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Summary 

 

Adenoviral immediate early gene 1A, coding for the E1A protein is an oncogene whose 
expression deregulates cellular control of proliferation and cell cycle progression. This function 
of E1A is achieved by its binding to histone acetyl transferases (HATs) and members of the 
retinoblastoma protein family (pRb). The HAT enzymes are responsible for opening the 
chromatin structure, and in this way activating transcription. Binding of E1A to one of the major 
tumour suppressor genes pRb disrupts pRb’s interaction with the E2F transcription factor. Both 
these activities contribute to S-phase progression and facilitate viral replication. One additional 
essential function of E1A is achieved by its binding to the CtBP (C-terminal binding protein). In 
response to E1A in established inducible E1A-expressing cell lines (U2OS10/31), the fine-tuned 
balance between the protein’s oncogenic activities and recruitment the cellular co-repressor CtBP 
is suggested to control apoptosis. In a cell line expressing an E1A mutant (E1A∆CID) unable to 
bind CtBP (U2OS10/1 cell lines) no or little apoptosis occurs. In addition, the mutant E1A 
protein appears to be more stable than the wild type E1A, which could account for its ability to 
avoid apoptosis. 
 
The DEK oncogene encodes a protein whose main function is chromatin binding. Even though 
DEK has been associated with tumour malignancies, the mechanism and involvement of DEK in 
cancer development is not yet understood. A recent study in HPV positive cells showed that DEK 
down regulation leads to apoptosis or senescence (Wise-Draper, 2006). It is not yet known how 
and which of the two processes is more likely to occur. Based on the capacity of E1A to induce 
apoptosis, and on similarities between adenoviral E1A and E7 from Human Papilloma virus 
(HPV), it was of my interest to investigate whether DEK was affected by E1A. Taking into 
account that DEK has potential E2F binding sites the hypothesis suggested that E1A could 
regulate DEK trough the pRb pathway. It was also suggested that the mutant E1A∆CID protein 
would fail to induce apoptosis, and DEK protein levels would be higher in E1A∆CID expressing 
cells in comparison to wild type E1A expressing cells. The presence of wild type but not the 
mutant E1A stabilized p53, suggesting apoptosis might be occurring in the U2OS10/31 cells. 
DEK protein levels were affected by only the wild type E1A suggesting DEK re-localization to 
the cytoplasm. Proteins in insoluble protein fraction showed some DEK induction by both wild 
type and mutant E1A. 
 

 

 

 

 

 

 

 1



 

Introduction 
 
Adenoviruses are viruses causing upper respiratory tract diseases as well as gastrointestinal tract 
infection and conjunctivitis. They are subdivided into 52 serotypes,  and are nononcogenic in 
humans. Adenovirus is a double-stranded DNA virus. After infection, the first gene that is 
immediately expressed is the E1A oncogene. This starts a cascade of pathways that would lead 
the cell to cell cycle progression and eventually cell death (Cobrinik, 1996). S-phase induction is 
beneficial for the virus and is important for viral replication and leads to expression of all other 
viral genes, starting the lytic cycle of the virus.  
 
Activities of E1A 
 
Histone Acetyl Transferase and retinoblastoma protein binding 
The E1A gene has two exons (fig 1). The first exon encodes the main domains of the protein that 
are responsible for its oncogenicity.  These include three conserved regions (CR1, CR2 and 
CR3). E1A has a long and a short form; CR3 is found in the long form only. Histone acetyl 
transferases are binding to the first conserved region of the E1A protein (CR1). E1A is a 
transcription factor, and after binding HATs could bring them in close proximity to the 
chromatin. The HATs then transfer an acetyl group to the histones, reduce their positive charge, 
and lead to weakened electrostatic interaction with the DNA. As a result of the weak DNA-
histone interaction the chromatin obtains a more open structure, with the DNA more accessible 
to the transcriptional machinery. In this way, transcription could be positively regulated 
indirectly by E1A by bringing HATs to the chromatin, or negatively regulated by sequestering 
HATs away from the chromatin (Arany et al., 1995). Sequestering HATs by E1A binding is the 
more common mechanism, leading to transcriptional repression rather than activation. To 
complete the cell’s transformation into a tumour cell the second region of E1A is essential.  The 
cells are pushed into the S phase of the cell cycle by E1A inhibiting retinoblastoma protein’s 
function (pRb) (Cobrinik, 1995). The interaction occurs within the second conserved region 
(CR2). E2F is a transcription factor, responsible for transcription of genes needed for DNA 
replication and S-phase entry.  In the Go state of the cell cycle, pRb normally binds E2F, thereby 
preventing the transcription activation of E2F target genes involved in cell cycle progression (fig 
2). In the presence of E1A, pRb is sequestered through binding to CR2 thereby releasing E2F, 
activating the cell cycle. E1A is also capable of transforming primary cells together with 
oncoprotein Ras. E1A expression leads to cell cycle S-phase entry and apoptosis (White, 2001). 
 
C-terminal Binding Protein binding 
 The C-terminal binding protein family was originally identified in by its interaction with the 
carboxy terminus of E1A (fig 1). In mammals, the protein family includes CtBP1 and CtBP2 
(reviewed in Chinnandurai, 2002). Most of the CtBP protein in the cell is CtBP1, it is more 
widely expressed. CtBP2 has a unique amino-terminus which is not present in CtBP1. CtBP is a 
cellular transcriptional co-repressor, and its down-regulation activates transcription (Sundqvist, 
2001). Recent study showed that the CtBP2 amino-terminus can be acetylated and might be very 
important in regulating the activity of the protein (Zhao, 2006). CtBP2 modifications might be 
important for E1A binding and influence E1A activities as an oncogene and transcription factor 
(Zhao, 2006) 
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. 
Fig 1. Schematic structure of E1A protein.  The two exons (upper panel) encode for the E1A protein (lower panel) 
Different parts of the E1A together are responsible for E1A’s interactions with many proteins, influencing many 
cellular pathways. 
 
Apoptosis, or programmed cell death, is a natural defensive mechanism of the cell, activated 
under stress conditions. Upon a virus infection, apoptosis prevents the spread of the virus to other 
cells. All viruses take advantage of the cell for their transcription and translation, and cell death is 
avoided by the viruses using different mechanisms. 
 
In an experimental system where transformation mechanisms are studied E1A cooperates with 
the second adenovirus oncogene E1B (immediate early region 1B) (Rao, 1992). E1B is required 
for full transformation of E1A immortalized cells. E1B is important for lytic infection since it 
stops the cellular attempts to induce cell cycle arrest and apoptosis. However, when E1B is 
absent, E1A will induce apoptosis in primary cells (Rao et al, 1992) through either p53-dependent 
or independent pathways. Interestingly, when transforming primary cells in cooperation with the 
oncoprotein Ras, the CtBP binding domain significantly reduced transformation and survival of 
transformed cells.  That was accompanied with an observed decrease in pro – apoptotic activities 
(Schaeper et al., 1995). This suggested that binding of CtBP might be important for E1A induced 
apoptosis. It also implies a connection between E1A activities and CtBP capacity to bind to E1A, 
which possibly has an impact on the cellular transcription regulation. E1A transcriptional 
activities are known to be influenced by CtBP binding (Sollebrant et al 1996). Since CtBP has 
been shown to be a repressor of pro-apoptotic genes (Grooteclaes, 2003), it is possibly that 
sequestering of CtBP by E1A prevents transcriptional repression. In this model, this function 
would be abolished by the E1A binding, and apoptotic genes would be expressed. Consequently 
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if E1A cannot bind CtBP, apoptotic genes would continue to be repressed and apoptosis would 
not be induced.  
 

 

Fig 2. Different pathways that could be affected by E1A. The ability of E1A to induce the cell cycle progression is 
accomplished by activation of the transcription factor E2F. The apoptotic pathways are influenced by E1A by 
affecting p53 stabilization. Pathway 1- E1A expression promotes E2F release from the pRb-E2F complex. Free E2F 
promotes both expression of cell cycle genes and p53 stabilization, the latter promoting apoptosis. Pathway 2 – 
HATs (for instance p300/CBP) are also binding to E1A, facilitating the same cascade as pathway 1. 
 

The possible effects of E1A on the DEK oncogene 
DEK is a nuclear protein that is associated with chromatin and introduces positive supercoiling of 
the DNA structure. It was originally discovered as a DEK-CAN translocation fusion in acute 
myeloid leukaemia patients and since then is connected to a cancer phenotype. Later, it was found 
to be expressed in all eukaryotes, excluding yeast. Structural studies on the DEK protein showed 
similarities with other proteins only within its DNA binding motif. The conserved domain (DNA 
binding domain called the SAP domain), by which DEK binds chromatin tightly, is shared with 
many other chromatin binding proteins. The protein has several phosphorylation sites. The only 
function assigned to DEK so far is structural organization of chromatin. Both DEK protein and 
mRNA are shown to be elevated in many different kinds of tumours, indicating that DEK is 
connected to cancer. However, the exact mechanisms in which DEK might participate to 
contribute to the cancer phenotype are not understood yet. DEK is also involved in some 
autoimmune diseases (rheumatoid arthritis). The DEK protein has a role in splicing (McGarvey, 
2000 and Soares, 2006) and DNA repair. It has three potential E2F binding sites in the promoter, 
providing a link between E1A and DEK through E2F-pRb pathway (Carro, 2006). Experiments 
in HeLa cells positive for Human Papilloma Virus and expressing the E7 oncogene show, that 
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down regulation of DEK in these cells by RNA interference leads to apoptosis (Wise-Draper, 
2005). That study showed the necessity of DEK expression for cell survival. DEK protein was 
capable of destabilizing p53, but on the other hand, apoptosis proteins (p53) are able to suppress 
DEK (Wise-Draper, 2006). Based on these observations, and on the similarities in activities of 
E1A and E7, we proposed that DEK levels might be influenced by E1A.  If apoptosis would 
occur in the E1A expressing cells, DEK levels would be lower than in absence of E1A.  
 
 
The TetON system and the hypothesis 
To study the effects and activities of E1A, there is a need for a system to overcome the toxic 
properties of the protein (fig 3). An inducible system (TetON), where E1A is only expressed on 
addition of an antibiotic (doxicyclin), allows controllable expression of E1A. Stable cell lines 
expressing E1A and E1A∆CID (U2OS10/31 and U2OS10/1 respectively), based on the TetON 
system, were previously described (Johansson, 2003). The E1A∆CID protein is incapable of 
binding CtBP. The system is built up so a reverse transactivator (rtTA) is constitutively expressed 
form the Cytomegalovirus promoter (CMV) as a monomer. It is functionally active only as a 
dimer, when it is able to bind to the TRE (tetracycline responsive element) in its target promoter. 
The TRE promoter has seven binding sites for rtTA. The bridge between two monomers of the 
rtTA dimer is doxicyclin.  In this way, E1A is expressed from the TRE promoter only upon 
doxicyclin (dox) addition 
. 

 
Fig 3. The principle of the TetON system. The reverse transactivator  (rtTA) is a transcription factor required for 
expression from TRE (tetracycline responsive element) promoter.  Its active dimeric form is formed upon doxicyclin 
addition. The rtTA is then ready to act on all target promoters (here - E1A promoter). Used with permission of 
Catharina Svensson. 
 
The model depicted in fig 4 demonstrates the complex role of E1A, with its first exon causing a 
cancer phenotype and the second exon involved in induction of cellular apoptosis in response to 
this phenotype. The wt E1A cells appear to die or lose expression of E1A upon continuous 
growth in presence of dox. On the other hand, the E1A∆CID cells show no signs of reduced cell 
growth or apoptosis even after two weeks of dox induction (Johansson, 2005). The E1A∆CID 
cells express significantly higher amounts of E1A, which in addition are more stable.  When 
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protein stability of wild type E1A was investigated (V.Rashkova, unpublished data), it was found 
to be targeted for degradation by the proteasome. Proteasomal inhibitors MG 132 were able to 
stabilise wild type E1A in a time-dependent manner. This was not observed for the E1A∆CID 
protein which suggests that E1A targeting to the proteasome might be dependent on the CtBP 
binding activity. In some way, the mutant protein escapes from this mechanism, its stability being 
unaffected by the proteasome inhibitors. The protein stability may affect the ability to cause 
apoptosis and explain the different phenotype between wt E1A cells and E1A∆CID cells. 
Whether the CtBP binding affects the proteasomal degradation through a separate pathway or this 
is related to apoptosis induction is at present unclear. 
 

 
 
 
 
 

Fig 4. The model system. This hypothesis suggests that oncogenic activities of E1A 
together with CtBP binding result in apoptosis in response to wild type, but not 
E1ACID protein. Used with permission of Catharina Svensson. 

I hypothesized that E1A would have an effect on DEK protein levels, similarly to Human 
Papilloma Virus E7 oncoprotein. The oncogenic activities of E1A combined with binding to 
CtBP would finally result in apoptosis, which could be caused by DEK down-regulation in wt 
E1A cells (fig 5). On the other hand, the interplay between those two activities is not possible in 
E1A∆CID cell lines, which would lead to higher DEK expression level. Elevated DEK levels in 
E1A∆CID cells in comparison to wt E1A cells were also expected due to the increased stability 
of E1A and the better survival of these cells, where the transformation is not counteracted by an 
apoptosis effect. Also, the CtBP co-repressor activities would be intact in E1A∆CID cells, 
thereby inhibiting apoptosis. In the DEK promoter, two E2F binding sites are found. It is possible 
that they are activated in response of E1A, since wild type E1A would lead to E2F release from 
pRb. Even though mutant E1A is also binding to pRb, the inability to bind CtBP might interfere 
with those activities, increasing the effect of DEK promoter activation.  
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Fig 5. Possible effects of E1A on DEK oncogene. The regulation is suggested to occur through E2F, leading to up-
regulation of DEK transcription form E2F dependent DEK promoter. E2F is released from pRb-E2F complex after 
pRb binds to E1A. Free E2F binds to its responsive promoters, one of which is DEK promoter. E2F is able to both 
activate S-phase genes and stimulate p53 stabilization. CtBP on the other hand binds to C-terminus of E1A and 
relieves repression on apoptotic genes. When wild type E1A is expressed and apoptosis is induced, the DEK protein 
would be down-regulated by p53 (DEK is needed for survival). On the other hand if the mutant E1A is expressed the 
apoptotic genes will stay repressed by CtBP, and DEK protein will be up-regulated through E2F pathway. Then DEK 
protein would be able to destabilize p53.  
 
Western blot 
The principle of the western blot method is simple, including separating the proteins on an SDS 
polyacrylamide gel electrophoresis. This is followed by transferring of the proteins to a 
membrane and detection by protein-specific antibody. Two antibodies are used, a primary 
antibody that is specific for the particular protein and the second, binding to the first, having a 
detection marker attached.   
To measure transcription activation from the DEK promoter, the strategy was to create a 
construct expressing E2F sensitive reporter gene, which would be expressed from the DEK 
promoter (fig 6). The activation of the promoter would be related to the read-out expression 
levels of the reporter gene (in this case luciferase). Luciferase is an enzyme, that emits light on 
addition of its substrate, luciferin. 
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DEKLuc construct 

DEK promoter                luciferase 

Potential 
E2F binding 
sites 

Fig 6. Principle of reporter gene analysis. The reporter gene is expressed from the promoter of interest and 
promoter activation is measured through the reporter expression. In this study the DEK promoter, including its E2F 
binding sites is cloned in front of the luciferase reporter gene.  
 
Aims  
This study aimed to verify if apoptosis occurred  in  wt  E1A  cells and whether CtBP had an 
impact on these effects. In addition the possible link between E1A and DEK expression levels 
was addressed. The aim was to see whether CtBP binding to E1A might affect such possible 
connection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 8



Results: 
 
U2OS10/31 (expressing wild type E1A) and U2OS10/1 (expressing E1A∆CID) cells were first 
tested for E1A inducible expression prior to carrying out the experiments. Both cells lines were 
induced with dox, with concentrations 2 µg/ml for the wild type E1A and 0.02 µg/ml for the 
mutant (fig 7). 293 cell lines that constantly express E1A were used as a positive control. 
 
 
 
 
 
 
 

            E1A 

            1                 2                3                  4                5 
 
dox      +                +                 -                   -             ctrl     
          wt              mut             wt                mut           293

            Actin 
 
 
Fig 7. Functional test of the inducible TetON system. Upper part: E1A was detected using Western blot analysis; 
equal amounts of proteins were loaded on a sodium dodecyl sulphate polyacrylamide gel and transferred to a 
nitrocellulose membrane. E1A was detected with polyclonal antibody against E1A. Lane 1: U2OS10/31 cells (wt) 
induced with dox, lane2: U2OS10/1 cells (mut) induced with dox, lane3: U2OS10/31 cells uninduced, lane 4: 
U2OS10/1 cells uninduced, lane 5: 293 cells positive control. Lower part: Actin control was used as a loading 
control. 
 
Apoptosis 
To test whether apoptosis was induced in the U2OS10/31 cells, but not in U2OS10/1 cells the 
main mediator of apoptosis and cell cycle arrest, p53, was measured. Western blot analysis was 
performed 24 and 48 hours after induction of E1A expression with dox. The stabilization of p53 
occurred after 48 (fig 8B), but not 24 hours (fig 8A) of induction in wild type E1A expressing 
cells. I used the proteasome inhibitor MG-132, which inhibits protesomal degradation of proteins. 
Since p53 is targeted to the proteasome by ubiquitination, MG-132 would affect p53 levels by 
stabilizing the p53 protein. The stabilization of p53 in result of wild type E1A expression was 
almost as much as in the positive control, treated with MG 132. This effect was not observed in 
the E1A∆CID cells expressing the mutant E1A protein. 
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A.                                                              B. 

  
 
wt    wt      wt        wt         mut    mut    mut   mut              cell line               wt        wt     mut  mut    10      10    ctrl     ctrl 
 -       -        +          +           -        -       +       +                    dox                     +         +       +      +       +       +        -       - 
 
-        +        -          +         -         +       -         +                 MG-132                -          +      -       +        -         +       -       +     

24h 48h 

p53 

actin 

E1A 

1       2        3        4        5        6        7       8                                    1      2       3       4        5        6       7        8 

Fig 8. p53 expression in U2OS 10/31 and U2OS10/1 cells. 90µg total protein was loaded on a 12% SDS 
polyacrylamide gel. Actin and E1A were detected on the same nitrocellulose filters as a loading control and E1A 
expression control, respectively, as indicated. U2OS10 cells were transfected for 48h with 2 µg pCGp53 as a positive 
control in lanes 7 and 8 (A and B). 10 µg/ml proteasome inhibitor MG 132 was added to cells in lanes 2, 4, 6, and 8 
(A and B). A. All three pictures are from the same filter, incubated with the antibodies, indicated to the right. 
Samples in lanes 3, 4, 7 and 8 were induced with dox for 24h (see Materials and Methods). Samples in all the lanes 
are derived from the cell lines indicated to the right (wt stands for U2OS10/31 cells, and mut stands for U2OS10/1 
cells). B. p53 was detected in U2OS10/31 cells (1 and 2, indicated with wt); U2OS10/1 cells (3 and 4, indicated with 
mut) and U2OS 10 cells (5 and 6, indicated with 10). Samples in lanes 1-6 were induced with dox for 48h. 
 
DEK expression  
To determine if DEK was up-regulated in E1A∆CID cells the expression of E1A protein was first 
verified on Western blots (data not shown) and DEK expression was investigated using a Western 
Blot (fig 9). Cells were lysed with an IsoB/NP40 buffer to obtain the cytoplasmic fraction. The 
nuclei were kept intact, due to the mild detergent used to lyse the cells. The nuclear membrane 
was unaffected due to its connection to the endoplasmic reticulum making it a double membrane, 
and the different composition of proteins between the nuclear and the cellular membrane. The 
soluble nuclear fraction was obtained with RIPA buffer and after sonication. The insoluble in 
RIPA fraction was dissolved in SDS-loading buffer. 

 

 10



   
  

A.  Nuclear DEK                        Insoluble fractions

B.    Cytoplasmic DEK                 Insoluble fractions 

         wt      wt     mut   mut   10        -      wt    mut           cell line 
          -         +        -       +                   -      +      +               dox 

          -           +        -         +                 -          -                    dox 
         wt        wt     mut    mut              wt       mut           cell line 

43kD 

  43kD 

1 2 3 4 5 6 7 8

    1              2            3            4            5         6           7

Fig 9. DEK expression was analysed using western blot. A: Nuclear proteins from U2OS 10/31 (wt-1 and 2), 
U2OS10/1 (mut-3 and 4) and U2OS10 (5, indicated with 10) cells were extracted and run on a 12% SDS 
polyacrylamide gel. Samples in lanes 2, 4, 7 and 8 were induced with dox for 24h. Lanes 6, 7, 8-insoluble pellets 
from U2OS10 (6), U2OS10/31 (7) and U2OS10/1 (8) cells were disrupted in SDS loading buffer. After the transfer 
to the nitrocellulose membrane, the membrane was probed with DEK antibodies. B: Cytoplasmic protein fractions 
from: U2OS 10/31 (wt-1 and 2), U2OS10/1 (mut-3 and 4), U2OS10 (5), U2OS10/31 and U2OS10/1 insoluble 
fraction uninduced (6 and 7 respectively). The cells were induced with doxicyclin in samples in lanes 2 and 4. 
 
DEK protein levels were not significantly changed between wild type E1A and E1A∆CID 
expressing cells, lower amount of DEK was present in E1A∆CID expressing cells. Upon 
induction with dox there was no major increase in DEK levels in nuclear fractions (fig 9A), but in 
the cytoplasmic fraction there was a slight increase in the wt E1A cells (fig 9B). This would 
suggest possible DEK re-localization upon induction. Since there was no major effect on the 
protein level, I went on to check if there was any activation or repression of DEK on the level of 
transcription. 
 
To investigate possible effects of E1A and E1A∆CID at mRNA level, it was convenient to create 
a construct expressing a reporter gene under the DEK promoter and look for promoter activation. 
Such a construct was made using pTRELuc exchanging the tetracycline responsive element (TRE 
element) for the DEK promoter (see Materials and Methods). The DEK promoter was amplified 
from genomic DNA. To investigate the activity of the promoter, the construct was co - 
transfected into HeLa cells for 44h (fig 10) together with pML005 (expressing wild type E1A) 
and pML005∆225-238 (expressing E1A∆CID). The DEK promoter was activated by both wild 
type and mutant E1A proteins, but it appeared to be more active in response to the wild type in 
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comparison to the mutant E1A. Results show about 3 fold increase in cells transfected with 
pML005∆225-238 and 6 fold increase in cells transfected with pML005.  
In order to establish a correlation between amount of E1A and promoter activity, different 
amounts of the E1A expression plasmids were co-transfected with equal amounts of pDEKLuc 
(fig 11). The DEK mRNA was then analyzed by northern blot. 
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Fig 10. DEK promoter activity. HeLa cells were transfected with 1 µg pDEKLuc and 2µg pML005/pML005 ∆ 225-
238. The table shows fold increase in relative luciferase activity in presence of E1A, normalized against the levels of 
activity in the absence of E1A, which was set to 1. These experiments were performed three times and in duplicates, 
mean values are shown, the standard deviations are shown.  
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Fig 11. Correlation between E1A expression and DEK promoter activation. HeLa cells were co - transfected 
with 0.25, 1, 2 or 5 µg. pML005 or pML005∆225-238, and pDEKLuc. The given values are relative to basal 
expression in absence of E1A. 
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Northern blot 
DEK mRNA was only observed from wt E1A cells and the positive control (fig 12). The size of 
the DEK mRNA theoretically was calculated to be 2931 nucleotides. As size markers, ribosomal 
18s and 28s RNA was used. 
 

 

             

DEK 

      wt      wt     mut    mut                      E1A 
       -        +        -         +      ctrl 

Fig12. Northern blot analysis of DEK. Endogenous DEK mRNA expression of DEK gene was measured in 
U2OS10/31 cells (1 and 2) and U2OS10/1 (3 and 4). The cells were induced with dox in lanes 2 and 4 to obtain E1A 
wild type and mutant expression respectively. RNA from HeLa cells was used as a positive control.  
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Discussion 
To overcome the cytotoxic effect of E1A on the cells and also to overcome E1A expression loss, 
inducible cell lines wt E1A and E1A∆CID were previously created. To control E1A expression, 
avoiding its constant toxicity to the cells, the TetON inducible system was used.  
 
Western blots confirmed the successful induction by dox in both wt E1A and E1A∆CID cells 
compared to the E1A negative U2OS10 cells and uninduced cells. After the induction with dox 
was verified, the system was set to use for further analysis. 
 
Apoptosis 
 
p53 analysis – possible apoptosis after prolonged induction? 
I hypothesized that p53 dependent apoptosis would be induced by the wild type E1A, but not by 
the mutant E1A that lacked CtBP binding capacity. Western blot analysis of apoptotic proteins 
did not show any difference in p53 levels between wt E1A and E1A∆CID cells after 24 hours of 
induction with doxicyclin, but implied some stabilization of p53 in wt E1A cells after 48 hours of 
induction. Stabilizing p53 with MG 132 would be a good way for looking of p53 as a positive 
control since it is otherwise targeted to the proteasomal degradation. Also, as a control, p53-
expressing plasmid was transfected into U2OS10 cells. Further investigation of the p53 target p21 
did not show increased levels, suggesting that p53 may not be active as a transcription factor even 
if it is stabilized (data not shown). It is also possible that more time of induction is needed. Since 
48h was needed for p53 stabilization, possibly even longer time would be needed for induction of 
p21 to elevated levels. More time course studies are needed to confirm if the p53 target genes are 
affected by E1A wild type. There is also a possibility to look at p53 binding sites and to 
determine whether p53 is binding there.    
 
DEK protein levels 
The oncoprotein DEK is a senescence inhibitor, and it is up-regulated in many cancers. Its down-
regulation causes senescence or apoptosis in HPV-positive HeLa cells. According to this model, 
in E1A∆CID cells DEK would be up-regulated due to E1A cell cycle deregulation activities. 
Since wt E1A cells are suggested to undergo apoptosis, DEK would be down-regulated similarly 
to its down-regulation in HPV transformed cells.  
 
DEK may be activated by E1A in nuclear pellets 
Western blot results did not show any dramatic effect of E1A lacking CtBP binding capacity on 
DEK protein levels in the soluble nuclear fraction after sonication. Since DEK is a chromatin 
binding protein, also implicated in DNA repair, it was difficult to extract it using general buffers 
for protein extraction. Sonication was needed to separate the soluble nuclear fraction. The nuclear 
extracts did not show dramatic difference in response to E1A. This could be due to the fact that 
DEK is strictly nuclear and binds DNA directly. However, a large part of DEK was found in the 
insoluble pellets after the extraction of the nuclear soluble proteins, which made it difficult to 
estimate the amount of DEK expressed in wt E1A and E1A∆CID cells. Despite the fact that no 
difference was observed in the soluble nuclear fraction, it remains a possibility that in the pellets 
DEK protein is not equally present.  Even though the result showed an accumulation of DEK in 
the insoluble pellets, the actual increase is difficult to estimate since the concentrations in the 
pellets could not be measured (the SDS loading buffer is not compatible with Bradford method). 
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DEK re -localization in the cytoplasm? 
When cytoplasmic fractions were analyzed slight differences in DEK amounts upon induction 
was observed suggesting DEK re-localization. DEK was expressed to higher levels in wt E1A 
cells upon induction, which may suggest re-localization of DEK to the cytoplasm in response to 
wild type E1A, but not the mutant. It was surprising to find DEK in the cytoplasmic fraction.  
 
A DEK- driven reporter gene is more activated by E1A wild type than by E1A∆CID  
To investigate regulation of DEK transcription and mRNA levels, a construct was made 
expressing luciferase under the DEK promoter, care was taken to include possible E2F binding 
sites. When the construct expressing luciferase under the DEK promoter was co-transfected with 
E1A expressing plasmids, a 2-5 fold activation of the promoter by both E1A wild type and 
E1A∆CID was observed. That would suggest that the promoter is activated by E1A, even though 
the activation was not seen at the mRNA levels (Northern blots) or protein levels (Western blots).  
 
Transfections of pDEKLuc to HeLa cells (fig. 10) and U2OS cells (data not shown) did not show 
dramatic differences. However when pML005 (expressing wt E1A) was co-transfected, the 
luciferase activity was generally higher than when pML005∆225-238 (expressing E1A∆CID) was 
transfected. This suggested that CtBP binding might impair proper binding of E2F to the DEK 
promoter or act as a transcriptional repressor of DEK. These results suggest that DEK expression 
activation by E1A is not strongly influenced by CtBP. However E1A by itself does not have a 
dramatic effect on DEK expression.  It was not possible to detect E1A∆CID cell’s DEK mRNA 
on northern blots, only wt E1Acell’s DEK mRNA suggesting that wt E1A cells have more DEK 
mRNA generally, since no major difference occurred between induced and uninduced samples.  
 
DEK is generally more expressed in U2OS10/31 cells 
DEK protein levels were higher in U2OS10/31 cells that in U2OS10/1 cells, as seen on western 
blots. In concert with that observation DEK mRNA was only detected in U2OS10/31 cells when 
equal amount of RNA was run on a Northern blot. However, Northern blot might not be sensitive 
enough to give a good estimation if the DEK mRNA is expressed in small quantities. An 
alternative for accurate measurement would be doing a RT PCR with DEK specific primers. That 
would suggest that generally DEK mRNA and protein are more expressed in U2OS10/31 cells, 
regardless of E1A, since no difference was seen between the induced and uninduced samples. 
 
Future work 
Studying the p53 target genes, their expression and promoter activity would shed more light on 
the mechanisms of the possible E1A-induced apoptosis. A chromatin immuno-precipitation assay 
on the p53 target promoters would be a good way to look for their activation. Additional time 
course studies are needed to establish the time frame for p53 stabilization by wild type E1A. Even 
though this result suggest p53-dependent apoptosis might be induced by wild type E1A protein, it 
is important to investigate all pathways, through which apoptosis may occur. A recent study 
(Subramanian, 2007) shows the importance of BH3-only protein family members in E1A- 
induced apoptosis. Together with my results, this suggests that E1A could be capable to induce 
apoptosis by both p-53 dependent, and p-53 independent (through activating the BH3-only 
proteins) apoptosis. 
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Northern blot might not be a sensitive enough method to estimate the mRNA expression levels of 
DEK. An RT PCR with DEK specific primer would show if DEK mRNA is elevated in response 
to E1A.  
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Materials and Methods 
 
Cell cultures 
Stable cell lines U2OS10, U2OS10/31 and U2OS10/1 osteosarcoma human cells were maintained 
in DMEM + Glutamax growing medium (Sigma), 1% penicillin/streptomycin, 10% fetal calf 
serum. U2OS10 cells contain the TetON system, but do not express E1A. U2OS10/31 cells 
express wild type E1A and U2OS10/1 cells express mutant E1A lacking the C-terminus amino 
acids 225 - 238. 
HeLa human cervical cancer cell line and 293 human embryonic kidney cells were grown in 
DMEM + Glutamax, 1% penicillin/streptomycin, 10% newborn calf serum. 
 
Plasmids  
Table 1. Plasmids 
Plasmid Properties Reference 
pTREE1A 
 
 
 
 
pTREE1AΔCID 
pDEKLuc 
 
pML005 
 
pML005Δ225-238 
 
pCGp53 
pEGFPDEK 
pTRELuc 

Expresses E1A under the rtTA-
dependent promoter, which has a 
tetracycline responsive element. 
Inducible through addition of 
doxicyclin. 
Expresses E1AΔCID 
Expresses luciferase from Renilla sp. 
under the potential DEK promoter 
Expresses E1A under it’s natural 
promoter 
Expresses E1AΔCID under E1A’s 
natural promoter 
Expresses p53 
Expresses DEK fused to GFP 
Expresses luciferase from the rtTA 
promoter 

Johansson, 2005 
 
 
 
 
Johansson, 2005 
Matherials and Methods 
 
Sollebrant , 1996 
 
Sollebrant, 1996 
 
Punga, 2003 
Soares, 2006 
Clonetech 

   
 
Genomic DNA preparation 
Genomic DNA was isolated using Dneasy Blood and Tissue kit (Qiagen) according to the 
manufacturer’s instructions.  
 
Sodium Dodecyl Sulphate Polyacrylamide gel electrophoresis  
U2OS10 cells were induced with 2 µg/ml doxycyclin, U2OS10/31 cells with 2 µg/ml and 
U2OS10/1 cells with 0.02 µg/ml to achieve equal levels of E1A induction in all experiments. In 
cases when proteasome inhibitor MG 132 was used concentration of 10 µg/ml was used at all 
times.  
All steps of cell lysis and protein extraction were performed on ice. Cells were lysed in RIPA 
buffer (20 mM K3PO4 pH7.5, 100 mM NaCl, 0.1% SDS, 1% TritonX) supplemented with 1 X 
Complete protease inhibitors (Roche). Proteins were lysed for 20 minutes on ice. Protein 
concentrations were measured using the Bradford method (Bio-Rad) and absorbance measured at 
595 nm. Before loading onto the gel proteins were denatured at 100˚C for 3 minutes in SDS 
loading buffer (0.0625M TrisCl pH=6.8, 2.05% SDS, 0.2 M DTT, 0.02% brome phenol blue, 
33% glycerol). Equal amounts of proteins were loaded on 12% SDS PAGE and run in running 
buffer (3% (w/v) Tris base, 14.4% (w/v) glycine, 1% (w/v) SDS).   
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For DEK western blot: Cells were lysed in IsoB/NP40 buffer (10 mM TrisCl pH7.9, 0.15 M 
NaCl, 1.5 mM MgCl2, 1% NP40) with 1 X Complete proteinase inhibitors (Roche), the 
supernatant containing cytoplasmic part was separated after centrifugation for 3 min at 13000 x g. 
The NP40 detergent was used since it is not able to disrupt the nuclear membrane (the nuclear 
membrane is a double membrane and is more difficult to lyse, and also contains different 
proteins). Pellets containing intact nuclei and membrane fractions were lysed in RIPA buffer and 
sonicated for 5 minutes (30 sec intervals) on a sonicator (Diagenode); the soluble nuclear fraction 
was separated. The entire insoluble fraction was lysed in SDS loading buffer. All fractions were 
analyzed on 12% SDS PAGE (40% acrylamide (37.5:1), 1.5 M TrisCl pH=8.8, 10% SDS, 10% 
APS (ammonium persulphate), 1% TEMED (tetramethylethylenediamine). 
 
Western blot 
The proteins were transferred from the gel to a nitrocellulose membrane filter (HyBond). The 
blotting was performed for 2h at 9 Volts. 
Membranes were blocked with 5% milk (milk powder in TBS-Tween) for 30 minutes at room 
temperature (RT). Primary antibodies were diluted 1:5000 in 5% milk in TBS-Tween, and 
secondary antibodies were diluted 1:2000 in 5% milk in TBS-Tween (table 2 reviews all the 
antibodies used). All primary antibodies were incubated with the membrane overnight at 4˚C. 
Secondary antibodies were incubated for 1 hour at RT. Washes were performed in TBS-Tween 
(0.1 M TrisCl pH = 7.5, 0.15 mM NaOH, 0.2% Tween-20).  Membranes were put in the TBS-
Tween on a tilting platform 6 times for 15 minutes before addition of secondary antibody and 3 
times for 15 minutes after incubation with secondary antibody before detection. 
 
Table 2. Antibodies 

Antibody Source  Company  
Anti-E1A, polyclonal 

Anti DEK, monoclonal 
Anti p53, monoclonal 

Anti rabbit IgG 
Anti mouse 

Rabbit 
Mouse  
Rabbit 
Goat 

Swine 

Santa Cruz 
BD Laboratories 

Santa Cruz 
DAKO 
DAKO 

 
All secondary antibodies were coupled to horseradish peroxidise (HRP), and activity was 
measured by exposing the membranes to a light sensitive films. The substrate to HRP (Western 
blot detection kit-GE HealthCare) was added previous to exposure. 
 
RNA extraction and Northern blot 
Cells were harvested, washed and lysed with IsoB/NP40 and RNA was extracted with phenol 
(1:1 (v/v), centrifuged at 12000 x g, repeated 3 times) and thereafter with an equal volume of 
chisam (chloroform: isoamyl alcohol volume ratio 24:1). The RNA was finally precipitated with 
0,6ml isopropanol for 30 minutes at –20°C. After 30 minutes centrifugation at 18000 x g, the 
pellet was washed with 0.5 ml 80% ethanol and air-dried for 5 minutes. RNA concentration was 
measured using spectrophotometer at 595nm. 
Equal amounts of RNA (20 μg) were loaded on a 1% agarose formaldehyde gel (1% agarose, 1 X 
MOPS ([3-(N-morpholino)- propanesulfonic acid]),  2.5 M formaldehyde) and run for 2h at 100V 
in 1X MOPS buffer (0.2 M MOPS pH=7.0). RNA was transferred from the gel to a nylon 
membrane (Hybond) in 20 X SSC (3 M NaCl, 1.5 M Na citrate) overnight by capillary forces. 
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The membrane was baked for 2h in a vacuum oven and pre-hybridized in prehybridizing solution 
(10% (w/v) dextran sulphate, 20% (v/v) 20 X SSC, 30% (v/v) formamide, 1% (v/v) 100 X 
Denharts solution (2% (w/v) BSA, 2% (w/v) polyvinylpyrollidone, 2% (w/v) Ficoll), 0.52% (v/v) 
1 M TrisCl pH=7.5) overnight. After pre-hybridization the membrane was probed overnight.  
To prepare the probe 2 µg pEGFPDEK (see Materials and Methods) was cleaved with 20 units 
from each of the restriction enzymes HincII and BamHI (New England Biolabs) overnight. 
Fragments were separated on 1% agarose gel, and the DEK coding fragment was purified using 
Nucleospin DNA purification kit (AH Diagnostics), 250 ng DNA incubated with 3 mg/ml 
random primer (Invitrogen), 5 mM dNTPs lacking dCTP, 5 µl α-32P dCTP, 10 units Klenow 
polymerase (New England Biolabs) and 1 X Klenow buffer (New England Biolabs) for 3 hours at 
RT. The probe was purified using Illustra TM Microspin TM S300HR columns (GE Healthcare). 
To avoid cross-hybridization, 66.69 µg ssDNA boiled for 5 minutes was added.  The probe was 
denatured with 5 M NaOH (0.25 M in the final solution) for 10 minutes at RT and neutralized 
with 1M HCl (0.25M in the final solution). The probe was added to the hybridization solution and 
allowed to hybridize overnight. 
After probing the membrane was washed 2 times 2XSSC, 1% SDS for 5 minutes, then 2 times 
0.2 X SSC 1%SDS for 5 minutes. All washes were performed at RT.  
 
Luciferase reporter gene analysis 
In all experiments, U2OS10, U2OS10/31 and U2OS 10/1 cells were transfected with 2 μg DNA 
and the medium was changed three hours post transfection. The cells were harvested 48h after 
transfection and lysed in CCLR (cell culture lysis reagent-Promega). The luciferin substrate 
(Promega) was added and luciferase expression was quantified using a luminometer (Labsystem 
luminoskan RT). U2OS10 and HeLa cells were transfected with pML005 and pML005∆225-238 
and harvested 48h post transfection and luciferase activity measured as described above.  
Relative luciferase activity was calculated relatively to the basal level of expression with only the 
reporter transfected.  
 
Transfections 
DNA was transfected to U2OS10 cells prepared in 6 cm tissue culture dishes. Transfections were 
made using calcium phosphate method and plasmids were precipitated using calcium chloride 
and BBS. The DNA was incubated with the plasmids to transfect, 2.5 mM CaCl2 and 2 X BBS 
(50 mM N,N-bis(2-hydroxymetyl)-2-aminoethanesulfonic acid, 280 mM NaCl, 1.5 mM 
Na2HPO4, pH=6.98-7.0 adjusted with NaOH) for 10 minutes. The medium on the cells was 
changed, and the DNA with the CaCl2 and BBS was gently added to them. Cells were put into the 
incubator, and three hours after transfection medium was changed on the cells and they were 
induced with 2 µg/µl doxycyclin. Cultures were left for 48h. For HeLa cells transfections 3 µg 
DNA was used, 2 µg of pML005 or pML005∆225-238 and 1 µg of pDEKLuc. For transfections 
in HeLa cells with different E1A amount, 5 µg DNA was transfected, with amounts of pML005 
or pML005∆225 –238 varying from 0.25-5 µg. Cells were harvested 48h after transfection. For 
p53 transfection in U2OS10 cells, 2 µg pCGp53 was transfected for 44h as described above. 
 
PCR and cloning 
The DEK promoter fragment was amplified from genomic DNA from HeLa cells with primers 
forward (pDEKfw): 5’ CGG CTC GAG CGG CCC GGG ACT GCT CAT CAT CT 3’, and 
reverse (pDEKrev): 5’ GCG CAA GCT TGG CAC GCG AGG GCA CGA GGA GGT TCT 3’. 
Restriction sites corresponding to XhoI and HindIII, were included in the primer sequences. The 
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PCR was performed at 62° C annealing temperature (denaturation at 95°C and extension at 
72°C), for 36 cycles. The template genomic DNA was amplified using 1 unit Pfu Ultra 
Polymerase (New England Biolabs), 0.2 mM dNTPs, 1X Pfu Ultra buffer (New England 
Biolabs), and 100 pmol primers. The PCR product was cleaved with XhoI and Hind III (New 
England Biolabs) for 1h at RT, run on a 1% agarose gel (1% agarose in 1 X TBE (0.1% (w/v) 
TrisCl, 0.55% (w/v) boric acid, 0.002 M EDTA)  and purified using the Nucleospin purification 
kit. pTRELuc was digested with restriction enzymes XhoI and Hind III overnight. The digested 
plasmid was run on a 1% agarose gel and the vector fragment was gel purified. The vector and 
the cut PCR fragment were ligated for 30 minutes at room temperature using 1µl T4 DNA ligase 
(New England Biolabs) in molar ratio 4:1 (insert: fragment) and the product transformed into XL-
Blue E.coli competent cells for 1 hour with gentle agitation. The correct clones were identified by 
restriction cleavage.   

 
 
Fig 13. pDEKLuc. XhoI and Hind III sites of the vector (pTRELuc) were use to insert a DEK promoter amplicon 
from genomic DNA (green). The luciferase open reading frame is shown in red. For bioinformatics analysis, Gene 
Construction Kit program (GenScript Corporation) was used.  
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