
“ A m e t h o d  f o r  t h e  e x  v i vo  p r o d u c t i on  o f  f u l l y  

f u n c t i on a l  g e n e - mo di f i e d  h u m a n  T  l ym p h o c yt e s  ”  

Figure 1. IL7/IL-15 are required for the ex vivo production 

of human T lymphocytes modified with viral vectors to 

express the prototypic suicide gene TK after CD3/CD28-

bead activation  

Figure 2. Human T lymphocytes modified with TK 

after CD3/CD28-bead activation are as alloreactive 

as unmodified cells in a fully humanized animal 

model of GvHD based on the grafting of HLA-

mismated human skin onto NOD/scid mice 

29 

Background and Description of Invention. The success of T-cell gene therapy depends on the ability to 

produce high numbers of clinical-grade gene-modified T lymphocytes ex vivo without impairing their 

functionality. In allogeneic hematopoietic cell transplantation (allo-HCT), donor T cells can be modified to 

express a suicide gene, i.e. a gene that encodes for a factor able to transform a non-toxic prodrug into a 

toxic compound, thus enabling their selective elimination. This allows for the exploitation of donor T-cell 

alloreactivity for a therapeutic graft-versus-leukemia (GvL) effect, while providing a safety switch of graft-

versus-host disease (GvHD). 

In the setting of suicide gene therapy applied to allo-HCT, the preservation of gene-modified T-cell 

functionality coincides with the preservation of their alloreactivity. To date, this is an unmet need in 

biomedicine, since current clinical protocols for the production of gene-modified T cells with viral vectors 

reduces their alloreactivity. 

 

Scientists at San Raffaele Scientific Institute have identified two essential requisites for the ex vivo 

production of fully alloreactive gene-modified human T lymphocytes: 

i) the activation with anti-CD3 and anti-CD28 monoclonal antibodies coupled to cell-sized paramagnetic 

beads (CD3/CD28-beads) prior to genetic modification with viral vectors (reported in Bondanza et al, 

Suicide gene therapy of graft-versus-host disease induced by central memory human T lymphocytes. 

Blood 2006) 

ii) the culture of gene-modified T cells with a combination  of IL-7 and IL-15 (reported in Kaneko et al, IL-7 

and IL-15 allow the generation of suicide gene-modified alloreactive self-renewing central memory human 

T lymphocytes. Blood 2009 and Cieri et al., IL-7 and IL-15 instruct the generation of human memory stem T 

cells from naive precursors. Blood 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, the use  of  the T central memory (TCM) and memory stem T cells (TSCM) phenotype has been 

identiified as a promising candidate biomarker for the detection of fully alloreactive gene-modified human T 

cells (Oliveira et al. Sci Transl Med. 2015)   

 

 

Patent information. The international patent application was published as WO2007017915. 

Patent granted in Europe (EP1956080), US (US8999715) and divisional patent application pending in US. 



Stage of Development. Scientists have established a protocol for the ex vivo production gene-modified 

human T lymphocytes (Figure 1) and demonstrated the full preservation of their alloreactivity in a fully 

humanized mouse model of GvHD (Figure 2). Currently, the functionality of gene-modified T cells 

produced with this protocol is under test in the setting of the adoptive T-cell gene therapy of leukemia and 

other tumors using TCR and/ or chimeric antigen receptors specific for tumor- associated antigens. 

We seek a commercial partner with a strong expertise in cancer adoptive immunotherapy 

strategies to further explore advantages of the present method in clinical applications. 

For further information on this project please contact: 

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

Prof. Maria Chiara Bonini / Dr. Attilio Bondanza 

Principal Investigators 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 4790  

Fax: +39 02 2643 4786 

E-mail:bonini.chiara@hsr.it; bondanza.attilio@hsr.it 
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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 

Potential Applications and Competitive Advantages. The present invention has both diagnostic and 

therapeutic implications. On the one hand, it will aid the identification of rare populations of clinically 

relevant pathogen/tumor-specific T cells, and on the other hand it will also ameliorate current adoptive 

immunotherapeutic strategies.  It is expected that the defined in vitro culture will be applicable for the 

study of several infectious and immune-mediated diseases.  

The advantage of the proposed strategy over the existing protocols lies on:  

• The possibility to enrich biological samples for antigen-specific memory T cells in the absence of TCR 

engagement (i.e. Ag-stimulation).  

• The possibility to reveal rare antigen-specific T cells otherwise undetectable ex vivo by conventional 

techniques 

• The possibility to expand effector, central and intermediate memory T lymphocytes. No protocols are 

currently available to maintain central memory lymphocytes in vitro.  


