
…the lecture of November 12th is about to begin…



1- DNA microinjection 
- random insertion

2- embryonic stem cell-mediated gene transfer
- random insertion
- homologous recombination (double selection)
- Rosa26 locus 
- genomic analysis to identify genetically modified animals

- knock-out animals
- knock-in animals
- conditional knock-out (cre-lox technique, inducible systems)
- siRNA
- CRISPR-CAS9

Transgenic Animals







INDUCIBLE SYSTEMS TO REGULATE CRE RECOMBINASE ACTIVITY

• Tamoxifen

Inducible systems to regulate CRE recombinase expression
or expression of a gene of interest 

• Tet-OFF
• Tet-ON

• Virus mediated expression 



Tet-OFF (tetracycline switch-off transcription)

tetracycline Transactivator factor (tTA) is a hybrid transcription factor resulting from the fusion of the 
prokaryotic Tet Repressor, TetR, with an eukaryotic transcriptional transactivation domain.
TetR confers sequence specific DNA binding and sensitivity to tetracyclines.
Binding of the antibiotic (tetracycline or doxycycline) dramatically lowers the affinity of tTA to its binding 
sites, TRE. (Doxycycline has excellent tissue penetration and low toxicity in eukaryotes).
The Tet-OFF system can be used to obtain inducible repression of a specific gene. 
A construct for tTA expression must be prepared and inserted into the mouse.

Promoter 1

Promoter 2 Promoter 2

TRE=tetracycline responsive element



Tet-ON (tetracycline switch-on transcription)

rtTA (reversal tetracycline Transactivator factor) differs from tTA by a few point mutations within TetR
which result in a complete reversal of tetracycline responsiveness of this transcription factor. 
Binding of the antibiotic (tetracycline or doxycycline) dramatically increases the affinity of rtTA to its 
binding sites, TRE.
The Tet-ON system can be used to obtain inducible expression of CRE or inducible expression of a specific 
gene. 
A construct for rtTA expression must be prepared and inserted into the mouse.

Promoter 2 Promoter 2

Promoter 1

/CRE /CRE



(A) In the absence of tamoxifen, expressed fusion protein, CreER, interacts with heat shock protein 90 
(HSP90) and exists in cytoplasm (1). 
Administration of Tam disrupts the interaction of HSP90 with CreER (2). Interaction of ER with Tam 
induces nuclear translocation of Cre (3). In the nucleus, the CreER recognizes the loxP sites (4) and 
inactivates the gene Y in tissue X (5). 

Tamoxifen (Tam)-inducible System of estrogen receptor fused to Cre (CreER). 



(B) In Tet-on system, ubiquitous or tissue-specific promoter driven rtTA is expressed. In the absence of 
Dox, inactivated rtTA is unable to bind tetO7 (7 repeats of a 19 nucleotide tetO minimal promoter, also 
referred to as TRE) sequence of cre gene. Cre is not expressed. Following Dox administration, Dox 
interacts with the rtTA and allows to activate. Activated rtTA binds to tetO7 promoter of cre and induces 
the Cre expression.

Doxycycline (Dox)-induced Tetracyclin (Tet)-on system.



(C) In Tet-off system, in the absence of Dox, activated tTA is able to bind tetO7 (TRE) sequence of Cre
and induces the Cre expression.
Upon Dox administration, tTA interacted with Dox is inactivated. Inactivated rTA is not able to bind to 
tetO7 promoter and therefore Cre expression is inhibited.

Doxycycline (Dox)-induced Tetracyclin (Tet)-off system.



INDUCIBLE SYSTEMS TO REGULATE CRE RECOMBINASE ACTIVITY

• Tamoxifen

Inducible systems to regulate CRE recombinase expression
or expression of a gene of interest 

• Tet-OFF
• Tet-ON

• Virus mediated expression 



The development of animal models of lung cancer is critical to our understanding and treatment of the human 
disease. Conditional mouse models provide new opportunities for testing novel chemo preventatives, therapeutics 
and screening methods that are not possible with cultured cell lines or xenograft models. This protocol describes 
how to initiate tumors in two conditional genetic models of human non-small cell lung cancer (NSCLC) using the 
activation of oncogenic K-ras alone or in combination with the loss of function of p53. We discuss methods for 
sporadic expression of Cre in the lungs through engineered adenovirus or lentivirus, and provide a detailed 
protocol for the administration of the virus by intranasal inhalation or intratracheal intubation. The protocol 
requires 1–5 min per mouse with an additional 30–45 min to set-up and allow for the recovery of mice from 
anesthesia. Mice may be analyzed for tumor formation and progression starting 2–3 weeks after infection.



Tissue specific expression and inducible systems 
can also be used to obtain inducible  tissue specific death 



Tissue specific expression and inducible systems 
can also be used to obtain inducible tissue specific death 

Example:

Nestin is an intermediate filament protein 
specifically expressed by neural stem/progenitor 
cells in the developing nervous system and the 
adult brain. 

How can you obtain nestin expression specific 
inducible cell death?





Administration of Ganciclovir (GCV) to mice carrying the transgene Nestin-TK results in death 
of dividing cells expressing herpes simplex virus thymidine kinase (HSV-TK). 

HSV-TK produces toxic metabolites that disrupt DNA synthesis and results in the death of 
dividing cells.

THYMIDINE KINASE





In the Nestin-CreER/ NSE-DTA mouse 

- Nestin-CreER drives the expression of a tamoxifen (Tam)-inducible form of Cre in NSCs 
- Cre-inducible diphtheria toxin fragment A (DTA) is engineered into the locus of the neuron-
specific enolase (NSE) gene. 
- activated CreER leads to the recombination of loxP sites and removal of the STOP cassette 
upstream of the DTA gene, thus allowing the expression of DTA from the NSE promoter. 

TAMOXIFEN –CRE/ER RECOMBINASE  DRIVEN EXPRESSION OF DTA





In the Nestin-rtTA/TRE-Bax mice, doxycycline (Dox) activates the rtTA protein, which binds to 
seven TetO sequences (TRE) to drive the expression of the pro-apoptotic protein Bax, which 
activates the apoptosis pathway in NSCs. Alternatively, also DTA could be used.

DOXYCICLINE INDUCED EXPRESSION OF BAX



TRANSGENIC ANIMALS

- Two methods to produce transgenic animals:

1- DNA microinjection 
- random insertion

2- embryonic stem cell-mediated gene transfer
- random insertion
- homologous recombination (double selection)
- Rosa26 locus 
- genomic analysis to identify genetically modified animals

- knock-out animals
- knock-in animals
- conditional knock-out (cre-lox technique, inducible systems)

- siRNA
- CRISPR-CAS9



https://www.nobelprize.org/nobel_prizes/medicine/laureates/2006/press.html

https://www.nobelprize.org/nobel_prizes/medicine/laureates/2006/press.html


https://www.youtube.com/watch?v=cK-OGB1_ELE

https://www.youtube.com/watch?v=cK-OGB1_ELE






O
n

ly
 f

o
r 

te
a

ch
in

g
 p

u
rp

o
se

s 
-

n
o

t 
fo

r 
re

p
ro

d
u

ct
io

n
 o

r 
sa

le

RNA interference

RNA-Induced Silencing Complex (RISC)



Expression of siRNAs inside the cells, 
which strategies can be used?





A short hairpin RNA or small hairpin RNA (shRNA) is an artificial  RNA molecule with a hairpin 
turn that can be used to silence target gene expression via RNA interference (RNAi). 
Expression of shRNA in cells is typically obtained by delivery of plasmids or through viral or 
bacterial vectors. shRNA is a good mediator of RNAi in that it has a relatively low rate of 
degradation and turnover.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjRw5Xz5MHeAhWkxoUKHTx8DoAQjRx6BAgBEAU&url=https://www.dreamstime.com/stock-photo-hairpin-small-black-metal-white-image47625235&psig=AOvVaw3ORuY7r-xSiYPKa5cAb0iA&ust=1541663116920297


















microRNA (miRNA) 

• small non-coding RNA molecule
• found in plants, animals and some viruses
• RNA silencing and post-transcriptional regulation of gene expression
• majority of miRNAs are located within the cell, some miRNAs are circulating in extracellular 
environment, including various biological fluids and cell culture media
• miRNAs function via base-pairing with complementary sequences within mRNA molecules
• mRNA molecules are silenced, by one or more of the following processes:

- cleavage of the mRNA strand into two pieces,
- destabilization of the mRNA through shortening of its poly(A) tail
- less efficient translation of the mRNA into proteins by ribosomes.

• the human genome may encode over 1000 miRNAs which are abundant in many mammalian cell types 
and appear to target about 60% of the genes of humans and other mammals.

• one miRNA targets many genes, each gene is target of many miRNA







• siRNA could switch off the target gene, but also affect expression of unspecific targets 

• which are the possible controls in RNA interference experiments to verify that the 
phenotype observed depends on the absence of the gene which is the siRNA target?

siRNA



siRNA
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siRNA
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