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Presentation Notes
I’m going to present you a method of non-invasive fluorescence imaging, which is a quite animal friendly method, and how it can be used in gene therapy experiments on an example of a promoter activity study that we did a couple of year ago.
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Department of experimental oncology 
 

• Translational research 

• Animal models 

• Gene therapy studies 

• Gene electrotransfer 
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The study was done at the department of experimental oncology where we do translational research, meaning we develop and test new treatment approaches in preclinical animal models with the aim to introduce them into the clinical practice. One of the therapeutic approaches that we are using is gene therapy; more specifically we specialized in gene electortransfer. 



Gene electrotransfer (GET) 

Electric 
 pulse 

Cell Plasmid  DNA 
enters the cell 

Expression 

Plasmid = small, circular, double stranded, extra-chromosomal DNA  
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Gene electrotranfer is a non-viral gene therapy aproach for transfection of cells and tissues. Its based on electroporation, which is physical method where we use electric pulses to increase the permeability of cell membrane so that large molecules like DNA can enter the cells. The most commonly used vector for transferring genes using GET is plasmid DNA. Plasmid is a small circular double stranded extra-chromosomal DNA. It carries the transgene with the promoter upstream to drive its expression and transcription termination signal downstream. It also has a bacterial backbone with origin of replication and selection marker, usually an antibiotic resistance gene. 



Cytomegalovirus (CMV) promoter  
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CMV promoter is the most commonly used promoter in gene expression vectors 
used for research or clinical purposes. 
• IN THEORY: strong, constitutive, unregulated, pan-specific promoter. 

• IN PRACTICE: its transcriptional activity  

• is strongly dependent on the host-cell transcriptional environment, 

• can be changed under specific conditions like: 

           methylation  and  stress. 

 

Optimal promoter should provide sustained and well-defined expression levels of the transgene. 

M M 
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The most commonly used promoter to drive the expression of transgenes in plasmid vectors is citomegaloviral promoter. As a constitutive promoter it should provide strong, constitutive, unregulated expression, independently of the host cell type. But in practice we noticed that this is not entirely true, and it turned out that we are not alone. There are quite a few reports demonstrating that it does not support sustained expression and that its transcriptional activity can be changed under specific conditions. Since it is of viral origin it is susceptible to methylation that silences the expression.  On the other hand, it can be induced under the stress conditions like irradiation or treatment with the chemotherapeutics, causing the up regulation of the expression.



Non-invasive fluorescence imaging 

Conduction of non-invasive and longitudinal studies of dynamic 
biological processes. 
 

fluorescence intensity ∝ reporter gene expression ∝ promoter activity  

• Gene therapy experiments:  
• Visualization of transgene 

expression. 
• Visualization of 

promoter activity. 
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To solve this problem once and for all we turned to non-invasive fluorescence imaging. In vivo imaging techniques in general (MRI, PET), are great for to conduction of longitudinal, over time, studies of dynamic biological processes. Among these imaging techniques the non-invasive fluorescence imaging presents a cheaper alternative that can be used in gene therapy experiment for visualization of transgene expression, if we use a transgenes that encode a florescent product. In our case it was used to visualize the promoter activity, assuming that fluorescence intensity is proportional to reporter gene expression, that is proportional to the promoter activity driving its expression. 



To evaluate the role of methylation and upregulation of the CMV 
promoter by stress  in vivo using non-invasive fluorescence 
imaging. 

 
Long-term follow-up of reporter gene fluorescence in the 
animals and consequently, the activity of promoters that 
control reporter gene expression. 
 

 

Aim 

fluorescence intensity ∝ reporter gene expression ∝ promoter activity  
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Therefore, the aim of our study was to evaluate the role of methylation and up regulation of the CMV promoter by stress in vivo using non-invasive fluorescence imaging, which enabled us long-term follow-up of reporter gene fluorescence in the animals and consequently, the activity of promoters that control reporter gene expression.
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To conduct the experiement. First we set up the experimental models: the model of stably transfected tumors and the model of transiently transfected muscles. Commercially available plasmid encoding the reporter gene for GFP under the control of CMV promoter was used. To prepare the model of stably transfected tumors, stably transfected cell line had to be prepared first: the mouse mammary adenocarcinoma cells TSA were transfected with the plasmid and cells stably expressing GFP were selected using the selection marker also encoded on the plasmid.  After approximately 2 months we got stable cell line, which we confirmed by flow cytometry. These cells were then used for the induction of subcutaneous tumors in the singenic Balb/c mice. Tumor cells were propagated in the cell culture and injected dorsolaterally and after approximately a week we got mice carrying tumors with the stably transfected cells fluorescing through the skin. The preparation of the model with the transiently transfected muscles was much simpler and, above all, much faster. We used the same plasmid and transfected the tibialis muscle on the both rear legs of the mice using in vitro electroporation. And after two days we got mice with transiently transfected muscle fibers fluorescing through the leg skin. 



Methods 

noninvasive fluorescence imaging  

Fluorescence stereomicroscope Fluorescent image of the tumor and muscle 

Radiotherapy 
Irradiation  

Chemotherapy 
Cisplatin 

Demethylation 
5-aza-2dC  
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So these models were used to test the effect of irradiation, cisplatin and demethylation agent on the activity of the CMV promoter. Mice were irradiated in special lead holders so only tumors or muscles were exposed to the x rays. Cisplatin was injected intravenously and demethylation agent intraperitoneally. After the treatments, fluorescence of the tumors and muscles was followed using a fluorescence stereo microscope. At each observation under the microscope we took digital images of the florescence. During the capture animals were anesthetized with isoflurane and tumors or legs were placed in a special holder to minimize the movement of animals caused by breathing and to ensure the same positioning at each observation. 



Fluorescence quantification using Image J software 

Blue = background 
fluorescence 
Green = necrotic 
areas of the tumor  

Methods 
day 0             day 1                day 2          day 3              day 4             day 5             day 6             day 7              day 8   

day 0           day 2                    day 5                      day 8                   day 12 

= mean fluorescence intensity 

= transfection area 
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Digital images of fluorescence were recorded every day posttreatment for 8 days for tumors and every 2–3 days for 12 days in the case of the muscle model. Later these images were analysed and quantified using the ImageJ software. Images of the same tumor or muscle taken at different time points were stacked together, and the fluorescence intensity was determined by adjusting the threshold values for each stack. Lower threshold (blue) value was used to separate the fluorescence of tumors or muscles from the background fluorescence and the upper threshold level (green) was used to get rid of the necrotic areas of the tumor.



Time (days)

0 1 2 3 4 5 6 7 8

No
rm

ali
ze

d f
luo

re
sc

en
ce

 (a
.u.

)

0.6

0.8

1.0

1.2

1.4

5-aza-2dC
CDDP
IR 
Control

* *
*

*
*

Control

5-aza-2dC
CDDP
IR

Time (days)

0 2 4 6 8 10 12

No
rm

ali
ze

d 
flu

or
es

ce
nc

e 
int

en
sit

y (
a.

u.
)

0.4

0.6

0.8

1.0

1.2

1.4

Days:     0       1      2       3        4      5         6       7      8 Days:     0           2            5             8           12 

Control 

CDDP 

IR 

Control 

aza 

CDDP 

IR 

Results 

Exposure of tumors  and leg muscles to irradiation , cisplatin or 5-aza-2dC resulted in upregulation 
of the GFP expression. U. Kamensek et al, Mol Imaging Biol, 2011 

* * 
* 

aza 

Transiently transfected muscles Stably transfected tumors 
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Treatment with all three agents resulted in up regulation of GFP expression in both models. Up regulation was the most pronounced after the treatment with CDDP.



Conclusions 
CMV promoter can be altered by different treatments. 

• Observed alterations in the activity of the CMV promoter limit the 
usefulness of this widely used promoter as a constitutive promoter. 
• Proper choice of promoter linked to the gene of interest is critical for the 

success of gene therapy. 
 
Non-invasive fluorescence imaging is an appropriate and convenient 
method to monitor the activity of the promoter in vivo.  

• Compliance with the 3Rs principle: 
• Reduction of the number of animals needed to conduct the experiment: 

• no need to sacrifice the subject at each time point to obtain the measurements,  

• every subject can serve as its own control – standardisation. 

• Replacement: invasive method with non-invasive  
• Refinement: non-invasive method 
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Taken together, these results demonstrate that the activity of the CMV promoter can indeed be altered by different treatments. We believe that the observed alterations in the activity of the CMV promoter limit the usefulness of this otherwise widely used promoter as a constitutive promoter and highlight the importance of proper choice of promoter for success of gene therapy. Furthermore, we demonstrated that non-invasive fluorescence imaging is an appropriate and convenient method to monitor the activity of the promoter in vivo which also promotes the 3Rs principle. Namely in vivo imaging allows reduction of the number of animals needed to conduct the experiment without losing information since there is no need to sacrifice the animal each measurement. Additionally, the number of animals can be further reduced because every subject can serve as its own control, which is also a big plus in a system where inter-individual variations are known to pamper the results.
So this covers the 1. R - reduction.
Other two R are also sort of covered.
Replacement: invasive with non-invasive
Refinement: non-invasive

Thank my colleges for their help and than you for your attention



Thanks! 
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