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Abstract 
 

 

Naturally occurring antisense transcripts have been reported to be present in different 
types of organisms, where they seem to regulate gene expression of the respective sense 
transcripts at the post-transcriptional level. By having this role, they can be implicated in 
human genetic diseases that result from abnormal regulation of either sense or antisense 
gene transcription. In this study it was attempted to investigate whether such an 
interaction between sense and antisense transcripts of genes involved in the cell cycle 
regulation is present in leukemic cells. By using a myeloid-derived cell line – U-937 – 
induced towards differentiation by all-trans retinoic acid and 1,25-dihydroxy vitamin D3, 
the presence of Cyclin A sense and antisense transcripts in such cells was studied, as well 
as variations in their expression levels in treated and untreated samples, at different times. 
Gene expression was quantified by quantitative real-time polymerase chain reaction, 
using gene-specific cDNA derived from total RNA isolated from the cells. The results 
showed that both transcripts are regulated in a similar manner, displaying an initial burst 
in expression after a few hours of treatment followed by reduced expression, possibly 
indicating the existence of common regulatory properties. If true, the involvement of such 
a regulatory mechanism in the abnormal differentiation of leukemic cells could reveal a 
new target for pharmaceutical treatment of patients.



 3 

Introduction 

 

 

Sense – antisense transcription 

Naturally occurring antisense transcription has been widely reported among prokaryotes, 
eukaryotes and viruses during the past few years (Yelin et al, 2003). Naturally occurring 
antisense transcripts – referred to as NATs – are RNA sequences complementary to other 
RNA strands (sense transcripts or mRNAs) that are present in the same cell or particle and 
are transcribed either from opposite DNA strands of the same gene locus (antisense 
transcription in cis to sense) or from dispersed loci in the genome (antisense transcription in 
trans to sense), (Lavorgna et al, 2004). A number of them have been reported to encode 
proteins, but the majority are thought to be implicated in regulation of gene expression by 
several distinct mechanisms (Yelin et al, 2003). Such mechanisms can be masking of mRNA 
splicing and translation, RNA editing, RNA interference and genomic imprinting (Dahary et 

al, 2005). In several eukaryotes, these RNA silencing mechanisms were initially reported as 
antiviral, protecting the infected organisms from RNA viruses or from random integration of 
retrotransposons (Meister and Tuschl, 2004). Interestingly, small interfering RNAs – 
products of RNA interference – have been reported to mediate GC methylation of promoters 
and gene silencing in several organisms including humans (Matzke and Birchler, 2005). 
Whether such mechanisms are implicated in human genetic diseases or not remains to be 
elucidated, as it can be hypothesized that abnormal regulation of gene expression at the post-
transcriptional level could be the cause of several such diseases. 
 
Hematopoiesis and cell cycle regulation 

Hematopoiesis undergoes stringent cell cycle regulation, as it is of high importance for the 
normal transaction of the process that the cells involved maintain their cell cycle-dependent 
functions. If this regulation collapses, malignant transformation towards leukemic cells might 
occur (Furukawa, 2002). Such a case is myeloid leukemia, where committed progenitor cells 
are retained in an immature, undifferentiated phase and constantly proliferate. This is caused 
by a cell cycle deregulation and a failure of G0/G1 cell cycle arrest (Dimberg and Öberg, 
2002). U-937, a myeloid-derived immortalized cancerous cell line (Walters, 2002), has been 
widely used for studying myeloid differentiation (Strefford et al, 2001). In commonly used in 

vitro models, inhibition of proliferation and further cell differentiation of U-937 cells can be 
induced by both 1,25-dihydroxy vitamin D3 [1,25(OH)2D3] (Rots et al, 1999) and all-trans 
retinoic acid (ATRA) (Dimberg et al, 2003). 1,25(OH)2D3 is an active metabolite of vitamin 
D3 and acts by binding to the intracellular vitamin D3 receptor that targets several genes 
(Rots et al, 1999). ATRA acts in a similar way, by binding to and activating the nuclear 
receptor complex formed by the retinoic acid receptor and the retinoic X receptor 
(RAR/RXR) (Dimberg and Öberg, 2002). Both stimuli have common target genes that are 
involved in the cell cycle, such as cyclins, cyclin-dependent kinases (CDKs) and cyclin-
dependent kinase inhibitors (CKIs), (Rots et al, 1999, Dimberg and Öberg, 2002). 
 
Effects of ATRA and 1,25-dihydroxy vitamin D3 treatment at the protein level 

Using U-937 cell lines induced towards differentiation by 1,25(OH)2D3, Rots et al (1999) 
report the variations on levels of cyclins, CDKs and CKIs at different time points upon 
treatment with 1,25(OH)2D3. Cyclins and CKI proteins are of low abundance a few hours 
after treatment and their levels increase after 8 to 12 hours of treatment. After 72 hours, 
cyclin levels drop, whereas CKI levels remain the same. CDK levels are high and remain 
stable throughout treatment. Furthermore, as reviewed by Dimberg and Öberg (2002), upon 
ATRA treatment and subsequent G0/G1 cell cycle arrest of U-937 cells, cyclins and CDKs 
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are widely down-regulated, whereas CKIs are up-regulated. Although studies reporting the 
protein levels of cell cycle-involved genes upon such treatments are present, no published 
study includes information about mRNA levels of the respective genes. Moreover, 
information regarding the presence of antisense transcripts for these genes is not available. 
However, for some of them the antisense transcript is bioinformatically predicted (Fredrik 
Öberg, personal communication). It is of high importance to reveal the relationship between 
sense and antisense transcripts under such conditions, as it could lead us to the understanding 
of their regulation of expression at the post-transcriptional level. Studies on the protein level 
have provided significant information and background knowledge, but might also be 
misleading, as the half life of a protein is much higher from that of an RNA transcript and 
can be maintained in the cytoplasm for several hours more after treatment. 

 
Quantitative real-time PCR 

Quantitative real-time PCR (qrt-PCR) is a method used to quantify a desired template – the 
DNA target sequence – during its amplification, at the exponential phase of every PCR cycle. 
During this phase the amount of amplicon is directly proportional to the amount of template 
present when starting the procedure. Apart from the target gene, the expression of which one 
wishes to study, a reference gene is also required. This gene has to have constant and stable 
expression, so that one can use it to calculate relative expression of the target gene. This 
method enables the researcher to directly interpret the changes in the expression between the 
target and the reference gene, already before the analysis is finished. In this way, no post-
PCR steps that might introduce new sources of error are necessary. 
 
To detect the number of amplicons present in every cycle, a detector called SYBR Green I is 
used. SYBR Green I is an intercalating dye that fluoresces when binding to the minor groove 
of double-stranded DNA and therefore provides a measure of the total number of amplicons. 
This fluorescent signal is then collected by a laser detector present in the machine used and is 
analysed by the appropriate software. By this specific software one can view the progress of 
the amplification in the amplification curve, the dissociation curve obtained for every sample 
and the threshold cycle (Ct). The amplification curve consists of three distinct phases: the 
baseline, the exponential and the plateau. At the baseline the fluorescent signal that 
accumulates for every sample is beneath the limits of detection for the machine, as the PCR 
is still at its first few cycles. When the fluorescent signal that is generated from the detector 
dye (in this experiment SYBR Green I) becomes significantly greater than the signal 
generated from the passive reference dye (ROX), the amplification curve crosses the 
threshold line and enters the exponential phase. As I mentioned before, the DNA target 
sequence is quantified at this phase. After a number of cycles and due to factors that have to 
do with the reagents and enzymes used, the amplification stops to be exponential and reaches 
a plateau. The point at which the signal generated from the detector dye overtakes that of the 
passive reference dye defines the threshold cycle (Ct). Ct values, which are ordinary 
numbers, are directly proportional to the amount of DNA template present when starting the 
procedure and are used to analyse mRNA expression levels of several samples, after 
converting it to cDNA. The dissociation curve is generated after the amplification cycles are 
finished. All products are heated – melted – and are left to reanneal, as the temperature 
applied to the samples drops. The temperature at which every product in each sample 
reanneals is viewed as a single peak in the so called dissociation curve. If two peaks are 
present in the dissociation curve of one sample, it means that two products are present and 
that the fluorescent signal emitted is not generated only by the target sequence (Ginzinger, 
2002). 
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Aim of the study 

In this report, U-937 cell lines induced towards differentiation with both 1,25 (OH)2 D3 and 
ATRA, were used to study the relative levels of Cyclin A sense and antisense transcripts by 
quantitative real-time polymerase chain reaction (qrt-PCR). More specifically, it was studied 
whether the bioinformatically predicted antisense transcript of Cyclin A is present in these 
cells or not and how it is expressed during their differentiation. Furthermore, it was studied 
whether sense and antisense expression display a common regulatory pattern or not.
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Results 

 

 

U-937 cells treated with all-trans retinoic acid (ATRA) or 1,25-dihydroxy vitamin D3 
[1,25(OH)2D3] were harvested at six separate time points: 2, 4, 6, 8, 24 and 48 hours after 
treatment. Untreated cells were also harvested at the same time points and served as 
calibrator for the unbiased gene expression of the gene tested. In total, 18 samples were used 
and treated in the same way. Total RNA was extracted and genomic DNA possibly present 
was removed by DNase treatment. Gene-specific cDNA for sense and antisense Cyclin A 
strands was synthesized in separate tubes, but cDNA for beta-actin was synthesized 
simultaneously in the tubes, to serve as an endogenous reference gene with constant 
expression. The gene-specific cDNA was used in qrt-PCR, to determine the relative 
expression of Cyclin A during differentiation induced by ATRA or 1,25(OH)2D3. The results 
are shown in Figures 1 and 2. 
 
 

 
 

Figure 1 Cyclin A sense and antisense gene expression after ATRA treatment. 2-∆∆Ct values indicate the relative 
amount of target gene present, normalized to an endogenous reference (beta-actin) and relative to a calibrator 
(untreated samples). Upper and lower error bars show the standard deviation among the triplicate samples 
analyzed at each time point. 

 
 

The results obtained clearly show that the antisense transcript of Cyclin A was present in 
cells induced to differentiate by both stimuli. In cells induced by ATRA, both Cyclin A sense 
and antisense transcripts were not expressed initially, they displayed a burst in their 
expression after 4-6 hours of treatment and were finally turned off after 48 h of treatment. It 
is important to notice that at 6 hours after treatment, when the antisense transcript reached its 
highest expression, the expression of the sense transcript dropped significantly and remained 
at these low levels until it was shut down (Figure 1). In cells induced by 1,25(OH)2D3 Cyclin 
A sense and antisense transcripts showed an almost identical expression pattern. Their 
expression was very low after 2 h of treatment, reached a peak at 6 h and dropped close to 
zero after 24 h (Figure 2). 
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In conclusion, both in ATRA and 1,25(OH)2D3 treated cells, Cyclin A antisense transcription 
was present. Cyclin A sense and antisense transcripts were not expressed initially, they 
reached their highest levels of expression after 4 to 6 hours and were eventually turned off. 
They seemed to be down-regulated in a similar way, after an initial burst in their expression. 
 
 

 
 

Figure 2 Cyclin A sense and antisense gene expression after 1,25(OH)2D3 treatment. As in Figure 1 2_∆∆Ct 
values specific for each time point were used to analyze the expression of Cyclin A. Again, upper and lower 
error bars show the standard deviation among the triplicate samples used. 
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Discussion 

 

 

Cyclins are proteins involved in the cell cycle by assisting the transition from the G1 phase of 
the cycle to the S phase and from the G2 phase to the M phase. In particular, cyclin A seems 
to play a role in regulation of DNA replication and in assisting a protein complex that 
promotes transition of the cell cycle into mitosis, so the gene is active during these phases of 
the cycle (Yam et al, 2002). Furthermore, during differentiation-related cell cycle arrest, cells 
tend to go through one or more cycles before they become arrested at G0/G1 transition point 
(Dimberg and Öberg, 2002). These two observations can explain the initial burst in Cyclin A 
sense strand expression, after all-trans retinoic acid (ATRA) and 1,25 dihydroxy vitamin D3 
[1,25(OH)2D3] induction of differentiation of U-937 cells. On the other hand, it is not 
obvious why antisense transcripts present similar expression patterns. 
 
At the protein level, after inducing differentiation of U-937 cells with both stimuli, Cyclin A 
is present at high levels after a few hours of treatment – possibly due to pre-existence in the 
proliferating cells – rises after 8 to 12 hours and finally drops when the cells are heading 
towards irreversible differentiation (Rots et al, 1999, Dimberg and Öberg, 2002). Sense 
transcript results are consistent with these observations. They indicate an initial burst in 
expression, followed by the down-regulation of the gene, as Cyclin A is not needed when the 
cells differentiate and therefore stop proliferating. Antisense transcription displays a similar 
pattern. This supports the possible presence of common regulatory components that drive 
both sense and antisense transcription. These could be similar promoter sequences and 
transcription factors that act on these promoters. 
 
On the other hand, it is not clear why both sense and antisense transcripts have almost zero 
expression after two hours of treatment. At least for the sense transcript and as the protein is 
present after a few hours of treatment, it would have been reasonable to acquire some levels 
of the sense transcript. For the antisense transcript no speculations could be made before 
performing the experiment, as it was only bioinformatically predicted and no experimental 
confirmation had been made before (Fredrik Öberg, personal communication). Apart from 
the common regulatory properties sense and antisense transcripts might posses, the antisense 
transcript could also be regulated in a totally different manner from that of the sense 
transcript. There is the possibility that the antisense transcript is not expressed after a few 
hours of treatment because it would prevent the expression of the sense transcript at any 
level, as it could bind to it by complementarity. This scenario on the other hand does not 
explain the absence of the sense transcript after 2 hours of treatment. 
 
Altogether, the results on Cyclin A sense and antisense gene expression indicate that the gene 
is active during the first steps of differentiation and is down-regulated and turned off towards 
the final steps. The antisense transcript of the gene is indeed present in the cells used. As 
absolute numbers the results should not be taken into account, as the cells were at different 
phases of their cell cycle when the treatments were applied and as a result, they were 
expressing different levels of the transcripts when removed at the six time points. That is why 
I focused on the analysis of the relative expression between sense and antisense transcripts. 
Finally, repetition of the experiment on freshly treated cell lines is essential, to reveal the 
irrespective reoccurrence of the results. Moreover, the simultaneous study of more genes 
which are involved in cell cycle regulation and are either up- or down-regulated expressing 
different regulation patterns will reveal interesting information and will allow a deeper 
understanding on the regulation of genes involved in the cell cycle. 
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Materials and Methods 

 

 

Cell cultures 

Suspension cells from the human myeloid cell line U937 growing in RPMI-1640 (Sigma) 
medium supplemented with 10% heat inactivated fetal calf serum (FCS) were used. 106 cells 
/ 180 ml growing exponentially in the medium were divided in three subgroups with 60 ml 
volume each. These three subgroups were used to separately apply the treatment. 
 
Cell inductions 

Each subgroup of 60 ml received different treatment. Two were induced with either all-trans 
retinoic acid (ATRA) or 1,25-dihydroxy vitamin D3 [1,25(OH)2D3] and the respective final 
concentrations were 10-6 M and 10-7 M. One subgroup remained untreated to be used as 
calibrator during the experiment. 10 ml of cell suspension were removed at 6 time points: 2, 
4, 6, 8, 24 and 48 hours, from all three subgroups – in total 18 samples -  and treated 
according to the manufacturer’s instructions for further RNA isolation with TRIsol® reagent 
(Invitrogen). Each 10 ml aliquot of cells was harvested in falcon tubes (15 ml) and 
centrifuged at 11000 x g for 5 minutes at room temperature. Most supernatant was discarded 
and the pellet was transferred into a microcentrifuge tube (1.5 ml) and centrifuged again at 
13000 x g for 5 min at room temperature. All supernatant was discarded and the pellet was 
redissolved in 1ml TRIzol® reagent, allowed to stand for 5 min and then frozen at -70ºC. 

 
RNA isolation and DNase treatment 

From each sample total RNA was isolated using the TRIsol® reagent following the on line 
protocol by Invitrogen (http://www.invitrogen.com/content/sfs/manuals/15596026.pdf, 1.11.05). 
After thawing, 0.2 volumes of chloroform (referring to TRIzol volume) were added to each 
sample, the samples were shaken and for phase separation, they were centrifuged at 12000 x 
g for 15 min at 4ºC. The aqueous phase containing the nucleic acids was transferred to a 
fresh 1.5 ml tube and 0.5 volume of isopropanol were added (referring to TRIzol volume) to 
precipitate the nucleic acids. The samples were centrifuged at 12000 x g for 10 min at 4ºC. 
The pellet was washed by adding 1 ml 75% EtOH, resuspending and centrifuging at 7500 x g 
for 5 min at 4ºC.  The pellet was dissolved in 50 µl of distilled water (dH2O) and the 
concentration of nucleic acids was measured using the Nanodrop software. 3 µg of RNA 
from each sample was treated with DNase according to the DNA-free™ protocol provided in 
the kit (Ambion). To each RNA sample 2 µl of 10x DNase buffer, 1 µl of recombinant 
DNase I (rDNase I) enzyme and distilled RNase-free water were added on ice to a final 
reaction volume of 20 µl. The reactions were incubated at 37ºC for 1 h and then 5 µl of 
DNase Inactivation Reagent was added to inactivate the enzyme. The samples were 
centrifuged at 10000 x g for 1 min at room temperature, the supernatants (20 µl) were 
transferred into fresh 1.5 ml tubes and the concentration was measured again by Nanodrop. 

 
Gene-specific sense and antisense strand cDNA synthesis 

DNA-free RNA obtained from each sample was used for first-strand cDNA synthesis, using 
Superscript™ III reverse transcriptase (RTase) and following the protocol in the kit 
(Invitrogen). Cyclin A sense and antisense strand cDNAs were synthesized separately in 
different tubes, using 0.5 µg RNA for each. cDNA for beta-actin mRNA was also 
synthesized in the same tubes, so as to provide a positive control and reference for 
quantitative real-time PCR (qrt-PCR). The primers used (Biopro), are shown in Table 1.  
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Table 1 Gene-specific primer sequences used for cDNA synthesis. 

 Forward primer Reverse primer 

Cyclin A sense strand 5’-cca ggg ttc tca gaa tgg aa-3’ 
5’-gaa gcc aag atg ctc cca 
ta-3’ 

Cyclin A antisense strand 5’-cca cca gtg caa aac aag aa-3’ 
5’-cag agg ttg gga gtg gaa 
ga-3’ 

beta-actin 5’-act gga acg gtg aca g-3’ 5’-ggt ggc ttt tgg caa g-3’ 

Primer sequences are shown from 5’ to 3’ end. 

 
 
For each sample a volume of DNA-free RNA containing 0.5 µg of RNA, 1 µl of 
deoxynucleotide triphosphates (dNTPs, 10 µM/µl) and 4 µl of Cyclin A and beta-actin 
forward primers (2 µl, 1 µM/µl) were added in fresh tubes on ice. dH2O was added to a final 
volume of 13 µl and the samples were heated for 5 min to 65ºC for denaturation. Then, they 
were left for at least 2 min on ice, for the primers to anneal to the RNA strands. 4 µl 5x 
buffer, 1 µl dithiothreitol (dΤΤ), 1 µl RNase inhibitor (RNase out) and 1µl reverse 
transcriptase (RTase) were added to each sample (final volume 20 µl), all provided in the 
Invitrogen Superscript™ III reverse transcriptase kit. The samples were incubated at 55ºC for 
cDNA synthesis and after 1 hour, they were heated for 15 min at 70ºC to inactivate the 
enzyme. They were diluted 5 times by adding 80 µl of dH2O and 5 aliquots of 20 µl each 
were prepared. Negative controls for each sample were also prepared in the same way, 
substituting RTase with dH2O, so as to be able to view if any genomic DNA was left, during 
qrt-PCR. 

 
Quantitative real-time PCR 

qrt-PCR was performed using the detection system Platinum® SYBR® Green qPCR 
SuperMix UDG with ROX (Invitrogen). Following the protocol provided in the kit, reactions 
were prepared on a 96-well plate and kept on ice throughout the procedure. In each well, 5 µl 
cDNA, 1.5 µl gene-specific primer pairs (10 µM/µl), 12.5 µl Platinum® SYBR® Green qPCR 
SuperMix UDG with ROX and 6 µl dH2O were added together (reaction volume 25 µl). 
ROX served as the passive reference dye that provides an internal fluorescence reference to 
which the reporter dye signal (SYBR Green I) can be normalized during data analysis. The 
qrt-PCR machine software does this normalization automatically. For each Cyclin A strand-
specific cDNA, triplicate samples with beta-actin and Cyclin A primer pairs were prepared in 
separate wells. Negative controls without template – cDNA using all three primer pairs were 
also prepared, to be certain that no contamination had occurred. The negative control samples 
without RTase prepared during the previous step were also used with all three primer pairs. 
The 96-well plates were sealed with optical adhesive ABsolute™ QPCR plastic sheets 
(ABgene) and qrt-PCR was performed on ABI Prism® 7000 Sequence Detection System 
(Applied Biosystems). The machine protocol followed was specific for SYBR® Green with 
ROX reference dye, using a melting curve analysis. The cycling program was 2-stepped: 
50ºC for 15 seconds hold, 95ºC for 2 min hold, 45 cycles of 95ºC for 15 sec and 60ºC for 30 
sec. 

 
Statistical analysis 

The data obtained from the quantitative method were analyzed on Microsoft Excel 
datasheets, using the Delta Delta Cycle threshold (Ct) method (∆∆Ct method), as described 
by Livak and Schmittgen (2001). Ct values from all samples were extracted from the ABI 
Prism® 7000 software and analyzed in triplicates, according to the triplicate samples as they 
were set up for qrt-PCR. The samples were clustered in three groups, according to the 
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primers used – beta-actin, Cyclin A sense and antisense – and mean Ct and standard 
deviation values for every triplicate samples were calculated. To calculate the ∆Ct value the 
mean Ct value of the reference gene was subtracted from the mean Ct value of the target 
gene. More specifically the following formula was used: 

 
)()( actinbetaCtCyclinACtCt −−=∆  

 
The Ct values of Cyclin A sense and antisense samples were now normalized against those of 
beta-actin, the endogenous reference. Of course the Ct values used for beta-actin and Cyclin 
A were of the same time points. To normalize the treated samples [ATRA and 1,25(OH)2D3] 
against the untreated samples – the calibrator – the ∆∆Ct values of these samples were 
calculated. The formula used here was the following: 

 
).().( samplecalibratorCtsampletestCtCt ∆−∆=∆∆  

 
∆∆Ct calculations express data in the context of test sample versus calibrator sample. Some 
of these values were positive and other negative. To be able to use them on a graph without 
creating mechanistic difficulties, all the ∆∆Ct values were expressed as negative power of 2. 
Finally, these 2-∆∆Ct values were plotted against time.  
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