INTHER PUBLISHABLE EXECUTIVE SUMMARY
Section 1 Project objectives and major achievements

1 Goals of the INTHER Project

O.1. INTHER aims at developing recombinases tailored for gene therapeutic purposes. 

We will use three different recombinase systems: SB, FP and PhiC31. Reporter and therapeutic gene expression constructs will be built specifically for each of the ex vivo model systems (WP1).

O.2. INTHER proposes to improve the performance of the SB and FP

systems in the following ways (WP2):

􀀁Building insulator sequences into the vector to ensure that

the expressed therapeutic gene does not influence the

genes at the integration site;

􀀁The activity of the SB/FP transposases will be enhanced by

in vitro evolution (DNA shuffling of hyperactive versions of

the transposases);

􀀁Coexpressing a limiting host factor of SB transposition from

the therapeutic vector;

􀀁Linear "precut" transposon DNA, without bacterial antibiotic

resistance genes (SB/FP system)

O.3. INTHER proposes to target SB/FP transposon integration into specific

locations in the human genome, in order to improve the safety profile of

transposon vectors for gene therapeutic applications (WP3). Molecular

strategies of targeted transposition employed by naturally occurring transposable

elements will be adapted to the SB/FP systems. Target site specificity of PhiC31

integrase in cells relevant for the INTHER project will also be determined

(WP12).

O.4. INTHER proposes to establish the optimal conditions to deliver the

recombinase system/therapeutic gene combinations for the different cell types.

Since the transposon is a plasmid based non-viral delivery vehicle, in principle,

the best non-viral delivery methods developed for plasmid DNA could be utilized.

To improve the delivery of the non-viral vector into the cells, cell-penetrating

capabilities of the transposon systems will be addressed (WP4). The

Nucleofection technology is proposed to be optimized specifically for each of the

recombinase systems in the context of the relevant cell types targeted in this

project. Partners 2 and 8 will provide already established technologies for

plasmid DNA delivery in the early phase of the project (first 6 months), and

ready-to-use protocols for Partners (3-7) of specific therapeutic models.

Optimization will include the use of different forms of the recombinase source -

plasmid DNA//RNA/protein. Additional work will be conducted to find the best

combination of transposon system/CPPs or recombinase/nucleofection

parameters specifically for each recombinase and for each cell type relevant to

INTHER. The laser technology developed by Partner 4 will be used in

combination with the Biopump approach.

O.5. INTHER proposes to identify disease model system, where the

recombinase technology has a clear advantage over viral approaches and

current non-viral approaches. The therapeutic genes for the different ex vivo

systems built into the transposon/integrase constructs (WP1) will be delivered by

non-viral delivery techniques optimized for each of the systems (WPs 4 and 5).

􀀁Long term therapeutic gene expression in m_esenchymal

stem cells in Menkes disease (WP6);

􀀁Long term therapeutic gene expression in hepatocytes in

Wilson disease (WP6);

􀀁Long term blood secretion of circulating protein by the

Biopump: erythropoietin (EPO) to treat anemia (WP7), and

FIX to treat hemophilia (WP9);

􀀁Long term therapeutic LDL receptor gene expression in

hepatocytes for the therapy of hypercholesterolemia (WP8);

􀀁Long term therapeutic gene expression in myoblasts and

mesenchymal stem cells for gene therapy of hemophilia,

and in hematopoietic stem cells for hereditary

thrombocytopenia (WP9);

􀀁Long term therapeutic gene expression in hematopoetic

stem cells for the therapy of human chronic granulomatous

disease (WP10).

􀀁Long term therapeutic gene expression in encapsulated

cells for the therapy of human neurological disorders

(WP11).

O.6. INTHER will determine which recombinase system holds the greatest

promise for further development, by head-to-head comparisons performed

between the three recombinase systems in WPs 5, 6 and 9. The comparison

will focus on the issues of efficiency, safety regarding specificity of integration

and therapeutic potential. In some WPs, these novel non-viral recombinasebased

gene delivery approaches will be compared to viral gene delivery

approaches (retroviral, lentiviral, adenoviral).

O.7. The interaction between the recombinase systems and the treated cell and

safety issues are particularly addressed in the INTHER effort (WP12). A

database of transposon insertion sites will be established from the different

model systems. Insertion sites will be compared to viral insertion databases in

terms of preferential integration into transcription units and integrity of the target

locus. We will investigate three different aspects of transposon – host cell

interactions: 1) the effect of cellular gene silencing mechanisms on transgene

expression from chromosomally integrated transposons; 2) the effect of the

transposon/transposase complex on host cellular gene expression; and 3)

potential genomic instability due to transposase/integrase expression.

2 Partners in INTHER Project

*CO = Coordinator CR = Contractor

3 Summary of overall project objectives

Considerable effort has been devoted to the development of gene delivery

strategies for the treatment of inherited and aquired disorders in humans. Ex vivo

gene therapies are based on removing cells from a patient, introducing a

therapeutic gene construct into the cells, and implanting the engineered cells

back into the patient. Currently, both viral and non-viral methods are used for

gene delivery. Viral vectors are efficient in gene transfer, but their use raises

serious safety concerns. Non-viral methods are usually safer but less efficient in

providing long-term therapeutic transgene expression. Transposable elements

can be considered as natural, non-viral delivery vehicles capable of efficient

genomic insertion. In this project, novel gene transfer technologies will be

established by developing transposon vectors that mediate efficient and targeted

integration of therapeutic genes into the genome. Therapeutic gene constructs

will be made in transposon vectors, and delivered into cells ex vivo, using cutting

edge non-viral nucleic acid delivery methods. Application of reversible

implantation systems (collagen implants, skin biopumps, and encapsulated cells)

will be explored. Animal disease models will include copper metabolism

diseases, anemia, hypercholesterolemia, bleeding disorders, chronic

grnulomatous disease and neurological disorders. Genomic insertion, transgene

expression and phenotypic correction will be investigated. Safety issues of

transposon vector administration and genomic integration will be addressed. The

involvement of three SMEs will mobilise industrial know-how and technology.

This project will develop, test and apply new therapeutic tools for somatic gene

therapy as an alternative to currently used viral and non-viral technologies, and

will have the potential to offer new solutions for diseases that impose significant

impairment to citizens’ quality of life, as well as burdens on health care services

in Europe
