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Background and Description of Invention. Gene silencing is a powerful strategy to investigate gene 

function and interrogate the activity of the regulatory genome. It can also be used for therapeutic 

applications in diseases caused by dominant-negative mutations or conditions in which silencing of a host 

gene confers resistance to a pathogen or may compensate for an inherited defect in another gene. 

Furthermore, gene silencing can be used to enhance efficacy of cell therapy and for biotechnological 

applications. 

Until now, two main technologies have been used to stably silence gene expression, namely RNAi with 

short hairpin RNAs (shRNA) and gene disruption with artificial nucleases (ANs). Although these 

technologies are widely used in research and are now entering into the clinical arena, there is an unmet 

need for more effective and safer gene-silencing technologies. 

Epigenetic silencing is a mechanism normally occurring in nature to permanently repress gene 

expression. Among several mechanisms of epigenetic repression, one of the most characterized is the 

silencing of endogenous retroviruses (ERVs), involving two protein of families responsible for the 

permanent locking of the repressive state of ERVs: the Kruppel associated box containing zinc-finger 

proteins (KRAB-ZFPs) and the de novo DNA methyltransferases (DNMTs), wherein KRAB-ZFPs initiates 

the silencing cascade and DNMT3A/3B induces methylation at CpG dinucleotides leading to a 

methylation pattern that is inherited throughout mitosis and somatic cell differentiation. 

 

The present invention relates to engineered transcriptional repressors (ETRs) encompassing a custom-

made DNA binding domain (DBD) fused to the effector domain of key players involved in the ERVs’ 

silencing cascade, including KRAB, the catalytic domain of DNMT3A and DNMT3L (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1: Schematic representations of ETRs 

 

According to the invention: 

• the custom-made DBD can be based on the CRISPR/dCas9 system (Fig.2), the TALE (Fig.3) or the 

ZFP architecture: each of these DBD can be designed to recognize an investigator-selected gene; 

• the ETRs are expressed transiently and are used in combination to induce effective (up to 98%) and 

long-term (up to 1 year) gene silencing. To this regard, the best-performing combination of ETR 

contains the KRAB, DNMT3A and DNMT3L effector domains and is effective in multiple cell types of 

human an mouse origin, including primary T lymphocytes. 

• the ETRs are able to promote permanent gene silencing of endogenous genes, as demonstrated for 

Beta 2 Microglobulin gene (B2M): by targeting the first intron of B2M with the three different dCas9- 

(Fig.2) or TALE-based (Fig.3) ETRs, long-term silencing of B2M was achieved in 80% of cells.  

• the silencing platform is portable to other endogenous genes, as demonstrated for IFNAR1 and 

VEGFA genes, and is amenable to multiplexing (i.e. multiplex gene silencing within the same cell) 

(Fig.4). 
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We seek a potential commercial partner with a strong expertise in gene editing/gene therapy to further 

explore the clinical use of the present gene silencing platform. 

 

For further information on this project please contact: 

B u s i n e s s  C o n t a c t  

Paola Vella 

Head, Office of Biotechnology Transfer 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 4281  

Fax: + 39 02 2643 8138 

E-mail: vella.paola@hsr.it 

S c i e n t i f i c  C o n t a c t  

Dr. Angelo Lombardo 

San Raffaele Telethon Institute for Gene Therapy 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 5680 

Fax: + 39 02 2643 4668 

E-mail: lombardo.angelo@hsr.it 
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Potential Applications and Competitive Advantages. The present gene silencing platform, based on the 

combination of different ETRs, represents an attractive option for both clinical and research applications that 

require permanent repression of specific genes. 

Several advantages can be envisaged: 

• A single transient delivery of the triple ETRs combination allowed achieving target gene repression in a 

substantial fraction of treated cells (up to 80%) 

• The targeted epigenetic silencing of  the present platform is highly specific: the repressive epigenetic 

environment induced by the triple ETR platform is sharply confined to the targeted CpG island, thus 

reducing the risk of off-site repression 

• Silencing induced by the ETRs is resistant to external stimuli 

• It represents an attractive tool to be employed in cell and gene therapy (clinical application) 

• It represents a versatile tool to dissect the relative contribution of proximal and distal enhancers/promoters 

or to investigate the role of cis-acting elements encompassing exonic coding region (basic research 

application) 

Patent information. An international patent application related to the invention was filed (publication number: 

WO2016063264). A scientific article related to the invention has been published on Cell journal  (Amabile A. et 

al.; Inheritable Silencing of Endogenous Genes by Hit-and-Run Targeted Epigenetic Editing. Cell 2016). 

Figure 2. Silencing of the B2M gene 

with dCas9-based ETRs. Top: 

schematic of the B2M gene expressing 

a tdTomato transgene and 

magnification of the B2M 

enhancer/promoter depicting the 

relative order of binding of the dCas9-

based ETRs. Bottom: FACS analyses 

of the indicated cell populations at 30 

days post-ETR transfection. 

Figure 3. Silencing of B2M with 

TALE-based ETRs. Top: B2M 

promoter/enhancer region depicting 

the relative order of binding of the 

indicated TALE-based ETRs. Bottom: 

time-course analysis of HEK-293T 

cells upon transfection with plasmids 

expressing the indicated ETRs.  

Figure 4. Multiplex gene silencing 

with dCAs9-based ETRs. Fold 

change in the expression levels of 

the indicated genes in K-562 cells 

co-transfected or not with plasmids 

expressing the triple dCas9-based 

ETRs and sgRNAs targeting the 

indicated genes. Analyses at 20 

days post-transfection. 


