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ABSTRACT  

    

KnockKnockKnockKnock    downdowndowndown effect of cyclin A1 and B1 siRNA  effect of cyclin A1 and B1 siRNA  effect of cyclin A1 and B1 siRNA  effect of cyclin A1 and B1 siRNA     

in lunin lunin lunin lung cancer cell linesg cancer cell linesg cancer cell linesg cancer cell lines    

    

Dong Seok Moon 

 

Department of Medicine  

The Graduate School, Yonsei University 

 

(Directed by Professor Doo Yun Lee) 

 

    

Recent studies have shown that cyclin A1 and cyclin B1 are 

overexpressed in various tumor types but are present at low levels 

in normal tissues, and that cyclin A1 is restricted to germ cells 

undergoing meiosis. In order to explore the possibility of 

employing cyclin A1 and cyclin B1 as an anticancer target, we 

knocked down cyclin A1 and cyclin B1 in the lung cancer cell lines, 

H157 and H596, and in HeLa cells using RNA interference (RNAi). 

Subsequently, we monitored cell cycle-related molecules by Western 

blot and immunofluorescence and determined cell cycle distribution 
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by flow cytometry. XTT, Annexin V, DNA ladder and soft agar colony 

growth experiments were performed to detect cell viability and 

proliferation. Furthermore, we analyzed cell apoptosis by measuring 

Bcl-2 and Bax protein levels and by the DNA ladder assay. 

After treatment with cyclin B1 siRNA, cyclin B1 was found to be 

drastically downregulated, whereas cyclin A, CDK2 and Cdc2 were 

almost unaffected in H157 and H596.  Following cyclin A1 siRNA, 

cyclin B1, Cdc2 and CDK2 were all drastically downregualted; the S 

phase fraction increased significantly; and targeted cell viability 

and cell colony forming ability were markedly diminished.  Bcl-2 

was noticeably attenuated, but Bax hardly changed.  Cultured cells 

displayed typical DNA ladders. The loss of cyclin A1 resulted in 

the downregulation of cyclin B1, Cdc2 and CDK2, S phase delay 

eventual cell apoptosis, and a decrease in cell viability and 

proliferation.       

Cyclin B1 was weakly expressed in lung cancer cell lines (data 

not shown), thus the effect of cyclin B1 siRNA had little effect on 

them. Our studies suggest that cyclin A1 may be a promising 

anticancer target specific to lung cancer.  

 

Key WordsKey WordsKey WordsKey Words:::: cyclin A1, RNA interference (RNAi), cyclin-dependent 

kinase 2(CDK2), apoptosis, lung cancer  
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 Footnote:Footnote:Footnote:Footnote:        

The abbreviations used are: RNAi, RNA interference; siRNA, 

Small Interfering RNAs; Cdk1, Cyclin dependent kinase 1; Cdk2, 

Cyclin dependent kinase 2; p-Cdk2, threonine 160 phosphorylation of 

Cyclin dependent kinase 2; GAPDH, Glyseraldehyde-3-phosphate 

dehydrogenase. 
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I.I.I.I. INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

    

Non-small cell lung cancer (NSCLC) is the most common human 

malignancy in developed countries, but fatal in a large series. 

There are a number of different novel strategies currently under 

evaluation; however, a better understanding of the molecular 

mechanisms that determines clinical outcomes is likely to provide 

the basis for more effective therapeutic intervention, resulting in 

improved clinical outcomes.  The clinical use of cytotoxic drugs in 
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NSCLC, as in common solid tumors, is limited due to inadequacies in 

sensitivity due to intrinsic or acquired resistance and poor 

selective toxicity resulting in significant and often unacceptable 

toxicity.1 

Elucidation of the molecular mechanisms of cytotoxic drug 

action and the resultant identification of markers for individual 

patient chemosensitivity and prognosis would allow a paradigm 

change in the management of malignant disease by individualization 

of therapy.  As a direct result of an increasing awareness of the 

biology of NSCLC, novel agents that target-specific intracellular 

pathways related to the distinctive properties of cancer cells 

continue to be developed and tested in the clinic. This would allow 

optimization of the chances of response and minimization of 

toxicity and would also allow novel therapeutic target 

identification. Among these agents, angiogenesis inhibitors, 

epidermal growth factor receptor targeting agents, COX2 inhibitors 

and protein kinase C inhibitors have received particular 

attention.2-3 Gene therapy, such as replacement of defective tumor 

suppressor genes also demonstrates transient and self-limiting 

effect, and limitation of systemic delivery. 4 Few of them have 

been satisfying and thus, it is urgent to explore novel therapy to 

maximize specificity and minimize toxicity, improve survival and 
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optimize symptom palliation. RNA interference is a potent novel 

tool for gene-specific therapeutics based on targeting specific 

molecular alterations unique to tumor cells. 5-10 

Human cyclin A forms complexes with both CDK2 and Cdc2. 

Activities of CDK2-Cyclin A and Cdc2-Cyclin A are required for 

entry into the S and M phases, respectively.11 A recently discovered 

second human cyclin A, cyclin A1, is restricted to testis and is 

highly expressed there.12 Human cyclin A1 is associated with CDK2 in 

vitro and in vivo. The recently cloned murine cyclin A1 (the 

homologue of human cyclin A1) is also expressed specifically in the 

normal testis, and binds to both CDK2 and Cdc2.13 According to in 

situ hybridization, murine cyclin A1 is expressed only in germ 

cells undergoing meiosis in testis, suggesting that cyclin A1 plays 

a role in meiotic cell division.13 Similarly, Xenopus cyclin A1 is 

expressed only in eggs and early embryonic cells, not in late 

embryonic or cultured cells.14 Recently, it was found that cyclin A1 

expression is regulated in the mitotic cell cycle in MG63 cells, 

and binds to the transcription factor, E2F-1, the Rb family of 

proteins and the p21 family of CDK inhibitors.14-15 Moreover, its 

associated H1 kinase activity is regulated during the cell cycle, 

and the cyclin A1-CDK2 complex formed in insect cells has kinase 

activity on the Rb family of proteins and E2F-1.15   



     7 

Cyclin B1 is the regulatory subunit of Cdk1 serine/threonine 

kinase. In mammalian cells, the accumulation of cyclin B1 is a 

prerequisite for mitotic initiation in the late G2 phase.16-18Because 

cyclin B1 has a direct effect on mitosis; the overexpression of 

cyclin B1 may lead to uncontrolled cell proliferation, neoplastic 

transformation and tumorigenesis.19-21  

We aimed at searching for the potency and specificity of 

cyclin A1 or cyclin B1 as a novel target using siRNA in lung cancer.  
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II. II. II. II. MMMMATERIALS AND METHODSATERIALS AND METHODSATERIALS AND METHODSATERIALS AND METHODS    

    

    

1. 1. 1. 1. CellCellCellCell c c c cultureultureultureulture        

    

Lung cancer cell lines, H157 (containing a p53 deletion) and 

H596 (containing a p53 mutation), were kindly donated from 

Department of Pulmonary Medicine (Dr. YS Jang). They were cultured 

in DMEM (GIBCO-BRL, Grand Island, NY, USA) supplemented with 10% 

heat-inactivated FBS and maintained in 37oC, 5% CO2. 

 

2. RNA2. RNA2. RNA2. RNA Extraction Extraction Extraction Extraction    

 

Total RNA was extracted from cell lines by using UltraspecTM-II 

RNA isolation kit (Biotecx, Houston, Texas, USA) according to the 

manufacture’s protocol. 

 

3. S3. S3. S3. Small mall mall mall iiiinterfering RNAsnterfering RNAsnterfering RNAsnterfering RNAs ( ( ( (siRNA)siRNA)siRNA)siRNA) generation and  generation and  generation and  generation and 

transfection transfection transfection transfection     

 

Cyclin A1 and cyclin B siRNAs were prepared based on the 

manufacturer’s instructions. Briefly, siRNA was obtained from the 
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transcription and digestion of PCR-derived templates carrying a T7 

promoter (TAATACGACTCACTATAGGGAGA) using a SilencerTM siRNA Cocktail 

Kit (Ambion, Austin, Texas, USA). The following primers for cyclin A1 

were used: forward primer: 5’-TAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATGAAGTAGACA 

CCGGCACAC-3’, reverse primer: 5’-TAATACGACTCACTATAGGGATAATACGACTCACTATAGGGATAATACGACTCACTATAGGGATAATACGACTCACTATAGGGA    GAGAGAGATTCG 

AAGCCAAAAGCATAGC-3’.  The following primers for cyclin B1 were used: 

forward 5’-TAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGAGGCCAAAATGCC TATGAAGA-3’, reverse 

primer: 5’-TAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATAATACGACTCACTATAGGGAGATGGCTCTCATGTTTCC AGTG-3’. The 

following amplification conditions were used: 95°C denaturation for 

15 min, followed by 40 cycles of 95°C for 40 s, 53.2°C (for cyclin 

A1) and 61°C (cyclin B1) for 1 min, 72°C for 1 min, and a final 10 

min extension at 72°C. Both sequences used for generating the siRNA 

were subjected to a BLAST (http://www.ncbi.nlm.nih.gov) search to 

ensure that it did not have significant sequence homology with other 

genes. Negative control siRNAs were supplied by Ambion; their 

sequences were as follows: 5’-GGUUCCCACUCAAGUACCCUU-3’, 5’-

GGGUACUUGAGUGGGAACCUU-3’. Cells were transfected with siRNA using 

siPORT Amine (Ambion) according to the manufacturer’s instructions. 

 

4. Western4. Western4. Western4. Western blot analysis blot analysis blot analysis blot analysis  

 

Sample proteins and controls were resolved via polyacrylamide 
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gel electrophoresis. Proteins were then transferred to 

nitrocellulose membranes using standard methods (Invitrogen). Blots 

were blocked with 5% nonfat dried milk (Skim milk) freshly made in 

1×PBS-T (0.1%Tween-20 in 1×Phosphate-Buffered Saline), rocked on 

a rotating shaker for 1 hour (h) at room temperature, rinsed 3 

times in 1×PBS-T, probed with the indicated primary antibody, 

1:500 diluted in PBS-T: Cyclin A1 (rabbit, polyclonal, Santa Cruz 

Biotec, Santa Cruz, CA, USA), Cyclin B1 (rabbit, polyclonal, Santa 

Cruz), Cdc2 (mouse, monoclonal, Santa Cruz), Cyclin A (rabbit, 

polyclonal, Delta Biolabs), Cdk2 (rabbit, polyclonal, Santa Cruz), 

p-Cdk2 (rabbit, polyclonal, Cell Signaling, Beverly, MA, USA), Bcl-

2 (rabbit, polyclonal, Santa Cruz) and Bax (rabbit, polyclonal, 

Santa Cruz) for 1 h at room temperature, and rinsed three times in 

PBS-T. The blot were probed with an enzyme-linked secondary 

antibody (horseradish peroxidase) in 1X PBS-T (1:25,000-100,000) 

for 1 h at room temperature; excess secondary antibody was rinsed 

off with 3 rinses in 100ml PBS-T for 5 min each and then 

chemiluminescent detection reagents were used to reveal results. 

Immunoblotting for GAPDH (Santa Cruz) was performed to verify 

equivalent protein loading. Densitometric analysis of Western blots 

was performed using TINA 2.0 Software (Raytest Isotopenmessgerate 

Gmbh, Straubenhardt, Germany).  
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5. Indirect 5. Indirect 5. Indirect 5. Indirect iiiimmunofluorescencemmunofluorescencemmunofluorescencemmunofluorescence detection  detection  detection  detection     

 

Cells were seeded into six-well plates containing cover glass 

and were incubated at 37oC in 5% CO2. After transfecting cyclin B1 

siRNA or negative control siRNA for 48 h, the cells were washed 

three times with PBS, fixed with 4% paraformaldehyde in PBS for 30 

min at 4°C, and permeabilized with 0.5% Triton X-100 in PBS for 5 

min at 4°C. Primary antibodies (cyclin B1 (rabbit, polyclona, 

Santa Cruz), Cdc2 (mouse, monoclonal, Santa Cruz), and CDK2 (rabbit, 

polyclonal, Santa Cruz)) were used; each was diluted 1:50 in PBS-T. 

Anti-rabbit FITC-conjugated secondary antibody was used at a 1:100 

dilution. Cells were observed and photographed by 

immunofluorescence microscopy. 

 

6.6.6.6. Cell cycle distribution observation  Cell cycle distribution observation  Cell cycle distribution observation  Cell cycle distribution observation     

 

Cell cycle distributions were monitored by flow cytometry 

(FACS Calibur, Becton Dickinson, San Jose, CA, USA) using propidium 

iodine staining (SIGMA, St. Louis, MO, USA, P4170-25MG), according 

to the manufacturer’s instruction.  
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7. Cell 7. Cell 7. Cell 7. Cell pppproliferationsroliferationsroliferationsroliferations and viability analysisand viability analysisand viability analysisand viability analysis  

 

Cells were seeded in a flat 96-well plate and incubated at 37oC 

in 5% CO2. Cell proliferation was measured using a WelCount
TM Cell 

Viability Assay Kit (WelGENE Inc) at 0 h, 12 h, 24 h, 48 h and 72 h 

after transfection with cyclin A1 siRNA or negative control siRNA. 

Briefly, we defrosted XTT reagent and PMS at 37°C, prepared a 

reaction mixture (40 µl PMS and 2 ml XTT reagent per plate), added 

20 µl of the reaction mixture to each well (each containing 100 µl 

media), and incubated at 37°C for 4 h.  Based on changes in cell 

number, the color of the solution turn orange.  Then, we measured 

these samples at a wavelength of 490nm using a Molecular Devices 

VERSAmax microplate reader (Molecular devices, Sunnyvale, CA, USA). 

All experiments were performed in triplicate. 

    

8. 8. 8. 8. Soft Soft Soft Soft aaaagar gar gar gar ccccolony olony olony olony ggggrowthrowthrowthrowth experiment  experiment  experiment  experiment     

 

Cells were added to 0.35% NuSieve low melting temperature 

agarose (BMA Bioproducts, Rockland, ME, USA) containing DMEM 

(GIBCO) supplemented with 10% heat-inactivated FBS then transferred 

to 24 well plates previously lined with 0.7% agarose medium at a 

density of 500 cells/well. The cyclin A1 siRNA group and the siRNA 
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negative control group consisted of 24 wells each. After three 

weeks, the colonies were counted and photographed under an inverted 

microscope (OLYMPUS, Japan). 22  

 

9. 9. 9. 9. Annexin VAnnexin VAnnexin VAnnexin V----FITCFITCFITCFITC staining staining staining staining    

 

Annexin V is a Ca2+-dependent phospholipid-binding protein that 

has a high affinity for phosphatidylserine (PS). In apoptotic cells, 

PS is translocated from the inner leaflet of the plasma membrane to 

the outer leaflet. Propidium iodide (PI), a standard flow 

cytometric viability probe, was also used to distinguish viable 

from nonviable cells. Cells that were stained were detected by a 

FACScan flow cytometer (Becton-Dickinson FACSCalibur, BD, San Jose, 

CA, USA). At 0 hr, 12 hr, 24 hr, 48 hr, and 72 hr after the 

transfection of cyclin A1 siRNA, 1-105 cells were harvested, washed 

with ice-cold PBS containing 100 mg/L CaCl2, resuspended in 100 ul 

of binding buffer (10 mM HEPES/NaOH pH 7.4, 140 mM NaCl, 2.5 mM 

CaCl2), and incubated with 5 ul of Annexin V conjugated with FITC 

in the absence of light for 10 minutes at room temperature. Next, 

an additional 400 ul of binding buffer was added to samples; those 

were analyzed by flow cytometry. Cells that showed up as Annexin V-

/PI+ were recognized as necrotic, those that showed up as Annexin 
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V+/PI+ were taken to be late apoptotic or secondarily necrotic, and 

Annexin V+/PI- cells were recognized as apoptotic. All of the 

procedures stated above were performed according to the 

manufacturer’s instructions (Annexin V-FITC Apoptosis Kit I, BD, 

San Jose, CA, USA). 

 

10. Apoptotic DNA la10. Apoptotic DNA la10. Apoptotic DNA la10. Apoptotic DNA ladder assays dder assays dder assays dder assays     

 

After transfecting cyclin A1 siRNA, cyclin B1 siRNA, or negative 

control siRNA for 48 h, we isolated and analyzed cellular DNA on a 1% 

agarose gel by using an apoptotic DNA ladder kit (Roche Molecular 

Biochemicals, Mannheim, Germany). Adherent cells were pelleted and 

lysed with lysis solution. After the lysis of cultured cells in 

binding buffer, the lysate was applied to a filter tube with glass 

fiber fleece and passaged through by centrifugation. Residual 

impurities were removed by a wash step; then DNA was eluted from the 

column with elution buffer according to the manufacturer’s 

instructions. Samples were separated by electrophoresis on a 1% 

agarose/Tris–acetate–EDTA (TAE) gel. The size of the DNA standards 

used to evaluate DNA fragmentation ranged from 100 to 2072bp (Roche, 

Cat.No.1 835 246). 

Electrophoresis was carried out for 1h at 100V in TBE buffer 
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(80mmol/l Tris–borate (pH 8.0), 2 mmol/l EDTA containing 0.1mg/ml 

ethidium bromide). After electrophoresis, visualization of the DNA 

band was performed by staining with ethidium bromide and viewing with 

an ultraviolet transilluminator (Bio-Rad, Hercules, CA, USA). The gel 

was photographed under ultraviolet light with Polaroid film. 

    

11. Statistics11. Statistics11. Statistics11. Statistics 

 

A t-test was used to assess differences in colony numbers 

between the cyclin A1 and B1 siRNA group and the siRNA negative 

control group. Test was performed using SAS statistical software 

and a p-value of < 0.05 was considered to be statistically 

significant.  
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III. RESULTSIII. RESULTSIII. RESULTSIII. RESULTS    

    

1. 1. 1. 1. Cyclin A1 siRNAs Cyclin A1 siRNAs Cyclin A1 siRNAs Cyclin A1 siRNAs reduce reduce reduce reduce thethethethe protein expression of  protein expression of  protein expression of  protein expression of 

cyclin A1 in lung cancer cell lines, not in HeLa cell cyclin A1 in lung cancer cell lines, not in HeLa cell cyclin A1 in lung cancer cell lines, not in HeLa cell cyclin A1 in lung cancer cell lines, not in HeLa cell 

linelinelineline    

     

Amplified double-stranded RNA of 467 bp in size was 

synthesized before cyclin A1 siRNA synthesis (Fig. 1A). Cyclin A1 

mRNA in H157 was low before 12h but gradually increased after 16h, 

whereas that in H596 showed relatively constant expression through 

times (Fig. 1B). Cyclin A1 protein levels markedly decreased after 

12 h, relatively less attenuated after 24-48 h, and finally had 

almost disappeared 48-72 h after siRNA treatment in H-157 (Fig. 2A) 

and H-596 (Fig. 2B).  

 

A 
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B 

Fig.1.Fig.1.Fig.1.Fig.1. (A) Synthesis of double stranded RNA with the size of 467bp. 

(B) Cyclin A1 mRNA expression in lung cancer cell lines, H157 and 

H596. Lanes 1, 2, 3 and 4 represent cyclin A1 mRNA expression in 

samples at 12, 16, 20 and 24 h without siRNA treatment. 

 

Due to extremely low expression of cyclin A1 in non-treated HeLa 

cell line, cyclin A1 siRNA had no effect in HeLa cell line (data 

not shown). Moreover, cyclin B1 siRNA had no knock-down effect on 

lung cancer cell line (data not shown). 
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A 

 

B 
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C 

    

D 
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Fig.2.Fig.2.Fig.2.Fig.2. Effects of cyclin A1 RNAi in lung cancer cell lines, as 

analyzed by Western blot.  .  .  .  (A) H157; lanes 1,3,5 and 7 represent 

samples at 12, 24, 48 and 72 h after negative control siRNA 

treatment, respectively; lanes 2, 4, 6 and 8 represent samples at 

12, 24, 48 and 72 h after cyclin A1 siRNA treatment. GAPDH served 

as a loading control. (B) Quantification of Western blot analysis, 

standardized to GAPDH. The figure represents relative protein 

levels. (C) H596; lanes 1, 3, 5 and 7, respectively, represent 

samples at 12, 24, 48 and 72 h after negative control siRNA 

treatment respectively; lanes 2, 4, 6 and 8 represent samples at 12, 

24, 48 and 72 h after cyclin A1 siRNA treatment. GAPDH served as a 

loading control. (D) Quantification of Western blot analysis, 

standardized to GAPDH. The figure represents relative protein 

levels. CDK2: cyclin dependent kinase 2; Cdc2: cyclin dependent 

kinase 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. 

    

2. 2. 2. 2. DepleDepleDepleDepletion of cyclin A1 reduced the attenuation of cell tion of cyclin A1 reduced the attenuation of cell tion of cyclin A1 reduced the attenuation of cell tion of cyclin A1 reduced the attenuation of cell 

cycle related proteinscycle related proteinscycle related proteinscycle related proteins        

 

As shown in Fig 2, CDK2, the partner of cyclin A, was 

reduced after siRNA treatment. Knock-down effect of CDK2 was 

apparently different between H157 and H596. CDK2 was markedly 
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reduced 48-72 h after siRNA treatment in H596, whereas 

phosphorylation of CDK2 on threonine 160 was also downregulated 12-

24 h after the RNAi treatment. CDK2 was reduced in parallel with 

cyclin A1 knock-down in H157, and downregulation of active 

phosphorylated-CDK2 lasted 72 h after cyclin A1 siRNA. Cyclin 

B1/Cdc2 was also downregulated in parallel with cyclin A1 siRNA. 

Cdc2, the partner of cyclin B1, was also downregulated especially 

48-72 h after cyclin A1 siRNA treatment in H 596.  To detect 

changes in cyclin B1, Cdc2 and CDK2 at the cellular level after 

cyclin A1 RNAi, we used immunofluorescence. Cyclin B1, Cdc2 and 

CDK2 were found to be significantly decreased after RNAi treatment 

(Fig.3). 

 

Fig.3Fig.3Fig.3Fig.3. Cyclins/CDKs, detected by indirect immunofluorescence. A, C, 

E and G represent cyclin B1, Cdc2, cyclin A and CDK2 signals 

respectively 48 h after negative control siRNA treatment; B, D, F 
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and H represent cyclin B1, Cdc2, cyclin A and CDK2 signals 48 h 

after cyclin A1 siRNA treatment.   

 

3. Down3. Down3. Down3. Down----regulation of cycliregulation of cycliregulation of cycliregulation of cyclin A1 induces S phase arrest in n A1 induces S phase arrest in n A1 induces S phase arrest in n A1 induces S phase arrest in 

lung cancer cellslung cancer cellslung cancer cellslung cancer cells    

 

We used flow cytometry to observe the influence of cyclin A1 

siRNA on the cell cycle. The S phase fraction increased, whereas 

G2/M fraction markedly decreased in the cyclin A1 RNAi group 

relative to the negative control both in H157 (Fig. 4A) and H596 

(Fig. 4B). HeLa cell demonstrated no significant change of cell 

cycle fraction in cyclin A1 siRNA (data not shown).  

 

 

 

 

 

 

B 

    

A 



     23 

A 

    

    

    

    

    

    

 

B 

    

Fig.4. Fig.4. Fig.4. Fig.4. The influence of cyclin A1 siRNA on the cell cycle.    (A)    The  

flow cytometry represent samples at 12, 24, 48 and 72 h, 

respectively, after negative control siRNA treatment; the S phase 

percentages were 16.08%, 18.74%, 13.86% and 17.72% in these samples. 

After cyclin A1 siRNA treatment; the corresponding S phase 

percentages were 28.14%, 35.11%, 31.51% and 54.32%, respectively in 

H157.    (B) The flow cytometry represent samples at 12, 24, 48 and 72 

h, respectively, respectively in H596. 
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4. Downregualtion of cyclin A1 reduced the colony-forming 

ability and cell growth in lung cancer cells 

 

Since cyclin A1 is one of the key components required in the 

regulation of cell division, we analyzed the anti-proliferative 

impact of cyclin A1 RNAi. We found that the absorbance at 490nm 

decreased gradually from 12 h to 72 h after cyclin A1 siRNA 

treatment (Fig.5A), but increased gradually in the negative control 

siRNA group (Fig.5B). To further observe the effect of cyclin A1 

siRNA on the proliferation of lung cancer cells, we performed a 

soft agar colony growth experiment. The colony of H157 (Fig. 6A) 

and H596 (Fig. 6B) in cyclin A1 RNAi group was much smaller than 

that in negative siRNA control group. In addition, the number of 

colonies in the cyclin A1 RNAi group was significantly lower than 

that in the negative siRNA control group (Fig. 6).  
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Fig.5.Fig.5.Fig.5.Fig.5. The effect of cyclin A1 siRNA on the proliferation and 

viability of H157 cells and NIH3T3 cells.    (A)    The results shown are 

the mean±SD of triplicate microcultures. Cyclin A1 siRNA 

significantly inhibited the proliferation and viability of H157 

cells. (B) The effect of cyclin A1 siRNA on the proliferation and 

viability of NIH3T3 cells. Cyclin A1 siRNA didn’t affect the 

proliferation and viability of NIH3T3 cells. 
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FigFigFigFig.6.6.6.6. . . . Analysis of cell growth ability. (A) Colony size and 

morphology. a and b represent H157 cells treated with negative 

control siRNA and cyclin A1 siRNA, respectively. Notice the 

significant difference of the size and morphology of the colonies 

(original magnification, ×400). (B)    a and b represent H596 cells 

treated with negative control siRNA and cyclin A1 siRNA, 

respectively. The number of colonies in the siRNA group was 

significantly lower than in the negative control siRNA group (P < 

0.0001). 

    

5. Treatme5. Treatme5. Treatme5. Treatmentntntnt with siRNAs triggers apoptosis in lung  with siRNAs triggers apoptosis in lung  with siRNAs triggers apoptosis in lung  with siRNAs triggers apoptosis in lung 

cancer cellscancer cellscancer cellscancer cells    

 

Cells predominantly underwent a dying or already dead process 

(right upper window) through apoptosis (right lower window) 

together with a minor proportion of necrosis (left upper window), 

as seen in Fig. 7A. A typical apoptosis DNA ladder was obtained for 

the sample treated with cyclin A1 siRNA, but not for the sample 

treated with negative control siRNA (Fig. 7B). 
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C 

Fig. 7. Fig. 7. Fig. 7. Fig. 7. The influence of cyclin A1 siRNA on apoptosis. (A) This 

diagram shows that siRNA- treated H 596 underwent cell death 

through apoptosis. (B) This diagram shows that siRNA- treated H 157 

underwent cell death through necrosis and/or apoptosis. (C) 

Apoptotic DNA ladder. . . . H596 cells treated with cyclin A1 siRNA 

showed the typical DNA ladder pattern, which represents cells 

undergoing apoptosis. Lane 1: Size marker; Lane 2: DNA from H596 

cells treated with negative control siRNA; Lane 3: DNA from H596 

cells treated with cyclin A1 siRNA; Lane 4: Positive control from 

the apoptotic DNA ladder kit. 
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IV. DISCUSSIONIV. DISCUSSIONIV. DISCUSSIONIV. DISCUSSION    

    

Currently, chemotherapy is one of the most important tools in 

the treatment of cancer. However, one of the disadvantages is its 

toxic effects on normal tissue. Therefore, modern anticancer 

strategies are designed to target specific molecules while sparing 

normal, non-neoplastic tissues.23 With the natural process in vivo; 

RNA interference (RNAi) has been designed to not perturb normal 

cell physiology. The main potential of this exciting and amazing 

novel therapy is to silence one specific target molecule at the 

post-transcriptional level. Selective silencing of endogenous genes 

(especially highly expressed oncogenic molecules) by RNAi is 

particularly relevant to functional genomics and cancer therapy.5-10 

Some of the greatest advantages of RNAi are the relative ease of 

synthetic siRNA production and its design to meet mutation changes 

within the target sequence. Moreover, RNAi is very efficient; a 

single dose of siRNA can sustain RNAi long enough to allow recovery 

of the cellular regulatory system. However, there are limitations 

to gene silencing, such as the transient nature of the response and 

the transduction problem. As siRNAs seem to be relatively resistant 

to degradation, the transient nature of the knockdown is determined 

by the rate of cell growth and the dilution of the siRNAs below a 
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crucial threshold level necessary to maintain gene expression 

inhibition.10   

In searching for the most effective and universal target for 

human cancers, cyclins deserve to be a powerful candidate on the 

grounds that almost all human tumors represent cell cycle aberrant 

diseases.24-25 Cyclin and cyclin-dependent kinase complexes play an 

important role in the control of the cell cycle.26 In addition to 

clinical validity, this study could be a representation of 

functional-genomic approaches in humans. Moreover, it is 

conceivable that siRNA for cyclin A and cyclin B could be targeted 

in a cell type-, tissue type-, or p53-specific fashion.     

Cyclin A or A1 was indistinguishable from true mitotic B-type 

cyclins in its ability to induce mitosis in various assays, and was 

initially thought to be one of the cyclins required for initiation 

of mitosis.11-15 However, several apparent differences between cyclin 

A and cyclin B1 are now documented; cyclin A1 expression precedes 

that of cyclin B1, cyclin A1 protein is localized in the nucleus at 

all times, and cyclin A1 binds to Cdc2 and Cdc2-related kinase, p33 

(which is shown to be a gene product of CDK2).19-21, 24-26 

The physiologic function of cyclin A1 remains uncertain. 

Moreover, microinjection of an antisense cyclin A1-encoding plasmid 

leads to inhibition of DNA synthesis, suggesting that cyclin A 
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might be important in the G1-S transition. The resultant CDK2-

cyclin A-p107-E2F complex begins to appear around the G1-S 

transition and disappears after S phase, suggesting a role in S-

phase progression.19-20  

Cyclin B1 can bind to and activate CDK217-18 in addition to 

Cdc2; the major accumulation of cyclin B1 overlaps extensively with 

very late DNA replication,27 while inhibition of CDK2 in S phase 

triggers the destruction of cyclin B1.28   Thus, it is logical to 

infer that cyclin B1 possesses the ability to orchestrate with CDK2 

as well as with cyclin A1, the partner of CDK2. The downregulation 

of cyclin B1 following cyclin A1 siRNA in the present study can be 

explained as CDK2 co-binding with cyclin A1.   

The S phase fraction gradually increased in the cyclin A1 

RNAi group relative to the negative control group; this was 

probably associated with the repression of cyclin A1 and CDK2 after 

cyclin A1 RNAi treatment. Cyclin A1 mRNA was low before the S phase 

but increased significantly at the S and G2/M phases.15 Cyclin A1 

may possesses S-phase–promoting potential, and may even activate 

CDK2 kinase, which contributes to S phase progression as in cyclin 

B1.17-18  

The present study showed that cyclin A1 RNAi inhibited tumor 

cell proliferation and impaired tumor cell viability in contrast to 
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no effect of cyclin B1 RNAi on lung cancer cell lines.  Furthermore, 

cyclin B1 RNAi inhibited tumor cell proliferation and impaired 

tumor cell viability in contrast to no effect of cyclin A1 RNAi on 

HeLa cell lines in the previous and present studies.  We put an 

emphasis of RNAi on the cell-line specificity according to the 

target molecule. Moreover, they appeared to be associated with 

neither p53 functional status nor p53 mutational aberration.  

 It is well established that a central role of p53 is 

associated with the regulation of cell apoptosis via caspase-3, 

caspase-9, Bcl-2 and Bax.29-31 However, apoptosis (with specific 

regards to Bcl-2 or caspase) is also triggered in a p53-independent 

manner, such as through the Par-4 or p21 WAF1/CIP1 pathway.32-34 

There is no convincing proof that cyclin A1 overexpression is 

usually caused by the inactive function of p53, although the C-

terminal regulatory domain of p53 contains a functional docking 

site for cyclin A.27 Moreover, cyclin A1 binds to the p21 family and 

pRb family, p107. The depletion of cyclin A1, which can lead to the 

downregulation of CDK2, is especially suitable for tumors with 

functional p53 inactivation, since the inhibition of CDK activity 

can induce apoptotic cell death in a p53-independent manner.35  

For therapeutic purposes, suitable methods of initiating RNAi 

in vivo are necessary; the fact that naked siRNA can be effectively 
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delivered into tissues intravenously is most encouraging. However, 

the reported high-pressure infusion procedures are painful and 

likely to cause tissue damage. While many efforts regarding the 

clinical utility of siRNA in the treatment of advanced cancer 

currently are being made, digging to the most specific target 

molecule should be mandatory.     
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V. CONCLUSI0NV. CONCLUSI0NV. CONCLUSI0NV. CONCLUSI0N    

 

Cyclin B1 siRNAs showed no alteration of cyclin A, cdk-2 and 

CDK-1 in lung cancer cell lines. Cyclin B1 was weakly expressed in 

lung cancer cell lines (data not shown), thus the effect of cyclin 

B1 siRNA had little effect on them. 

On the ground of cyclin A1 siRNA effects on the down-regulation 

of CDK2, S phase delay, cell apoptosis, reduced cell viability, and 

proliferation in a p53-independent manner, cyclin A1 is suggested 

to be a promising anticancer target molecule, especially in lung 

cancer. 
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ABSTRACT (IN KOREAN)  

 

 

폐암폐암폐암폐암    세포주에세포주에세포주에세포주에 siRNA  siRNA  siRNA  siRNA 기법을기법을기법을기법을    이용한이용한이용한이용한 cyclin A1 cyclin A1 cyclin A1 cyclin A1과과과과 cyclin B1 cyclin B1 cyclin B1 cyclin B1의의의의    

세포살상세포살상세포살상세포살상    효과효과효과효과    

    

< 지도교수  이이이이    두두두두    연연연연    > 

 

연세대학교 대학원 의학과 

 

문 동 석 

 

    

본 연구는 정상에서는 발현이 안되나 종양에서는 과 발현되는 

종양생성인자에 중요한 cyclin A1과 cyclin B1을 폐암 세포주를 

대상으로 siRNA기법으로 억제 시켜 초래되는 세포억제 혹은 

세포살상효과를 판정한다. 

실험대상은 폐암세포주인 H157과 H596을 사용하며, HeLa 세포주와 

정상 대조군으로 NIH3T3 세포주를 이용한다. 사용하는 기법은 RNA 

interference기법 중 siRNA방법을 이용하며 대상 물질인 cyclin A1 과 

cyclin B1의 promotor하방 100bp이하 부위를 특이적으로 선택하여 

oligofectamin으로 세포내 주입 후 dsRNA 생성한 후 RNA polymerase 
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III에 의해 특이적 siRNA를 생성시키는 방법을 이용하였으며, 확인 및 

검정방법은 관련 유전자들의 western blot, 면역형광검사, 유세포 

측정기, Annexin V의 유세포 측정을 통한 apoptosis 측정, XTT 및 soft 

agar colony growth실험과 DNA ladder를 통한 apoptosis검사를 

시행하였다.   

Cyclin B1을 대상으로 한 siRNA 결과 HeLa 세포주에서는 억제효과가 

큰 반면 폐암 세포주에서는 세포 살상효과가 현저하지 않았다. 반면 

Cyclin A1 siRNA는 폐암 세포주에서 세포 살상효과가 매우 현저하였으며, 

cyclin B1, cdc2, cdk2등의 관련 인자들의 억제효과도 동시에 

관찰되었다. 세포고사도 각종 실험에서 모두 현저하게 나타났으며 bcl2 

와 Bax 모두 변화가 있었다. 이는 p53의 변이형을 가진 세포주에서 

나타난 결과이므로 이들 세포고사는 p53에 비의존적 경로로 나타난 

것으로 해석된다.  

결론적으로, cyclin A1은 HeLa 세포주와는 달리 폐암 세포주에서 

확연히 세포살상효과를 보여 매우 유망한 항암 효과를 가진 대상물질로 

사료된다.  

 

핵핵핵핵심심심심    되는되는되는되는    말말말말: cyclin A1, RNAi, 폐암, 세포살상    
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