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Characteristics and Properties of
RetroNectinTM

RetroNectinTM (CH-296) is a chimeric peptide
of recombinant human fibronectin fragments.

Takara’s proprietary expression system constructed
in E. coli efficiently generates fragment variations
as shown in Fig. 1: Fibronectins (FNs) are multi-
functional cell adhesive glycoproteins present in

Fig. 1. Structure of FN and Fragments including RetroNectinTM

Kimizuka F, et al. Production and Characterization of Functional Domains of Human Fibronectin
Expressed in Escherichia coli. J. Biochem. 110, 284-291 (1991)
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Fig. 2. Hypothetical Mechanism of Transduction Enhancement by RetroNectinTM

(Recombinant Human Fibronectin Fragment CH-296)

Hanenberg H, et al. Colocalization of Retrovirus and Target Cells on Specific Fibronectin Fragments
Increases Genetic Transduction of Mammalian Cells. Nature Medicine 2(8), 876-882 (1996)
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When coated on the surface of any containers
such as culture dishes, well plates, flasks

or bags, RetroNectinTM significantly enhances
retrovirus-mediated gene transfer into mammalian
cells. This enhancement is hypothetically attrib-
uted to the colocalization of retroviral particles
and target cells on the molecules of RetroNectinTM

(Fig. 2). Virus particles bind to this molecule

extracellular matrix and plasma. RetroNectinTM is
comprised of 574 amino acids (63 kDa) and has
three functional domains; central cell-binding do-
main (type III repeat, 8, 9, 10), heparin-binding
domain II (type III repeat, 12, 13, 14), and CS-1
site within the alternatively spliced IIICS region.

through the interaction with the heparin-binding
domain II.  Target cells can be localized on
RetroNectinTM mainly through the interaction of
the fibronectin CS-1 site with very late antigen 4
(VLA-4) and/or through the RGDS sequence in
repeat 10 of fibronectin Cell-binding domain with
very late antigen 5 (VLA-5).
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Meeting Challenges Toward the Gene Therapy Reality
in the 21st Century

TAKARA BIO INC. has contributed greatly to
the progress in gene transfer and related fields

including hematopoietic cell gene therapy by sup-
plying a recombinant human fibronectin fragment
CH-296, or RetroNectinTM for over half a decade.
RetroNectinTM is a key component in successful
clinical protocols for retroviral-mediated cell trans-
duction in terms of safety and efficiency.

Notes:
*1 FN CH-296 for Clinical Trial Use is produced at GMP facili-
ties in compliance with related regulations, while commer-
cially available RetroNectinTM for Research Use Only is
manufactured at completely separate facilities.

*2 RetroNectinTM related patents TAKARA BIO holds:
Patents Issued: US Patents No. 5198423, No. 5686278 &
No. 6033907 and European Patent No. 399806

Patents Pending: US Patent Applications No. 09/043,981
& No. 09/394,867 and European Patent Applications
No. 95914912.1 & No. 96933209.7

The year 2000 was a watershed in the gene
therapy field. In addition to the successful out-

comes of the human X-SCID gene therapy in
France, there have been conspicuous achievements
in clinical trials in several other countries. The lat-
est trials that have been treating congenital diseases
were presented at the 5th Annual Meeting of the
American Society of Gene Therapy (ASGT) as in-
terim reports of ongoing trials.

Aiuti A, Slavin S, Aker M, et al. Correction of ADA-SCID
by  S t em  C e l l  G e n e  T h e r a p y  Comb i n e d  w i t h
Nonmyeloablative Conditioning. Science 296, 2410-
2413 (2002)

Hacein-Bey-Abina S, Le Deist F, Carlier F, et al. Sus-
tained Correction of X-linked Severe Combined Immu-
nodeficiency by Ex Vivo Gene Therapy. N Engl J Med
346(16), 1185-1193 (2002)

Cavazzana-Calvo M, Hacein-Bey S, Basile GS, et al.
Gene Therapy of Human Severe Combined Immunode-
ficiency (SCID)-X1 Disease. Science 288, 669-672
(2000)

Abonour R, Williams DA, Einhorn L, et al. Efficient
Retrovirus-Mediated Transfer of the Multidrug Resistance
1 Gene into Autologous Human Long-Term Repopulat-
ing Hematopoietic Stem Cells. Nature Medicine 6(6),
652-658(2000)

Malech HL. Use of Serum-Free Medium with Fibronectin
Fragment Enhanced Transduction in a System of Gas
Permeable Plastic Containers to Achieve High Levels
of Retrovirus Transduction at Clinical Scale. Stem Cells
18, 155-156 (2000)

Smaglik P. For Stem Cell Transduction, The Solution Is
in the Bag. The Scientists 13(15), July 19 (1999)
Bauer G, Selander D, Engel B, et al. Gene Therapy for
Pediatric AIDS. Annals New York Academy of Science
918, 318-329 (2000)

Schmidt M, Hacein-Bey S, LeDeist F, et al. Detection of
Pluripotent Hematopoietic Cells in SCID-X1 Gene
Therapy. Mol Ther 5(5), Abstract 68, p. S25 (2002)
Parsley K, Gilmour K, Brouns G, et al. Successful Treat-
ment of Human X-SCID Using a GALV-Pseudotyped
Retroviral Vector. Mol Ther 5(5), Abstract 70, p. S26
(2002)

Candotti F, Podsakoff GM, Schurman SH, et al. Evalua-
tion of Adenosine Deaminase (ADA) Gene Transfer by
Retroviral Vectors for the Treatment of SCID. Mol Ther
5(5), Abstract 888, p. S289 (2002)

Aiuti A, Slavin S, Aker M, et al. Correction of ADA-SCID
by Stem Cell Gene Therapy Combined with a Non-
Myeloablative Conditioning. Mol Ther 5(5), Abstract 931,
p. S304 (2002)

There have been several comprehensive review
articles published that summarize the past

progress and recent advances in strategies for effi-
cient and optimized gene transfer into hematopoi-
etic cells. Several also foresee a wide range of ap-
plications to be realized as the choice of therapy in
the 21st century. However, there will be many prob-
lems to be addressed and overcome.
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Improved transduction protocols and successful translation of preclinical methods, which have been de-
veloped and evaluated in vivo with animals from mice to canines to non-human primates, have enhanced
human trial outcomes. Improvement in therapeutic strategies for gene transfer into hematopoietic cells
continues to develop in order to modulate immune responses, to protect hematopoietic cells against cyto-
toxic drugs or viral genes, and to restore congenital or acquired gene deficiencies.

Cell transplantation following cancer treatment such
as chemotherapy has been expanded to utilize gene

therapy in order to introduce drug-resistance genes for
protecting hematopoietic cells and the HSV-tk suicide
gene for controlling GVHD in allogeneic transplanta-
tion that are widely practiced for the treatment of ma-
lignant diseases. A further use envisioned is immuno-
gene therapy to increase the immunogenicity of tumor
cells or cytotoxicity of specific cells to kill tumors. A
variety of adoptive cellular immunotherapy strategies
using ex vivo gene transfer have aimed at boosting the
immune system; these ex vivo strategies include gene
delivery into cellular components of the immune sys-
tem, such as cytotoxic T cells, NK cells, macrophages
and dendric cells.
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RetroNectinTM-assisted Gene Transfer Protocols
that also improve biological safety and standard-

ization have considerable potential in impacting on the
use of gene therapy for a variety of diseases.
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A report by French physician-scientists suggests a
successful application of gene transfer methods in
the treatment of two children with severe combined
immunodeficiency (SCID) due to defective
interleukin 2 receptor common gamma chain. The
protocol used in this clinical trial was derived from
a number of preclinical and basic studies leading to
improved transduction of Hematopoietic stem and
primitive progenitor cells using retrovirus vectors.
These improvements have also been shown to im-
pact transduction of a long-lived progenitor cell in
a chemotherapy protocol in cancer patients. The im-
proved results of these human trials come during a

period of increased scrutiny and criticism of human
gene therapy trials, due, in part, to significant tox-
icities in some trials using adenovirus-based vec-
tors. The potential efficacy versus toxicity of phase
I trials of human gene therapy is also under ques-
tion. After many years of research, however, there
appears to be real evidence that genetic diseases may
be successfully treated by gene transfer techniques.
Future clinical studies should be based on contin-
ued progress in the understanding of the toxicol-
ogy of gene delivery systems, vector technology,
and target cell manipulation.

[Williams DA et al., review 2000]
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Gene transfer into haematopoietic stem cells has
become an important strategy to tackle a number
of inherited disorders of blood cell and immune sys-
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treatment makes these primitive haematopoietic
cells permissive for integration of onco-retroviral
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research to make clinical applications possible in
selected settings.
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