

Materials and Methods:
Materials
Human lung epithelial cells (A549) were purchased from NCCS 
(Pune, India), primer (forward and reverse) sequences of cell 
cycle regulators and Apoptotic genes (Babu et al., 2013) were 
purchased from Sigma-Aldrich (St Louis, USA).  CDK4-sense oi-
gos (20mer) sequence (5’ATGGCTACCTCTCGATATGA-3’) and an-
tisense oligo sequence (5’-TCATATCGAGAGGTAGCCAT-3’) were 
designed and purchased from Eurofins MWG/Operon India Pvt. 
Ltd. (Bangalore, India). Fetal bovine serum (FBS), penicillin, 
streptomycin, glutamine, RPMI-1640,          3-(4, 5-dimethylth-
iazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), dimethyl 
sulfoxide (DMSO), Trypan Blue chemicals were purchased from 
Himedia (Mumbai, India). Oligo dT’s and Super script reverse 
transcriptase were obtained from Invitrogen BioServices India 
Pvt. Ltd (Bangalore, India), Taq DNA Polymerase (1U/μl) was 
purchased from Merck (Mumbai, India). Turbofect transfecting 
reagent was purchased from Fermentas (MD, USA).
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Cell culture and treatments:
A549 cells were cultured in 6 wells plate (105 cells/well) or 96 
wells plate (2 x 103cells/well) using RPMI-1640 medium sup-
plemented with 2 mM glutamine, 100 U/ml penicillin, 100 μg/ 
ml streptomycin and with or without 10% fetal bovine serum at 
37o C with the supply of 5% CO2 for 24 h.  The cells grown in 96 
wells plate were used for MTT assay and cells in 6 wells plate 
were used for reverse transcription-polymerase chain reaction 
(RT-PCR). 

Cell viability / MTT assay:
The effect of antisense CDK4 DNA (20-mer) using Turbofect 
(fermentas) transfecting agent on proliferation of A549 cells 
was analyzed by MTT assay as per the protocol described ear-
lier (Sharma et al., 2007).   

RNA isolation and semi quantitative RT-PCR:
The effect of CDK4-antisense or sense oligos on the expression 
of cell cycle regulators and apoptosis activator genes were ana-
lyzed by semi-quantitative RT-PCR using specific primers as per 
the protocol described earlier(Babu et al., 2013).

Results:
Effect of CDK4-antisense and sense oligos on the prolifera-
tion of A549 cells: 
To investigate the effect of CDK4-antisense oligos on the pro-
liferation and the viability, the A549 cells were treated with 
different concentrations oligos and the viability of the cells 
were assayed by MTT.  The results show that the proliferation 
of A549 cells were significantly decreased with the addition of 
CDK4 antisense oligos in a dose dependent manner and maxi-
mum of 50% decrease in cell proliferation was seen at 500μM 
concentration (p < 0.001) of antisense DNA, while there was no 
significant difference CDK4-sense oligos treated cells compared 
to control (Fig 1), suggested that antisense CDK4 sequence used 
has the anti-proliferative effect. 

Fig 1. Effect of CDK4-antisense oligos on the proliferation 
of A549 cells:

Lung epithelial A549 cells were treated with or without CDK4-
antisense oligo nucleotides (1µM-500µM) in a 96 wells plate for 
48 h and the cell growth were analyzed by MTT assay. Results 
were expressed as relative proliferative index compared to control 
(mean ± SD, n=8). Values are significantly different from control, 
**P <0.01, *** P <0.001 by student t-test. The results were shown 
as representative of three independent experiments.

Effect of CDK4-antisense and sense oligos on cell cycle regu-
lators and apoptosis:
To study the effect of CDK4-antisense and sense oligos on the 
expression of genes of cell cycle regulators and cell apoptotic 
activators, the cells were treated with antisense and sense oli-
gos, reverse transcribed and amplified by using specific prim-
ers.  The CDK4-atisense treatment show decreased transcrip-
tional activity of cell cycle regulator, Cyclin D1 by more than 20 
% and marginal decrease of P53 gene (Fig 2).  However, CDK4-
antisense and sense found to have no effect on the expression of 
Cyclin E1 and CDK4 gene (Fig 2).

Fig 2. Effect of CDK4-antisense oligos on the expression of 
genes of cell cycle regulators:

A549 cells were treated with or without CDK4- antisense (500µM) 
or CDK4-sense (500µM) for 24 h in a 6 wells plate. The cDNA was 
prepared from total RNA and subjected to 30 cycles of PCR us-
ing specific primers of cell cycle regulators and β-actin was used 
as positive control and for normalization. The mRNA levels were 
analysed on 1% agarose gel and the band intensity was compared 
to control. The results were shown as representative of three inde-
pendent experiments. 

The CDK4-antisense treatment significantly inhibits the expres-
sion of anti-apoptotic gene Bcl-2 by more than 30 % while, in-
duced the pro-apoptotic genes Bax by 35 % and Caspase-8 by 3 
folds.   However, CDK4-sense oligos treatment shows little or no 
effect on the expression of the cell cycle regulators or apoptotic 
genes studied (Fig 3). 

Fig 3. Effect of CDK4-antisense oligos on the expression of 
genes of apoptotic activators:

A549 cells were treated with or without CDK4- antisense (500µM) 
or CDK4-sense (500µM) for 24 h in a 6 wells plate. The cDNA was 
prepared from total RNA and subjected to 30 cycles of PCR us-
ing specific primers of apoptosis regulators and β-actin was used 
as positive control and for normalization. The mRNA levels were 
analysed on 1% agarose gel and the band intensity was compared 
to control. The results were shown as representative of three inde-
pendent experiments. 

Discussion:
Cancer is the multi process controlled phenomena and lung 
cancer is the most prevalent malignancies found in the world.  
Many protein kinases orchestrate the complex events of cell cy-
cle, and their activity is often deregulated in cancer cells. 

Although CDK4 and CDK6 are dispensable for driving the cell 
cycle (Santamaria et al., 2007; Thoms et al., 2007), some reports 
show the absolute requirement for oncogenic transformation of 
many tissues including lung.  In most of the cases the cancer 
cells are addicted to higher levels of CDK4 activity (Paternot 
et al., 2010).  Thus CDK4 is an important target gene for the 
therapeutic development and prognosis of the cancer.  In the 
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present study we attempted to block the expression of CDK4 
by antisense oligos to mitigate the proliferation of A549 cells. 
Treatment of cells with CDK4-antisense oligos found to inhibit 
the proliferation of cells in a dose dependent manner and also 
induced the transcripts of pro-apoptotic genes Bax and cas-
pase-8.  Further, the blocking of CDK4 gene expression show the 
decreased expression of cyclin D1 a cell cycle regulator.  

However, in our studies the treatment of cells with antisense 
oligos, the expression of CDK4 mRNA was not decreased.   In 
contrary, a study from Wu et al., 2011, using lentiviral vector 
containing shRNA which target and stably knock down the ex-
pression of CDK4 in A549 cells the CDK4 expression was signifi-
cantly reduced with decreased proliferation.  In our studies the 
CDK4 expression was not reduced, probably because the cells 
were treated only for 24 h with antisense oligos.  In this short 
time the antisense oligos might be subjected to degradation by 
DNAses. To obtain complete knock down of CDK4 expression 
in A549 cells, the antisense Phosphothioate oligonucleotides, 
a second generation antisense oligos characterised to be safer 
with increased half life need to be designed (Zhou, He, Chen, 
Wang, & Wang, 2003).  Some more experiments need to be de-
signed and carried out to fine tune about the requirement of dif-
ferent transfecting agents, targeting and time required for max-
imum effect on the decreased expression of the CDK4 mRNA 
transcripts. However, our findings undoubtedly establish that 
CDK4-antisense oligos blocked the expression of CDK4 as the 
proliferation of A549 cells was greatly reduced with increased 
expression of proapoptotic Bax and caspase-8 genes. 

Both the activation of CDK4/6 and CDK2 by cyclin D1 and cyclin 
E1 respectively, are required for cell cycle progression through 
G1/S transition.  It is a well known fact that the classical mi-
togen-activated protein kinase (MAPK) pathway is a key com-
ponent in the transduction of signals that lead to growth and 
transformation of many cells into cancer. Activator protein-1 
(AP-1) is a family of transcription factors, found to be regulated 
by MAPK signaling cascades. AP1 factors control rapid respons-
es to stimuli and controls the regulation of various intracellular 
events.

Studies have shown that AP-1 transcription factor modulates 
cyclin D1 transcription (Phuchareon, J. & Tokuhisa, T, 1995) and 
promote cell cycle through MAPK (Cargnello,  M. & Roux,  P. P, 
2012). MAPK in turn activate other set of AP-1(Jun-Jun or Jun-
Fos) that induce genes involved in proliferation/transformation 
activity. Studies using immune cells demonstrated that, CDK4 
phosphorylates c-Jun, that helps in the formation of AP-1 tran-
scription complex with broad spectrum of cellular functions 
(Vanden Bush & Bishop, 2011).  Thus, CDK4 plays an important 
role in the regulation of AP1 activities mediating cell prolifera-
tion and tumor development. Studies carried out on the expres-
sion of AP-1 transcription factors in A549 cells show that  both 
Jun ( c-Jun, Jun-D, Jun-B) and Fos (c-Fos, Fos-B, Fra-1and Fra-2) 
mRNAs were prominently expressed, while Fos-B was not ex-
pressed (unpublished results).  Poor expression of Fos-B  mRNA 
in A549 cells was in agreement with MCF-7 cells (Babu et al., 
2013), where  Fos-B expression was down regulated compared 
to normal mammary cells in humans(Milde-Langosch, Kappes, 
Riethdorf, Loning, & Bamberger, 2003).  Probably, in healthy tis-
sues the Fos-B is expressed in larger amounts, while in malig-
nant tissues the expression is down regulated and that needs to 
be investigated.  Thus the present study could be used to block 
the CDK4 expression by antisense oligos that may further help 
in the identification of AP1 factors used as the downstream sub-
strate by CDK4 enzyme.  The study may also help to understand 
the role of ERK1/2 in JNK/AP1/Cyc D1-CDK4 signal pathway.  

Conclusion: 
The blocking of CDK4 expression by 2nd or 3rd generation of anti-
sense oligo sequences could be further used to target and treat-
ment of different types of cancer, a novel unique and potentially 
useful therapeutic modality.   
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