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Summary: In the near future, not only ``systemic pharmacokinetics'' but also ``intracellular pharmacokinetics'' seems to be important in Drug Delivery System (DDS) research for gene therapy. Beyond the
basic philosophy of DDS of ``delivering the optimal amounts of drugs to a target site'', it is now necessary
to ``express the gene (as a drug) e‹ciently in a target cell for a required period'' in gene therapy. To
achieve these objectives, vectors for introducing the gene into the target cell are being improved, and
techniques to e‹ciently express the transgene and to regulate the transgene expression are being developed. DDS is expected to play a large part in achieving this goal. Here, we review a novel DDS technology to satisfy these criteria.
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the optimal concentrations in cytoplasm in gene
therapy.
On the other hand, stringent control of gene expression in gene therapy strategies is important for both
therapeutic and safety reasons. However, in most gene
therapy, a transgene is under the control of a promoter
that allows constitutive expression. Due to recent advances in gene transfer vectors, a gene can be delivered
directly into tissue cells in vivo. One cancer gene therapy
approach involves direct injection of cytokine genes into
the tumor cells. The rationale behind this strategy is that
high intratumoral cytokine levels can be maintained to
eŠectively and optimally activate the antitumor immune
response without the toxicity frequently associated with
systemic cytokine administration.4–7) As the control of
kinetics of gene products is virtually nonexistent,
production of proteins that cause strong adverse reactions, such as cytokines, by gene therapy may lead to
severe adverse reactions due to the excessive expression
of a therapeutic gene.8,9) To date, the main focus of
research on gene transfer vectors has been to establish a
high gene expression system. In order to develop safe
and eŠective gene therapy, a system must be developed
in which the in vivo production of a protein (or the
expression of a transfected gene) can be regulated.
The aim of DDS research in gene therapy is to deliver
optimal amounts of a drug (plasmid DNA, siRNA, or
antisense nucleic acid, etc.) to the cytoplasm or nuclei in

Introduction
Drug Delivery System (DDS) techniques are under
active investigation to optimize therapeutic eŠects by
controlling the systemic pharmacokinetics. In fact,
many DDS pharmaceuticals using macromolecules,
liposomes, and microcapsules, etc. have been developed. In this respect, DDS technology allowing control
over the kinetics of drugs in the body is considered as an
important basis for support of pharmacotherapy and
basic research.
Today, a great deal of attention is being paid to nextgeneration therapies utilizing biological macromolecules
such as plasmid DNA, siRNA or antisense nucleotides,
and there is a need for new DDS techniques that
maximize therapeutic eŠects by taking into account the
mechanisms of action of these next-generation drugs.
The action of these next generation drugs doesn't
appear, as long as it isn't introduced into the cell. For
example, siRNA and antisense oligonucleotides need to
reach cytoplasmic mRNA, while plasmid DNA needs to
be delivered into the nucleus. However, since these
drugs are biological macromolecules, they cannot easily
pass through cells and nuclear membranes.1–3) Furthermore, these drugs are not stable, so the action dosen't
continue. Therefore, it is essential to develop new
technologies to introduce these drugs into the cytoplasm
and to deliver the target organella (nucleus), or to keep
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Fig. 1. Gene delivery by cationic liposomes and fusogenic liposomes.
Cationic liposomes do not directly fuse with the cell membrane. Cationic liposomes and plasmid DNAs complex are taken into the cells by endocytosis. Therefore, most plasmid DNAs are degraded in endosome, resulting in loss of their e‹ciency. On the other hand, fusogenic liposomes,
which are prepared by fusing conventional liposomes with the Sendai virus, bind to the cell surface and fuse with cell membrane, and then directly
deliver encapsulated plasmid DNAs into the cytoplasm.

a target cell, and regulate the function of these drugs. In
this article, we describe some of the research we are
undertaking to achieve this goal, and describe the DDS
technology for gene therapy. As an example of the
potential utility of this technology, we highlight a novel
hybrid vector, fusogenic liposome, to introduce the
macromolecules into the cells, a novel cytoplasmic
expression system in order to obtain the high gene
expression e‹ciency, and tetracycline-regulatable gene
expression system to regulate the transgene.
Direct introduction of macromolecules into cells
Many viral and nonviral vectors for gene transfer
have been developed, and they have both advantages
and disadvantages. Viral systems using such as retrovirus, adenovirus, and adeno-associated virus have a high
gene transfer and gene expression e‹ciency and some of
them can be used for gene transfer into tissue cells
in vivo. However, the structure and stability of transferred genes are restricted by the character of the virus
genome. Furthermore, viral vectors can introduce only
genes, not other macromolecules such as siRNA or

antisense nucleotides. In contrast, nonviral vectors such
as cationic liposomes are safe and doesn't restrict the
character of the genes. Liposomes can encapsulate various drugs and macromolecules, and are useful as carriers for their delivery to cells. However, conventional
liposomes don't directly fuse with the cell membrane.
Even when they are actively bound to the cell surface by
adding an antibody or ligand on the surface, they are
taken into the cell by endocytosis. Most substances
encapsulated in liposomes are degraded by lysosomal
enzymes, which signiˆcantly reduced the introducing
e‹ciency. Therefore, delivery by direct fusion of the
liposome membrane with cell membrane is essential for
e‹cient introduction of macromolecules into the
cytoplasm.
We have been developed fusogenic liposomes which
have two envelope glycoproteins, hemagglutininneuraminidase (HN) and fusion (F) protein, from
Sendai virus on the surface of liposome membrane.
Fusogenic liposomes are prepared by fusing conventional liposomes with Sendai virus which belongs to the
paramyxovirus family. The HN protein is responsible
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for viral attachment to the cellular receptors containing
sialic acids and also plays an undeˆned role in subsequent fusion, while the F protein plays a major role in
fusion of the envelope with the cell membrane. These
two envelope glycoproteins on the fusogenic liposomes
have critical roles in the process of membrane fusion.
Fusogenic liposomes can fuse with the cell membrane
like the native virus particle and deliver encapsulated
contents directly and e‹ciently into the cytoplasm
(Fig. 1). Although fusogenic liposomes are composed of
Sendai virus, the RNA gene of the Sendai virus is chemically modiˆed or fragmented by b-propyl lactone or
ultraviolet irradiation. Also, as the Sendai virus is not
pathogenic to humans, it is safer than other virus
vectors. Fusogenic liposomes have the advantages of
e‹cient gene introduction and high gene expression in
comparison with cationic liposomes, a common nonviral gene transfer vector.10–12) For example, fusogenic
liposomes transferred genes e‹ciently into cultured cells
within 10 min when they were incubated at 379C, while
cationic liposomes-gene complex required at least 30
min to reach the same expression level. Fusogenic liposomes are also less cytotoxic than cationic liposomes
and showed more than 1,600 times higher gene expression than cationic liposomes in vivo. Fusogenic liposomes can introduce substances with 100z e‹ciency
into the most of mammalian cells. Furthermore, virus
vectors such as retrovirus and adenovirus have a limitation in the size of the genes that can be introduced.
However, the fusogenic liposomes can introduce any
kind of macromolecules such as plasmid DNAs,10–12)
antigenic proteins,13,14) toxin proteins,15,16) oligonucleotides,17) phages and nano-particles as long as they can be
encapsulated in a liposomes. Due to these advantages, it
can be thought that fusogenic liposomes have a wide
range of applications, possess the functions of a genetransfer vector, and also can be used as an antigen
protein (vaccine) carrier, as a vector to introduce
macromolecules into cells.
Intracellular kinetics
At the present time, the adenovirus vector is superior
in terms of transgene expression e‹ciency. Adenovirus
vector is incorporated into the cell by the endocytosis
pathway through a receptor. However, as it has an
outstanding capability of escaping from endosome to
cytoplasm, it reaches cytoplasm e‹ciently without the
gene being decomposed by the lysosome enzyme.18)
Moreover, since it also has the nuclear transfer function
required for the gene to be expressed, a high gene
expression can be obtained. Fusogenic liposomes can
e‹ciently introduce encapsulated plasmid DNAs into
cytoplasm by direct fusion with cell membrane, resulting in obtaining the high gene expression in comparison
with cationic liposomes. However, plasmid DNAs
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introduced into cells by fusogenic liposomes don't have
the function to be delivered into the nucleus, so it is
generally di‹cult to obtain a gene expression e‹ciency
equivalent to that of adenovirus vector. The nuclear
membrane restricts the transport of the plasmid DNA,
and the e‹ciency of DNA transfer from the cytoplasm
to the nucleus has been estimated to be about 10－4.
Therefore, in order to obtain a high gene expression
e‹ciency, the genes introduced into the cell must be
reduced to a compact size which can pass through
nuclear pores, and they must also be given an ability to
target the nucleus. As regards intracellular targeting,
speciˆc aminoacid sequences (signal peptides) of virus
proteins and intracellular proteins can control transfer
of substances into organella, and much information has
been accumulated. Such information will be important
in the future when controlling intracellular pharmacokinetics, and will be very useful in the realization of intracellular targeting.
On the other hand, there is an another method to
express transgenes in the cytoplasm. Gene expression in
the cytoplasm can be expected to achieve higher e‹ciency, because it does not require transport of genes into
the nucleus, which is one of the most signiˆcant limiting
steps in gene transfer using non-viral vectors. We have
tried to develop a T7 expression system which e‹ciently
expresses genes in the cytoplasm19) (Fig. 1). This system
realizes gene expression by introducing into cytoplasm
both T7 RNA polymerase and plasmid DNA with a T7
promoter, which are not present in eucaryocytes. With
this expression system, we can expect gene expression in
a completely independent manner from the usual gene
expression in the nucleus, without the problem of
whether the cells are mitotic or non-mitotic, and regardless of diŠerences in promoter activity according to
cell type. In this approach, T7 RNA polymerase or
mRNA20) which codes for T7 RNA polymerase must be
introduced into the cytoplasm together with the target
gene. Only fusogenic liposomes which can directly
introduce any kind of substance (genes, proteins and
particles such as nanospheres) into cytoplasm, can solve
the di‹cult problem.
Intracellular controlled release
Antisense oligonucleotides, ribozymes and siRNA,
etc. have been shown to be very e‹cient in the selective
inhibition of gene expression. However, the therapeutic
application of these macromolecules is currently limited
by their physiological properties such as low cellular
uptake and instability. These macromolecules are incorporated into the cell by an endocytosis pathway, and
most will be decomposed in the endosome, so there is a
very low e‹ciency of reaching the cytoplasm. Even if
they can be delivered to the cytoplasm, as they have
poor stability, it is very di‹cult to expect continuity of
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Fig. 2. Novel hybrid vector, fusogenic liposome, for the delivery of sustained release nanosphere.
In order to control the intracellular pharmacokinetics, technology for delivering sustained release particles such as nanospheres into cytoplasm is
indispensable. However the nanoparticles generally enter cells via endocytosis. In other words, even when these nanoparticles enter cells after
encapsulation by an endosome membrane, they still can not reach the cytoplasm. However, fusogenic liposomes can directly introduce nanoparticles into the cytoplasm of living cells at one time without serious cytotoxicity.

activity. Therefore, in addition to control of the systemic pharmacokinetics which have already been exploited,
an e‹cient technology must be developed for delivering
them into cytoplasm, and new DDS technology must be
established which can control the intracellular pharmacokinetics such as the regulation of the drug concentrations in cytoplasm using sustained release system.
Various techniques have already been developed
for sustained release of drugs, one of which is
``nanospheres''. Nanospheres, which comprise a polymer matrix that can enclose a large amount of drugs,
can control the release of drugs by the matrix component, and may also be able to suppress the decomposition of unstable drugs. We have succeeded in directly
introducing these nanospheres into cytoplasm by using
fusogenic liposomes (Fig. 2). By introducing a
nanosphere which has adsorbed an oligonucleotide with
a ‰uorescent label into the cell using fusogenic liposomes and observing with a confocal laser scanning
microscope, it was found that the ‰uorescence of the
oligonucleotide diŠused through the whole cell in a
time-dependent way. In the future, however, evaluation
of ``intracellular pharmacokinetics'' rather then ``systemic pharmacokinetics'' will be required, and a technique to introduce nanoparticles into the cytoplasm will
become necessary. Our technique is further expected to
contribute greatly to the development of nanoscience
and life science of the next generation as a method

indispensable for evaluation of intracellular activities of
functional nanoparticles, which will be created by the
extensive use of nanoscience and nanotechnology.
Regulation of the expression of exogenous genes
To date, heat shock,21) hormones such as glucocorticoids, estrogens, progesterones, and androgens 22–25) and
heavy metal ions 26–28) have been used to control gene
expression. However, for various reasons, including
pleiotropic eŠects caused by the inducers or interference
of transgene expression by endogenous inducers, these
systems are not well suited for gene therapy. The ideal
system for gene therapy requires a non endogenous
inducer that speciˆcally regulates transcription of the
transgene. The inducer must not aŠect other endogenous genes.
The Cre-loxP system of P2 phages has been used in
recent years to regulate the expression of exogenous
genes. In this system, an exogenous gene is incorporated
between loxPs, and Cre protein is then used to release
the exogenous gene.29,30) Cre protein speciˆcally recognizes the 34 bp loxP sequence and performs a series of
reactions on its own that are necessary for homologous
recombination (cutting and binding).31) However, a
drawback of this system is that it is not reversible; once
the segment of DNA incorporated between two loxP
sequences is excised by Cre recombinase, gene expression cannot be restored to the original state. As a result,
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Fig. 3. Transgene regulation by tet-oŠ and tet-on system.
Tet-oŠ system: The tTA can induce enhanced transgene transcription only from the tetracycline response element (TRE) promoter in the absence
of tetracycline. In the presence of tetracycline, a conformational change in the transactivator abolishes its ability to drive transcription.
Tet-on system: The rtTA can not bind to TRE without tetracycline derivatives like doxycycline. In the presence of tetracycline, rtTA binds to the
TRE and triggers transcription.

gene expression can be regulated only once. Thus, an
important aspect of the Cre-loxP system is to determine
when and how Cre protein is expressed.
As ˆrst described by Gossen and Bujard,32) gene
expression regulatory systems that involve the use of
tetracycline-responsive promoters have led to the establishment of highly e‹cient regulatory systems in mammalian cells. Because the method involves a regulatory
circuit not used by eukaryotic cells, transgene expression can be stringently controlled without aŠecting the
expression of endogenous genes. The present gene
expression system is based on two regulatory elements
derived from the tetracycline-resistance operon of the
E. coli Tn10 transposon33): Tet repressor protein (TetR)
and the Tet operator DNA sequence (tetO) to which
TetR binds. Tetracycline-responsive promoters are a
compound promoter consisting of the tet-responsive
element (TRE), which contains seven copies of tetO,
and the minimal immediate early promoter of
cytomegalovirus. The tetracycline-controlled transcriptional activator (tTA) is a complex consisting of the
wild-type TetR and the VP16 activation domain of
herpes simplex virus. tTA binds to TRE and activates
transcription. However, tTA does not bind to TRE in
the presence of tetracycline and transcription is inhibited as a result (Fig. 3). Thus, when a vector that is
capable of expressing a target gene under the control of
a tetracycline-responsive promoter and a vector that is
capable of expressing tTA are simultaneously transfected into a cell, the expression of the target gene can be
regulated via the addition of tetracycline (a Tet-OŠ

system). Conversely, if a fusion protein (reverse tTA,
rtTA) of reverse TetR (rTetR) and VP16 is used, it can
combine with TRE only in the presence of tetracycline,
and this is a Tet-On system which can activate transfer.34) Also in vivo, we have reported that optimization
of cancer gene therapy is possible by regulating the
expression of the transgene (interleukin-12; IL-12) by
applying a Tet-OŠ system to an adenovirus vector in a
tetracycline concentration range which does not show
any toxicity.35) It is thought that as the promoter and
inducer do not exist in mammalian cells, this system can
permit the expression of the target gene alone to be
strictly controlled without aŠecting expression of the
host genome genes in any way, and will become a useful
tool in the formulation of a safe and eŠective gene
therapy technique.
Conclusion
In the pharmacotherapy carried out to date, optimal
medication was possible by implementing the concept of
DDSs, i.e., delivering the optimal amount of a drug to
the target site. Thus, for example, if a sustained release
pharmaceutical which controls the release speed and
amount of the drug can be administered to the target
site, pharmacotherapy can be optimized, and such a
DDS pharmaceutical has in fact already been developed. Regarding gene therapy, the function of the
vector is of great importance. Also, in addition to the
function of the vector, the expression e‹ciency of the
gene depends on the characteristics of the therapeutic
gene including expression-regulating sites such as those
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of the promoter. Therefore, in the case of gene therapy,
it is important to regulate the expression period, expression intensity and expression site of the gene depending
on the disease by formulating various combinations of
vectors and the therapeutic genes including expressionregulating sites.
Acknowledgments: This study was supported in part
by Core Research for the Evolutional Science and
Technology Program, Japan Science and Technology
Corp., and the Ministry of Education, Culture, Sports,
Science, and Technology, Japan [Grants-in-Aid for
Scientiˆc Research (B) and (C)].
References
1)

2)

3)

4)

5)

6)

7)

8)

9)

Lechardeur, D. et al.: Metabolic instability of plasmid
DNA in the cytosol: a potential barrier to gene transfer.
Gene Ther., 6: 482–497 (1999).
Fisher, T. L., Terhorst, T., Cao, X. and Wagner, R. W.:
Intracellular disposition and metabolism of ‰uorescently-labeled unmodiˆed and modiˆed oligonucleotides
microinjected into mammalian cells. Nucleic Acids Res.,
21: 3857–3865 (1993).
Crooke, R. M. et al.: Metabolism of antisense
oligonucleotides in rat liver homogenates. J. Pharmacol.
Exp. Ther., 292: 140–149 (2000).
Caruso, M., Pham Nguyen K., Kwong, Y. L., Xu, B.,
Kosai, K. I., Finegold, M., Woo, S. L. and Chen, S. H.,:
Adenovirus-mediated interleukin-12 gene therapy for
metastatic colon carcinoma. Proc. Natl. Acad. Sci.
USA, 93: 11302–11306 (1996).
Bramson, J. L., Hitt, M., Addison, C. L., Muller, W.
J., Gauldie, J. and Graham, F. L.: Direct intratumoral
injection of an adenovirus expressing interleukin-12
induces regression and long-lasting immunity that is
associated with highly localized expression of interleukin-12. Hum. Gene Ther., 7: 1995–2002 (1996).
Bui, L. A., Butterˆeld, L. H., Kim, J. Y., Ribas, A.,
Seu, P., Lau, R., Glaspy, J. A., McBride, W. H. and
Economou, J. S.: In vivo therapy of hepatocellular carcinoma with a tumor-speciˆc adenoviral vector expressing interleukin-2. Hum. Gene Ther., 8: 2173–2182
(1997).
Putzer, B. M., Bramson, J. L., Addison, C. L., Hitt,
M., Siegel, P. M., Muller, W. J. and Graham, F. L.:
Combination therapy with interleukin-2 and wild-type
p53 expressed by adenoviral vectors potentiates tumor
regression in a murine model of breast cancer. Hum.
Gene Ther., 9: 707–718 (1998).
Tjuvajev, J., Gansbacher, B., Desai, R., Beattie, B.,
Kaplitt, M., Matei, C., Koutcher, J., Gilboa, E. and
Blasberg, R.: RG-2 glioma growth attenuation and
severe brain edema caused by local production of interleukin-2 and interferon-gamma. Cancer Res., 55:
1902–1910 (1995).
Putzer, B. M., Hitt, M., Muller, W. J., Emtage, P.,
Gauldie, J. and Graham, F. L.: Interleukin 12 and B7-1
costimulatory molecule expressed by an adenovirus
vector act synergistically to facilitate tumor regression.

10)

11)

12)

13)

14)

15)

16)

17)

18)
19)

20)

21)
22)

23)

24)

25)

26)

Proc. Natl. Acad. Sci. USA, 94: 10889–10994 (1997).
Mizuguchi, H., et al.: E‹cient gene transfer into
mammalian cells using fusogenic liposome. Biochem.
Biophs. Res. Commun., 218: 402–407 (1996).
Mizuguchi, H., et al.: A novel gene transfer system using
fusogenic liposomes. Progress in Drug Delivery System,
V: 149–152 (1996).
Mizuguchi, H., et al.: Development of fusogenic liposomes and its application to gene therapy. Transaction
of the Materials Research Society of Japan, (MRS-J) 20,
21–24, (1996).
Hayashi, A., et al.: A novel vaccine delivery system
using
immunopotentiating
fusogenic
liposomes.
Biochem. Biophys. Res. Commun., 261: 824–828 (1999).
Nakanishi, T., et al.: Fusogenic liposomes e‹ciently
deliver exogenous antigen through the cytoplasm into the
MHC class I processing pathway. Eur. J. Immunol., 30:
1740–1747 (2000).
Mizuguchi, H., et al.: Application of fusogenic liposomes containing fragment A of diphtheria toxin to
cancer therapy. Br. J. Cancer, 73: 472–476 (1996).
Mizuguchi, H., et al.: Intratumor administration of
fusogenic liposomes containing fragment A of diphtheria toxin suppresses tumor growth. Cancer Lett., 100:
63–69 (1996).
Kondoh, M., et al.: Growth inhibition of human
leukemia HL-60 cells by an antisense phosphodiester
oligonucleotide encapsulated into fusogenic liposomes.
Biol. Pharm. Bull., 23: 1011–1013 (2000).
Greber, U. F., et al.: Stepwise dismantling of adenovirus
2 during entry into cells. Cell, 75: 477–486 (1993).
Mizuguchi, H., et al.: Cytoplasmic gene expression
system enhances the e‹ciency of cationic liposomemediated in vivo gene transfer into mouse brain.
Biochem. Biophys. Res. Commun., 234: 15–18 (1997).
Nakano, R., et al.: A nobel T7 system utilizing mRNA
coding for T7 RNA polymerase. Biochem. Biophys. Res.
Commun., 301: 974–978 (12003).
Nouer, L.: in Heat Shock Response, ed. Nouer, L.
(CRC, Boca Raton, FL), pp. 167–220 (1991).
Lee, F., Mulligan, R., Berg, P. and Ringold, G.:
Glucocorticoids regulate expression of dihydrofolate
reductase cDNA in mouse mammary tumour virus
chimaeric plasmids. Nature, 294: 228–232 (1981).
Hynes, N. E., Kennedy, N., Rahmsdorf, U. and Groner,
B.: Hormone-responsive expression of an endogenous
proviral gene of mouse mammary tumor virus after
molecular cloning and gene transfer into cultured cells.
Proc. Natl. Acad. Sci. USA, 78: 2038–2042 (1981).
Klock, G., Strahle, U. and Schutz, G.: Oestrogen and
glucocorticoid responsive elements are closely related but
distinct. Nature, 329: 734–736 (1987).
Israel-D. I., Kaufman-R. J.: Highly inducible expression
from vectors containing multiple GRE's in CHO cells
overexpressing the glucocorticoid receptor. NucleicAcids-Res., 17: 4589–4604 (1989).
Mayo, K. E., Warren, R. and Palmiter, R. D.: The
mouse metallothionein-I gene is transcriptionally regulated by cadmium following transfection into human or
mouse cells. Cell, 29: 99–108 (1982).

p223 p.7 [100%]

Novel Technology of DDS for Gene Therapy

27)

28)

29)

30)

31)

Brinster, R. L., Chen, H. Y., Warren, R., Sarthy, A.
and Palmiter, R. D.: Regulation of metallothioneinthymidine kinase fusion plasmids injected into mouse
eggs. Nature, 296: 39–42 (1982).
Searle, P. F., Stuart, G. W. and Palmiter, R. D.:
Building a metal-responsive promoter with synthetic
regulatory elements. Mol. Cell. Biol., 5: 1480–1489
(1985).
Anton, M. and Graham, F. L.: Site-speciˆc recombination mediated by an adenovirus vector expressing the Cre
recombinase protein: a molecular switch for control of
gene expression. J. Virol., 69: 4600–4606 (1995).
Kanegae, Y., Lee, G., Sato, Y., Tanaka, M., Nakai, M.,
Sakaki, T., Sugano, S. and Saito, I.: E‹cient gene
activation in mammalian cells by using recombinant
adenovirus expressing site-speciˆc Cre recombinase.
Nucleic. Acids. Res., 23, 3816–3821 (1995).
Fukushige, S. and Sauer, B.: Genomic targeting with a

32)

33)

34)

35)

229

positive-selection lox integration vector allows highly
reproducible gene expression in mammalian cells. Proc.
Natl. Acad. Sci. USA, 89: 7905–7909 (1992).
Gossen, M. and Bujard, H.: Tight control of gene
expression in mammalian cells by tetracycline-responsive
promoters. Proc. Natl. Acad. Sci. USA, 89, 5547–5551
(1992).
Hillen, W. and Wissmann, A.: in Protein-Nucleic Acid
Interaction, Topics in Molecular and Structural Biology,
eds. Saenger, W. and Heinemann, U., Macmillan,
London, Vol. 10, pp. 143–162 (1989).
Gossen, M., et al.: Transcriptional activation by tetracyclines in mammalian cells. Science, 268: 1766–1769
(1995).
Nakagawa, S., et al.: Tetracycline-regulatable adenovirus vectors: pharmacologic properties and clinical potential. European J. Pharmaceutical Sciences, 13: 53–60
(2002).

