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The objective for human gene therapy is to express exogenous DNA at a site in vivo for long enough,
and at sufficient levels to produce a therapeutic response. The obstacles to this objective are
numerous and include the formulation or packaging of the DNA, in vivo delivery, penetration of
biological barriers, DNA elimination within the cell and from the tissue compartments of the whole
body, control of product expression and overt toxicity. The current challenge is to resolve each of
these obstacles to produce a practical and efficient gene therapy. In doing so, it is vital to understand
the disposition of DNA vectors in vivo, and to know how conventional medicines may be used to
modulate this disposition and to enhance the therapeutic effect of these vectors. Many of the general
concepts of human gene therapy have been reviewed extensively in the literature. This review
discusses some of the pharmacological aspects of gene delivery and the fate of vectors in vivo, and
then highlights how drugs are being used to modulate gene therapy.
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The potential for using genetic technology to treat human diseases has stimulated the imagination of
numerous researchers from a diverse range of disciplines. Gene therapy has been a prolific area of
research over the past decade and continues to receive considerable attention. However, the use of
genetic material as therapeutic agents has produced many novel and challenging obstacles that
remain to be overcome. The current challenge is to resolve each of these obstacles to produce a
practical and efficient means of treating human disease. Many of the limitations to using genetic
material as therapeutic agents, such as poor bioavailability, stability in vivo, formulation and delivery
to the site of action, apply to conventional medicines. In addition, understanding the disposition of
DNA vectors in vivo, and how conventional medicines may be used to modulate this disposition may
be essential in developing practical and clinically useful gene therapies. For these reasons, the
pharmacologist has an important role in the development of clinically feasible gene therapies. This
review addresses many of the aspects of the pharmacology of gene therapy. For more general
reviews of gene therapy and current approaches to delivering genetic material to cells and tissues,
the reader is referred to recent literature (1-6).

Broadly speaking, gene therapies can be divided into 3 categories based on the mode of delivery to
the target tissue (7). The first category, ex vivo delivery, involves removing the target cells from the
patient, transfecting the cells with a transgene and then returning them to the patient. This approach
is limited to those cells that can be readily obtained and cultured, and bypasses many of the
pharmacological problems associated with the other categories. The second category involves direct
application of the transgene to the target tissue. Examples include attempts to delivery transgenes to
the lungs of cystic fibrosis patients by intratracheal application or direct injection of genes into solid
tumors. Intramuscular injection has also been attempted for the treatment of muscular dystrophy. The
third category is in vivo delivery via the blood stream. This is the most versatile approach but is limited
by the complex pharmacological problems associated with circulating DNA. To date, no clinical trails
have commenced using delivery via the circulation (7). However, for gene therapy to become an
acceptable and routine clinical procedure, this mode of delivery will need to be refined and developed.
Gene Therapies and Dose-Response Relationships

The relationship between the amount of transgene administered to a host and therapeutic response
often receives little attention in preclinical gene therapy studies. There are several possible reasons
for this. Firstly, for many diseases under consideration for gene therapy, good animal models are not
available. Human genetic diseases can be particularly difficult to reproduce in animals, although the
recent use of transgenic animals has been of assistance (8-14). Animal models may not include
physiological parameters that can affect transgene expression and therapeutic response. For
example, many anti-cancer gene therapies have a demonstrated efficacy in tumor transplant animal



models (15-19). However, these models often do not take into consideration parameters such as
normal tumor vascularization, cellular and extracellular heterogeneity, lymph drainage and tumor
growth rates that differ markedly between the animal model and primary or secondary tumors in
humans. Secondly, a single dose therapeutic response in an animal model may be sufficient to
warrant human studies. However, factors that can affect response such as differences in size,
immunological activities (20), and metabolic rates (21,22) need to be considered (22-25). For
example, differences in the immunological response between experimental animals and humans to
vectors used for gene therapy have emerged as a major concern and have particularly affected the
design of adenovirus-based gene therapies in humans. This is the result of most humans having been
exposed to adenoviral infections and having developed neutralizing antibodies to the virus (26,27).
Animal models used to assess gene therapies do not have this limitation. Thirdly, dose escalation
studies aimed at determining the maximum response and toxicity of a transgene require amounts of
material that are often difficult to produce. The choice of animal models and their predictive power for
subsequent human studies remains an important area in gene therapy research.

A number of preclinical studies have revealed interesting insights into the relationship between gene
dose and activity. In a murine tumor model designed to evaluate the effects of an adenoviral vector
encoding tumor necrosis factor-a (TNF-a), Mauceri et al (28) showed a dose-dependent decrease in
tumor size over the dose range of 1x107 to 5x108 plaque forming units (PFU) administered directly
into the tumor (Fig. 1). Half-maximum response was seen at approximately 1.6x108 PFU. This is
equivalent to a dose of 8x109 PFU/Kkg. In a similar study using an adenoviral based HSV-thymidine
kinase (HSVtk) vector as a suicide gene, Goebel and associates (29) reported a dose-dependent
reduction in tumor growth rate but only observed a reduction in the size of an established tumor at a
dose of 1010 PFU (5x1011 PFU/kg). These doses suggest that very large amounts of viral vector will
be required to treat human cancers where solid tumors can be as large as 1010 cells at the time of
diagnosis.

A common approach to cancer gene therapy is to use suicide transgenes. These genes express an
enzyme such as herpes simplex thymidine kinase that activates a pro-drug to kill the cell. A range of
suicide transgenes are available but differ considerably with respect to their bystander activity (ability
of transfected cells to kill adjacent non-transfected cells) (30). Suicide gene therapy introduces a
further complication in that response will be dependent on selecting both the appropriate gene dose
and the appropriate pro-drug dose. Sewell et al (31) studied these two parameters in a murine model
and showed that both the viral titres and the pro-drug dose (ganciclovir) necessary for a therapeutic
response may be considerably less than that routinely predicted from in vitro studies. Minimizing the
dose of ganciclovir is clinically important since the drug exhibits considerable side-effects within its
therapeutic range (32).

Figure 1. Dose-response relationship for adenovirus encoding TNF-a and tumor growth in a murine
model. Mice were inoculated with the human cell line SQ-20B and then treated intratumourally with an
adenovirus-based vector that expresses TNF-a. Adapted from Mauceri et al (28).

Figure 2. Compartmental model describing the intracellular disposition of transgenes and their
products. The 6 compartment model shows a sequential series of events from uptake of vector from
the extracellular space to secretion of the protein product. Each compartment has an elimination
process representative of the degradation pathway for each component. Adapted from (38).

Some clinical assessment of gene dose-response has been reported, although mostly with respect to
toxicity (33-36). Intratumor injection of adenoviral vectors encoding wild-type p53 with doses up to
1010 PFU to patients with non-small cell lung cancer is well tolerated (35) although intra- pleural
doses of 1012 PFU to patients with mesothelioma induced minor side effects including temporary
systemic inflammation (36). In cystic fibrosis patients, a dose escalation study over 3 orders of
magnitude failed to demonstrate a therapeutic response to an adenovirus encoding the cyctic fibrosis
transmembrane conductance regulator despite evidence for transgene expression in 5 of 6 patients
(37).

Pharmacokinetics of DNA in Vivo

Kinetics of Cellular Uptake and Intracellular Trafficking

Two aspects of the kinetics of exogenous DNA in vivo can be considered from: (a) how DNA is taken
up and processed at its target site; and (b) how it is handled by the body as a whole. The first serious
attempt to understand the kinetics of gene therapy at a cellular level was reported by Ledley and
Ledley in 1994 (38). They outlined the likely events that might affect transgene expression and
proposed a 6 compartment linear model to describe the uptake, intracellular trafficking and expression



of exogenous genes (Fig. 2). Their classical pharmacological compartmental approach, although
theoretical in nature, provided a basis for developing strategies to enhance or modulate transgene
expression at a cellular level. Interestingly, their analysis suggested that promoter strength might be
of limited assistance in optimizing gene expression if DNA, RNA, and protein stability are ignored.

At a cellular level, intracellular trafficking appears to be a critical rate-limiting function, especially for
non-viral vectors (Fig. 2). Uptake via the endosomal system can be enhanced pharmacologically with
drugs that inhibit endosomal acidification or by agents that enhance the rate of DNA release from the
endosomes. This was elegantly demonstrated in vitro using the transferrin-based non-viral delivery
system pioneered by Birnstiel and associates (39). Chloroquine (40,41), HA-2 derived peptides (42),
and adenoviral particles (43-45) all increase the release of intact transgene from the endosomes and
increase gene expression. Whether such agents will be effective in vivo in humans is yet to be
established.

Another example of the use of more conventional therapies to modify the uptake and expression of
transgenes was demonstrated by Patijn et al (46). They used hepatocyte growth factor (HGF) to
enhance expression of a retroviral vector in the liver where expression of most vectors is small
because of the non-proliferative nature of the hepatocytes. HGF induces a mitogenic response in the
liver resulting in cell proliferation and a degree of hypertrophy in vivo (46-48). In this manner, it mimics
the proliferation following partial hepatectomy that has been shown to enhance hepatic transgene
expression (49). When administered by constant infusion over 5 days, up to 30% of hepatocytes were
stably transduced following retroviral administration. By contrast, Kosai and associates (50) found that
less than 1% of hepatocytes were transduced if HGF was administered intravenously as a bolus
dose. Nevertheless, this may be sufficient to elicit a pharmacological response. Given the importance
of transgene expression in the liver for a number of gene therapy protocols (49,51-53), these findings
are significant and clinically relevant. Other mitogens such as tri-iodothryonine also have been shown
to enhance liver expression (54), although at much lower levels than that reported by Patijn et al (46).
Fate of Exogenous DNA in Vivo

DNA used in gene therapy can be administered in vivo by use of viral particles, complexes with
cationic macromolecules or liposomes, or simply as naked DNA (7). A number of systems have been
described where expression of transgenes in peripheral tissues occurs following intravenous injection
of vectors formulated as cationic complexes, as liposomes or as adenoviral particles (49,55-59).
Intravenous administration is attractive pharmacologically as it is simple and because it may provide
access to tissues where direct injection of genetic material is not practical. Targeting of exogenous
DNA and its persistent expression at therapeutically useful levels in peripheral tissues following
intravenous injection is still under development (7).

Delivery of foreign DNA to specific tissues in vivo is influenced by many factors including the structure
and size of the DNA, stability against nuclease degradation, and the pharmacokinetics of the delivery
system (38,60). After administration, plasmid DNA that enters the circulation is rapidly removed
mainly by the non-specific scavenger receptors located in the liver (61,62). These receptors are
involved in removing anionic macromolecules from the circulation (63). DNA complexed to cationic
liposomes also can be rapidly cleared from the circulation via a mechanism involving Kupffer cell
phagocytosis (64,65). Similarly, virions administered intravenously have been shown to distribute
primarily to the reticuloendothelial system (66).

Plasmid DNA is extensively degraded in vivo although exactly where this degradation takes place
remains unknown (62). The very rapid clearance of transgenes from the plasma compartment may be
advantageous when DNA is delivered locally using direct injection, since it will limit the likelihood of
expression of the exogenous DNA that inadvertently escapes the site of delivery. However, for
systems dependent on delivery via the circulation, rapid removal by the liver will limit the extent of
gene transfer to peripheral tissues, especially those with relatively small blood flows.

Figure 3. Disappearance of plasmid DNA in rats. Animals were administered 35S-DNA intra-arterially
either alone (circles) or with the non-specific scavenger receptor antagonist polyinosinic acid
(triangles). Blood samples were collected over 20 min and intact DNA was quantified after agarose
gel electrophoresis. The clearance of plasmid from the plasma was 30 mL/min/kg which exceeded
total liver blood flow. In the presence of polyinosinic acid, clearance decreased to 11 mL/min/kg.

Understanding the pharmacokinetics of exogenous DNA in vivo can assist in designing strategies that
maximize gene transfer by enhancing uptake, distribution or clearance. For example, Fig. 3 shows the
plasma-time profile for plasmid DNA following intravenous administration to rats (unpublished data).
The half-life of the intact DNA was significantly increased if polyinosinic acid, a potent inhibitor of the
hepatic scavenger receptors, was co-administered with the DNA. Other agents such as dextran



sulfate also may be used in this manner to enhance plasmid DNA half-life (62). However,
disappearance of DNA from the circulation is still relatively rapid due, in part, to degradation by
DNase (62). There are at least two approaches that could be used to inhibit DNA metabolism and
further increase the circulation time of transgenes. Firstly, nuclease inhibitors may be developed for
use in vivo although, to date, no such agents are available. Secondly, the DNA can be packaged to
render it resistant to degradation. DNA condensed with polycations is not readily metabolized by
nucleases due to limited access of the enzyme to the DNA. However, the degree of protection is
dependent on the length of the polycation (67). Polylysines with an average length of 256 amino acids
were significantly better at protecting condensed DNA from degradation compared to polylysine of
only 96 amino acids (67).

Route of Administration

The route of vector administration has been shown to influence the extent of transgene expression
(68-70). For DNA given by non-intravenous methods, bioavailability of the construct and the gene
product may vary considerably according to how and where the vector was administered to the
patient. Moreover, immunological responses in vivo to transgenes appear to be quite different
depending on the route of administration (69).

Figure 4. Disposition of transgenes in vivo. Administration of vectors into the central compartment
results in distribution to the target tissue where access to parenchyma tissue will require crossing the
endothelial cell and basement membrane barriers. DNA also may be taken up by non-target tissues
where it can be eliminated. Metabolism of DNA in the central compartment can occur by nucleases in
the plasma or associated with cells lining the blood vessels.

Transgenes administered intravenously must cross the endothelial cell barrier and basement
membrane before reaching target cells in the parenchyma (Fig. 4). This can be a very slow process
compared to general tissue distribution, metabolism, and excretion, hindering efficient gene delivery.
Alternative routes of administration may be ideal for some tissues by avoiding both rapid clearance
from the central compartment and the endothelial cell/lbasement membrane barrier. This was recently
illustrated for gene delivery to the pancreas (71), an organ that receives less than 5% of cardiac
output (72). Uptake of cholecyctokinin-DNA complexes by the pancreas following intravenous
administration was minimal even when hepatic clearance was blocked. However, intraperitoneal
administration of the complex resulted in about 25% of the dose accumulating in the pancreas over 24
hr. Whether this was due to lymphatic drainage of the peritoneum or some other delivery mode is
currently unknown. Targeting of tumors in the pancreas by intraperitoneal administration of
transgenes has been recently reported by Yang et al (73). In a murine pancreatic tumor model, these
investigators showed that intraperitoneal administration of HSV-thymidine kinase encoded by a
retroviral vector resulted in the integration of the virus into the genome of the tumor cells. Moreover,
on the addition of ganciclovir, a significant reduction in tumor growth was seen demonstrating the
practical feasibility of intraperitoneal transgene administration.

Pharmacological Modulation of Therapeutic Genes

Conventional medicines are increasingly being used to overcome some of the obstacles faced with
gene therapy. Drugs have been used to reduce unwanted immune responses to transgenes, regulate
their expression and enhance their therapeutic effects (Table 1). However, multi-agent therapy
introduces further pharmacological considerations such as potential interactions between the drug(s)
and the transgene product, dosing regimes and toxicity of the combined treatment. When
conventional drugs are used to supplement the effects of gene therapies, additive or synergistic
responses also may need to be considered.

Immunosuppression and Gene Therapy

Immunological responses to foreign DNA vectors have presented a major problem for gene therapies
that are not designed to immunize the patient against the antigen expressed from the transgene.
Immunomodulation can be directed towards the vector itself (74-76) or towards the gene product (77-
79). The induction of an immune response to vectors used for gene therapy can lead to a decrease in
transfection efficiency by neutralizing antibodies, destruction of target cells and inflammation (80).
Importantly, immune responses have been shown to limit multiple dosing with the same vector (75).
However, in several animal models, transgene expression following single and multiple doses has
been prolonged or enhanced by simultaneously immunosuppressing the animal (Table 1). Three
classes of immunosuppressant agents have been investigated: anti-T cell antibodies, immunophilin
ligands, and cytotoxic drugs. All target the T-cell response to antigen either by down-regulating
essential surface receptors (antibodies), inhibiting calcineurin- dependent intracellular signaling
(immunophilin ligands), or by non-specific toxicity (cytotoxic agents). The action of some of these



drugs may not be limited to their immunomodulatory activities. Russell and co-workers (56,81)
showed that etoposide, a topoiso- merase inhibitor, increased transduction of cultured cells by adeno-
associated virus at least 2 orders of magnitude. However, they were unable to show an effect of
etoposide in vivo. To date, the combination of immunosuppressive agents and gene therapies in
humans has not been critically evaluated. Sullivan et al (78) reported that immunosuppression of
rhesus monkeys with cyclophosphamide and prednisone helped sustain expression of a reporter
gene in the liver suggesting that this approach may be beneficial in humans.

Zhang et al (82) recently demonstrated that soluble tumor necrosis factor binding protein inhibited the
inflammatory response to adenoviruses and prolonged transgene expression following intravenous or
intranasal administration to mice. Their results suggest that TNF-a has a central role in early
inflammation and may be an important therapeutic target for future drug development.

Table 1. Immunosuppressant agents used to enhance gene therapy
Table 2. Drug-regulatable gene expression systems used for gene therapies

Regulation of Transgene Expression

The ability to regulate transgene expression over a long period will be critical for gene therapies that
require intermittent production of the gene product. In addition, regulatable expression may be
necessary for gene products that have small differences between effective and toxic doses (small
therapeutic window). A number of laboratories have started to develop drug-sensitive promoter
systems that allow for control of transgene expression and some of these systems have been tested
in vivo. Gene regulation by a secondary drug may provide a quantal response (on/off switch) or a
graded response (concentration-dependent effect) depending on the system. Most notable is the
tetracycline-dependent vectors originally developed by Gossen and Bujard in 1992 (83). This system
is based on two regulatory elements from the tet operon of the E. coli Tn10 transposon and gives a
graded response to treatment with tetracycline or its analogs (84-86). A number of investigators have
constructed vectors suitable for gene therapy incorporating a tetracycline-dependent promoter and
have demonstrated regulated gene expression in cultured cells (87-91) and in vivo (92-96). Harding et
al (97) recently showed tertracycline-dependent transgene expression in vivo. They transfected
neuronal cells of rats with an adenovirus encoding the green fluorescent protein under the control of a
tetracycline-regulatable promoter. By adding and removing doxycycline from the drinking water of the
animals, expression of the reporter gene could be switched on and off, respectively. Saitoh and
associates (86) also showed doxycycline-dependent gene expression in vivo by implanting polymer-
encapsulated neuroblastoma cells carrying a tetracycline-regulatable proopio- melanocortin gene into
the subarachnoid space of the central nervous system. Upon intraperitoneal administration of
doxycycline, a dose-dependent release of ACTH has observed. Together, these studies indicate the
potential of tetracycine-regulatable gene expression in whole animals.

There are several other drug-dependent expression systems that have been described (Table 2).
Direct engineering of the CAMP response element upstream of a transgene can provide cAMP-
dependent expression (98,99). In cell culture, these vectors can be activated by agents, such as
forskolin, that increase intracellular CAMP levels. Suzuki et al (100) showed enhanced expression of a
cAMP-regulatable b-Gal gene in the pulmonary epithelium of mice following treatment with the cAMP
analog 8-bromo-cAMP and the phosphodiesterase inhibitor theophyline. Other drug-dependent
expression systems are less well studied but show the potential for different promoter sequences as
switches in gene therapy.

Drug Enhancement of Gene Delivery

Drug combinations can be used to treat a range of diseases where single drug therapies have little or
no effect. Often the success of multi-drug treatments is due to additive or synergistic responses and is
best when the individual drugs act via different mechanisms to produce similar responses. This can
lead to much lower, and therefore safer, drug doses required to achieve the same effect. The
possibility that conventional drug treatments may complement gene-based treatments is important for
optimizing clinically relevant gene therapies. Already, several interesting drug-gene combinations
have been reported, mostly for cancer-directed gene therapies (55-62) .

Insertion of the p53 gene into rapidly proliferating tumor cells lacking functional p53 can induce
apoptosis and tumor suppression in vivo. The effects of p53 gene transfer has been shown to be
enhanced with cisplatin, a conventional anti-cancer drug (101-103). The mechanism of enhancement
may be multifactorial. Nguyen et al (103) showed that pretreatment of H1299 cells, which lack
functional p53, with cisplatin before transfection with wild-type p53 was critical for optimum effect of
the drug-gene combination in vivo. By contrast, Ogawa et al (101) reported that wild-type p53 already



expressed in human colon cancer cells sensitized them to subsequent treatment with cisplatin.
Clearly, the in vivo pharmacokinetic-pharmacodynamic relationship of these two therapies needs to
be more thoroughly investigated.

Cisplatin also has been combined with interferon-g gene therapy in a murine ovarian carcinoma
model (104). This study suggested that cisplatin increased the transfection efficiency of the transgene
which was delivered as a cationic lipid complex. The combination was effective in vivo in part due to
induction of inducible nitric oxide synthase. Finally, the anti-tumor activity of the HSV-tk/ganciclovir
system against human or rat osteosarcomas (in a murine model) is significantly enhanced when
methotrexate is co-administered (105).

Other drug-gene combinations have been reported. Bradykinin, and its analogue RMP-7, have been
used to enhance the intracarotid delivery of transgene vectors leading to a significantly greater
therapeutic effect (106,107). These drugs appear to act as permeabilisers of the blood-brain barrier
allowing greater access of the pro-drug ganciclovir. Suicide gene therapy often relies on intracellular
communication involving gap junctions for the bystander effect which permits killing of adjacent cells
that are not transduced. Without this effect, suicide gene therapy would have limited anti-tumor
activity. Park and associates (108) have shown that retinoic acid increases gap junction
communication by inducing connexin expression. Combining retinoic acid treatment with HSVtk gene
therapy augmented the bystander effect in vivo resulting in a greater efficacy of the suicide transgene
(HSVtk/ganciclovir). Finally, Mhashilkiar et al (109) showed that protein kinase C inhibitors and anti-
Tat intracellular antibodies cooperatively inhibit HIV replication.

In summary, the increasing use of conventional drugs to modulate the efficacy of gene therapies may
be essential for the long-term clinical development of gene-based treatments. In this review, the role
of drugs in optimizing the delivery and pharmacokinetics of transgenes has been demonstrated. In
addition, it has been shown how conventional medicines may be useful in enhancing responses to
transgenes as well as regulating their level of expression in target tissues.

Acknowledgements

Dr Minchin is the recipient of the Elizabeth Stalker McEwan Fellowship. His laboratory has been
supported by grants from the Raine Medical Research Foundation, National Health and Medical
Research Council, Australian Research Council, Cancer Foundation of Western Australia and the
AIDS Trust of Australia.

References

1 Bilbao G, Gomez-Navarro J, Curiel DT. Targeted adenoviral vectors for cancer gene therapy.
Advances in Experimental Medicine & Biology 1998;451:365-74.

2 Bilbao G, Feng M, Rancourt C, Jackson WH, Jr., Curiel DT. Adenoviral/retroviral vector chimeras: a
novel strategy to achieve high-efficiency stable transduction in vivo. FASEB J 1997;11:624-34.

3 Rosenfeld ME, Curiel DT. Gene therapy strategies for novel cancer therapeutics. Curr Opin Oncol
1996;8:72-7.

4 Cristiano RJ, Curiel DT. Strategies to accomplish gene delivery via the receptor-mediated
endocytosis pathway. Cancer Gene Ther 1996;3:49-57.

5 Martin LA, Lemoine NR. Direct cell killing by suicide genes. Cancer & Metastasis Reviews
1996;15:301-16.

6 Harris JD, Lemoine NR. Strategies for targeted gene therapy. Trends Genet 1996;12:400-5.

7 Anderson WF. Human gene therapy. Nature 1998; 392:25-30.

8 Rahman NA, Kananen Rilianawati K, Paukku T, Mikola M, Markkula M, Hamalainen T, et al.
Transgenic mouse models for gonadal tumorigenesis. Molecular & Cellular Endocrinology
1998;145:167-74.

9 Lewin AS, Drenser KA, Hauswirth WW, Nishikawa S, Yasumura D, Flannery JG, et al. Ribozyme
rescue of photoreceptor cells in a transgenic rat model of autosomal dominant retinitis pigmentosa
[published erratum appears in Nat Med 1998 Sep;4(9)1081]. Nat Med 1998;4:967-71.

10 Hahn CN, del Pilar Martin M, Zhou XY, Mann LW, d'Azzo A. Correction of murine galactosialidosis
by bone marrow-derived macrophages overexpressing human protective protein/cathepsin A under
control of the colony-stimulating factor-1 receptor promoter. Proc Natl Acad Sci USA 1998;95:14880-
5.

11 Galuska D, Ryder J, Kawano Y, Charron MJ, Zierath JR. Insulin signaling and glucose transport in
insulin resistant skeletal muscle. Special reference to GLUT4 transgenic and GLUT4 knockout mice.
Advances in Experimental Medicine & Biology 1998; 441: 73-85.

12 Zou Y, Dietrich H, Hu Y, Metzler B, Wick G, Xu Q. Mouse model of venous bypass graft
arteriosclerosis. Am J Pathol 1998;153:1301-10.



13 Brousseau ME, Wang J, Demosky SJ, Jr., Vaisman BL, Talley GD, Santamarina-Fojo S, et al.
Correction of hypoalphalipoproteinemia in LDL receptor-deficient rabbits by lecithin:cholesterol
acyltransferase. J Lipid Res 1998;39:1558-67.

14 Pryhuber GS. Regulation and function of pulmonary surfactant protein B. Molecular Genetics &
Metabolism 1998;64:217-28.

15 Bouvet M, Bold RJ, Lee J, Evans DB, Abbruzzese JL, Chiao PJ, et al. Adenovirus-mediated wild-
type p53 tumor suppressor gene therapy induces apoptosis and suppresses growth of human
pancreatic cancer [see comments]. Ann Surg Oncol 1998;5:681-8.

16 Overholt SM, Liu TJ, Taylor DL, Wang M, El-Naggar AK, Shillitoe E, et al. Head and neck
squamous cell growth suppression using adenovirus-p53-FLAG: a potential marker for gene therapy
trials. Clinical Cancer Research 1997;3:185-91.

17 Thomas SM, Naresh KN, Wagle AS, Mulherkar R. Preclinical studies on suicide gene therapy for
head/neck cancer: a novel method for evaluation of treatment efficacy. Anticancer Res 1998;18:4393-
8.

18 Hwang RF, Gordon EM, Anderson WF, Parekh D. Gene therapy for primary and metastatic
pancreatic cancer with intraperitoneal retroviral vector bearing the wild-type p53 gene. Surgery
1998;124:143-50; discussion 150-1.

19 Ohashi M, Kanai F, Tanaka T, Lan KH, Shiratori Y, Komatsu Y, et al. In vivo adenovirus-mediated
prodrug gene therapy for carcinoembryonic antigen-producing pancreatic cancer. Jpn J Cancer Res
1998;89:457-62.

20 Richter WF, Gallati H, Schiller CD. Animal pharmacokinetics of the tumor necrosis factor receptor-
immunoglobulin fusion protein lenercept and their extrapolation to humans. Drug Metabolism &
Disposition 1999;27:21-5.

21 Mahmood I. Interspecies scaling: predicting volumes, mean residence time and elimination half-
life. Some suggestions. J Pharm Pharmacol 1998;50:93-9.

22 Lin JH. Applications and limitations of interspecies scaling and in vitro extrapolation in
pharmacokinetics. Drug Metabolism & Disposition 1998;26:1202-12.

23 West GB, Brown JH, Enquist BJ. A general model for the origin of allometric scaling laws in
biology [see comments]. Science 1997;276:122-6.

24 Bazin-Redureau M, Pepin S, Hong G, Debray M, Scherrmann JM. Interspecies scaling of
clearance and volume of distribution for horse antivenom F(ab")2. Toxicol Appl Pharmacol
1998;150:295-300.

25 Riviere JE, Martin-Jimenez T, Sundlof SF, Craigmill AL. Interspecies allometric analysis of the
comparative pharmacokinetics of 44 drugs across veterinary and laboratory animal species. J Vet
Med Sci 1997;20:453-63.

26 Kuriyama S, Tominaga K, Kikukawa M, Nakatani T, Tsujinoue H, Yamazaki M, et al. Inhibitory
effects of human sera on adenovirus-mediated gene transfer into rat liver. Anticancer Res
1998;18:2345-51.

27 Bellon G, Michel-Calemard L, Thouvenot D, Jagneaux V, Poitevin F, Malcus C, et al. Aerosol
administration of a recombinant adenovirus expressing CFTR to cystic fibrosis patients: a phase |
clinical trial. Hum Gene Ther 1997;8:15-25.

28 Mauceri HJ, Seung LP, Grdina WL, Swedberg KA, Weichselbaum RR. Increased injection number
enhances adenoviral genetic radiotherapy. Radiat Oncol Investig 1997;5:220-6.

29 Goebel EA, Davidson BL, Graham SM, Kern JA. Tumor reduction in vivo after adenoviral mediated
gene transfer of the herpes simplex virus thymidine kinase gene and ganciclovir treatment in human
head and neck squamous cell carcinoma. Otolaryngology - Head & Neck Surgery 1998;119:331-6.
30 Pope IM, Poston GJ, Kinsella AR. The role of the bystander effect in suicide gene therapy. Eur J
Cancer 1997;33:1005-16.

31 Sewell DA, Li D, Duan L, Schwartz MR, O'Malley BW, Jr. Optimizing suicide gene therapy for head
and neck cancer. Laryngoscope 1997;107:1490-5.

32 Faulds D, Heel RC. Ganciclovir. A review of its antiviral activity, pharmacokinetic properties and
therapeutic efficacy in cytomegalovirus infections. Drugs 1990;39:597-638.

33 Webb A, Cunningham D, Cotter F, Clarke PA, di Stefano F, Ross P, et al. BCL-2 antisense
therapy in patients with non-Hodgkin lymphoma. Lancet 1997; 349: 1137-41.

34 Knowles MR, Noone PG, Hohneker K, Johnson LG, Boucher RC, Efthimiou J, et al. A double-
blind, placebo controlled, dose ranging study to evaluate the safety and biological efficacy of the lipid-
DNA complex GR213487B in the nasal epithelium of adult patients with cystic fibrosis. Hum Gene
Ther 1998;9:249-69.

35 Schuler M, Rochlitz C, Horowitz JA, Schlegel J, Perruchoud AP, Kommoss F, et al. A phase |
study of adenovirus-mediated wild-type p53 gene transfer in patients with advanced non-small cell



lung cancer. Hum Gene Ther 1998;9:2075-82.

36 Sterman DH, Treat J, Litzky LA, Amin KM, Coonrod L, Molnar-Kimber K, et al. Adenovirus-
mediated herpes simplex virus thymidine kinase/ganciclovir gene therapy in patients with localized
malignancy: results of a phase | clinical trial in malignant mesothelioma. Hum Gene Ther
1998;9:1083-92.

37 Knowles MR, Hohneker KW, Zhou Z, Olsen JC, Noah TL, Hu PC, et al. A controlled study of
adenoviral-vector-mediated gene transfer in the nasal epithelium of patients with cystic fibrosis [see
comments]. N Engl J Med 1995;333:823-31.

38 Ledley TS, Ledley FD. Multicompartment, numerical model of cellular events in the
pharmacokinetics of gene therapies. Hum Gene Ther 1994;5:679-91.

39 Cotten M, Langle-Rouault F, Kirlappos H, Wagner E, Mechtler K, Zenke M, et al. Transferrin-
polycation-mediated introduction of DNA into human leukemic cells: stimulation by agents that affect
the survival of transfected DNA or modulate transferrin receptor levels. Proc Natl Acad Sci USA
1990;87:4033-7.

40 Baru M, Axelrod JH, Nur I. Liposome-encapsulated DNA-mediated gene transfer and synthesis of
human factor IX in mice. Gene 1995;161:143-50.

41 Guy J, Drabek D, Antoniou M. Delivery of DNA into mammalian cells by receptor-mediated
endocytosis and gene therapy. Mol Biotechnol 1995;3:237-48.

42 Simoes S, Slepushkin V, Gaspar R, de Lima MC, Duzgunes N. Gene delivery by negatively
charged ternary complexes of DNA, cationic liposomes and transferrin or fusigenic peptides. Gene
Ther 1998;5:955-64.

43 Wagner E. Effects of membrane-active agents in gene delivery. Journal of Controlled Release
1998;53:155-8.

44 Prchla E, Plank C, Wagner E, Blaas D, Fuchs R. Virus-mediated release of endosomal content in
vitro: different behavior of adenovirus and rhinovirus serotype 2. J Cell Biol 1995;131:111-23.

45 von Ruden T, Stingl L, Cotten M, Wagner E, Zatloukal K. Generation of high-titer retroviral vectors
following receptor-mediated, adenovirus-augmented trans- fection. BioTechniques 1995;18:484-9.
46 Patijn GA, Lieber A, Schowalter DB, Schwall R, Kay MA. Hepatocyte growth factor induces
hepatocyte proliferation in vivo and allows for efficient retroviral-mediated gene transfer in mice.
Hepatology 1998;28:707-16.

47 Bosch A, McCray PB, Jr., Walters KS, Bodner M, Jolly DJ, van Es HH, et al. Effects of keratinocyte
and hepatocyte growth factor in vivo: implications for retrovirus-mediated gene transfer to liver. Hum
Gene Ther 1998;9:1747-54.

48 Burr AW, Toole K, Chapman C, Hines JE, Burt AD. Anti-hepatocyte growth factor antibody inhibits
hepatocyte proliferation during liver regeneration. J Pathol 1998;185:298-302.

49 Wu GY, Wilson JM, Shalaby F, Grossman M, Shafritz DA, Wu CH. Receptor-mediated gene
delivery in vivo. Partial correction of genetic analbuminemia in Nagase rats. J Biol Chem
1991;266:14338-42.

50 Kosai KI, Finegold MJ, Thi-Huynh BT, Tewson M, Ou CN, Bowles N, et al. Retrovirus-mediated in
vivo gene transfer in the replicating liver using recombinant hepatocyte growth factor without liver
injury or partial hepatectomy. Hum Gene Ther 1998;9:1293-301.

51 Kay MA, Landen CN, Rothenberg SR, Taylor LA, Leland F, Wiehle S, et al. In vivo hepatic gene
therapy: complete albeit transient correction of factor X deficiency in hemophilia B dogs. Proc Natl
Acad Sci USA 1994,91:2353-7.

52 Ferkol T, Lindberg GL, Chen J, Perales JC, Crawford DR, Ratnoff OD, et al. Regulation of the
phospho- enolpyruvate carboxykinase/human factor 1X gene introduced into the livers of adult rats by
receptor-mediated gene transfer. FASEB J 1993;7:1081-91.

53 Grompe M, Jones SN, Loulseged H, Caskey CT. Retroviral-mediated gene transfer of human
ornithine transcarbamylase into primary hepatocytes of spf and spf-ash mice. Hum Gene Ther
1992;3:35-44.

54 Forbes SJ, Themis M, Alison MR, Selden C, Coutelle C, Hodgson HJ. Retroviral gene transfer to
the liver in vivo during tri-iodothyronine induced hyperplasia. Gene Ther 1998;5:552-5.

55 Griesenbach U, Chonn A, Cassady R, Hannam V, Ackerley C, Post M, et al. Comparison between
intratracheal and intravenous administration of liposome-DNA complexes for cystic fibrosis lung gene
therapy. Gene Ther 1998;5:181-8.

56 Koeberl DD, Alexander IE, Halbert CL, Russell DW, Miller AD. Persistent expression of human
clotting factor 1X from mouse liver after intravenous injection of adeno-associated virus vectors. Proc
Natl Acad Sci USA 1997;94:1426-31.

57 Li S, Huang L. In vivo gene transfer via intravenous administration of cationic lipid-protamine-DNA
(LPD) complexes. Gene Ther 1997;4:891-900.



58 Schiedner G, Morral N, Parks RJ, Wu Y, Koopmans SC, Langston C, et al. Genomic DNA transfer
with a high-capacity adenovirus vector results in improved in vivo gene expression and decreased
toxicity [published erratum appears in Nat Genet 1998 Mar;18(3):298]. Nat Genet 1998;18:180-3.

59 Topf N, Worgall S, Hackett NR, Crystal RG. Regional 'pro-drug’' gene therapy: intravenous
administration of an adenoviral vector expressing the E. coli cytosine deaminase gene and systemic
administration of 5-fluorocytosine suppresses growth of hepatic metastasis of colon carcinoma. Gene
Ther 1998;5:507-13.

60 Takakura Y. [Drug delivery systems in gene therapy]. Nippon Rinsho - Japanese Journal of
Clinical Medicine 1998;56:691-5.

61 Emlen W, Rifai A, Magilavy D, Mannik M. Hepatic binding of DNA is mediated by a receptor on
nonparenchymal cells. Am J Pathol 1988;133:54-60.

62 Kawabata K, Takakura Y, Hashida M. The fate of plasmid DNA after intravenous injection in mice:
involvement of scavenger receptors in its hepatic uptake. Pharm Res 1995;12:825-30.

63 Platt N, Gordon S. Scavenger receptors: diverse activities and promiscuous binding of polyanionic
ligands. Chemistry & Biology 1998;5:R193-203.

64 Lew D, Parker SE, Latimer T, Abai AM, Kuwahara-Rundell A, Doh SG, et al. Cancer gene therapy
using plasmid DNA: pharmacokinetic study of DNA following injection in mice [see comments]. Hum
Gene Ther 1995;6:553-64.

65 Mahato RI, Kawabata K, Nomura T, Takakura Y, Hashida M. Physicochemical and
pharmacokinetic characteristics of plasmid DNA/cationic liposome complexes. J Pharm Sci
1995;84:1267-71.

66 Schellingerhout D, Bogdanov A, Jr., Marecos E, Spear M, Breakefield X, Weissleder R. Mapping
the in vivo distribution of herpes simplex virions. Hum Gene Ther 1998;9:1543-9.

67 Ziady AG, Ferkol T, Dawson DV, Perimutter DH, Davis PB. Chain length of the polylysine in
receptor-targeted gene transfer complexes affects duration of reporter gene expression both in vitro
and in vivo. J Biol Chem 1999;274:4908-16.

68 Huard J, Lochmuller H, Acsadi G, Jani A, Massie B, Karpati G. The route of administration is a
major determinant of the transduction efficiency of rat tissues by adenoviral . Gene Ther 1995;2:107-
15.

69 Yokoyama M, Zhang J, Whitton JL. DNA immunization: effects of vehicle and route of
administration on the induction of protective antiviral immunity. FEMS Immunology & Medical
Microbiology 1996;14:221-30.

70 Chao J, Chao L. Kallikrein gene therapy: a new strategy for hypertensive diseases.
Immunopharmacology 1997;36:229-36.

71 Carpenter DS, Minchin RF. Targeting of a cholecystokinin-DNA complex to pancreatic cells in vitro
and in vivo. Gene Ther 1998;5:848-54.

72 Reeves PT, Minchin RF, llett KF. Measurement of organ blood flow in the rabbit. Journal of
Pharmacological Methods 1988;20:187-96.

73 Yang L, Hwang R, Pandit L, Gordon EM, Anderson WF, Parekh D. Gene therapy of metastatic
pancreas cancer with intraperitoneal injections of concentrated retroviral herpes simplex thymidine
kinase vector supernatant and ganciclovir. Ann Surg 1996;224:405-14; discussion 414-7.

74 Gahery-Segard H, Molinier-Frenkel V, Le Boulaire C, Saulnier P, Opolon P, Lengagne R, et al.
Phase | trial of recombinant adenovirus gene transfer in lung cancer. Longitudinal study of the
immune responses to transgene and viral products. J Clin Invest 1997;100:2218-26.

75 Molnar-Kimber KL, Sterman DH, Chang M, Kang EH, EIBash M, Lanuti M, et al. Impact of
preexisting and induced humoral and cellular immune responses in an adenovirus-based gene
therapy phase | clinical trial for localized mesothelioma. Hum Gene Ther 1998;9:2121-33.

76 Smith CA, Woodruff LS, Rooney C, Kitchingman GR. Extensive cross-reactivity of adenovirus-
specific cytotoxic T cells. Hum Gene Ther 1998;9:1419-27.

77 Connelly S, Mount J, Mauser A, Gardner JM, Kaleko M, McClelland A, et al. Complete short-term
correction of canine hemophilia A by in vivo gene . Blood 1996;88:3846-53.

78 Sullivan DE, Dash S, Du H, Hiramatsu N, Aydin F, Kolls J, et al. Liver-directed gene transfer in
non-human primates. Hum Gene Ther 1997;8:1195-206.

79 Anwer K, Shi M, French MF, Muller SR, Chen W, Liu Q, et al. Systemic effect of human growth
hormone after intramuscular injection of a single dose of a muscle-specific gene medicine. Hum Gene
Ther 1998;9:659-70.

80 Jooss K, Turka LA, Wilson JM. Blunting of immune responses to adenoviral vectors in mouse liver
and lung with CTLA4Ig. Gene Ther 1998;5:309-19.

81 Russell DW, Alexander IE, Miller AD. DNA synthesis and topoisomerase inhibitors increase
transduction by adeno-associated virus vectors. Proc Natl Acad Sci USA 1995;92:5719-23.



82 Zhang HG, Zhou T, Yang P, Edwards CK, 3rd, Curiel DT, Mountz JD. Inhibition of tumor necrosis
factor alpha decreases inflammation and prolongs adenovirus gene expression in lung and liver. Hum
Gene Ther 1998;9:1875-84.

83 Gossen M, Bujard H. Tight control of gene expression in mammalian cells by tetracycline-
responsive. Proc Natl Acad Sci USA 1992;89:5547-51.

84 Yin DX, Schimke RT. BCL-2 expression delays drug-induced apoptosis but does not increase
clonogenic survival after drug treatment in HelLa cells. Cancer Res 1995;55:4922-8.

85 Alvarez-Vallina L, Agha-Mohammadi S, Hawkins RE, Russell SJ. Pharmacological control of
antigen responsiveness in genetically modified T lymphocytes. J Immunol 1997;159:5889-95.

86 Saitoh Y, Eguchi Y, Hagihara Y, Arita N, Watahiki M, Tsujimoto Y, et al. Dose-dependent
doxycycline-mediated adrenocorticotropic hormone secretion from encapsulated Tet-on
proopiomelanocortin Neuro2A cells in the subarachnoid space [see comments]. Hum Gene Ther
1998;9:997-1002.

87 Yao F, Svensjo T, Winkler T, Lu M, Eriksson C, Eriksson E. Tetracycline repressor, tetR, rather
than the tetR-mammalian cell transcription factor fusion derivatives, regulates inducible gene
expression in mammalian cells. Hum Gene Ther 1998;9:1939-50.

88 Chen J, Bezdek T, Chang J, Kherzai AW, Willingham T, Azzara M, et al. A glial-specific,
repressible, adenovirus vector for brain tumor gene therapy. Cancer Res 1998;58:3504-7.

89 S AM, Hawkins RE. Efficient transgene regulation from a single tetracycline-controlled positive
feedback regulatory system. Gene Ther 1998;5:76-84.

90 Massie B, Couture F, Lamoureux L, Mosser DD, Guilbault C, Jolicoeur P, et al. Inducible
overexpression of a toxic protein by an adenovirus vector with a tetracycline-regulatable expression
cassette. J Virol 1998;72:2289-96.

91 Hu SX, JiW, Zhou Y, Logothetis C, Xu HJ. Development of an adenovirus vector with tetracycline-
regulatable human tumor necrosis factor alpha gene expression. Cancer Res 1997;57:3339-43.

92 Haberman RP, McCown TJ, Samulski RJ. Inducible long-term gene expression in brain with
adeno-associated virus gene transfer. Gene Ther 1998;5:1604-11.

93 Ghersa P, Gobert RP, Sattonnet-Roche P, Richards CA, Merlo Pich E, Hooft van Huijsduijnen R.
Highly controlled gene expression using combinations of a tissue-specific promoter, recombinant
adenovirus and a tetracycline-regulatable transcription factor. Gene Ther 1998;5:1213-20.

94 Rendahl KG, Leff SE, Otten GR, Spratt SK, Bohl D, Van Roey M, et al. Regulation of gene
expression in vivo following transduction by two separate rAAV vectors. Nat Biotechnol 1998;16:757-
61.

95 Harding TC, Geddes BJ, Murphy D, Knight D, Uney JB. Switching transgene expression in the
brain using an adenoviral tetracycline-regulatable system [see comments]. Nat Biotechnol
1998;16:553-5.

96 Bohl D, Naffakh N, Heard JM. Long-term control of erythropoietin secretion by doxycycline in mice
transplanted with engineered primary myoblasts [see comments]. Nat Med 1997;3:299-305.

97 Harding TC, Geddes BJ, Murphy D, Knight D, Uney JB. Switching transgene expression in the
brain using an adenoviral tetracycline-regulatable system [see comments]. Nat Biotechnol
1998;16:553-5.

98 Suzuki M, Singh RN, Crystal RG. Ability of a chimeric cAMP-responsive promoter to confer
pharmacologic control of CFTR cDNA expression and cAMP-mediated Cl- secretion. Gene Ther
1997;4:1195-201.

99 Lu D, Tamemoto H, Shibata H, Saito I, Takeuchi T. Regulatable production of insulin from primary-
cultured hepatocytes: insulin production is up-regulated by glucagon and cAMP and down-regulated
by insulin. Gene Ther 1998;5:888-95.

100 Suzuki M, Singh RN, Crystal RG. Regulatable promoters for use in gene therapy applications:
modification of the 5'-flanking region of the CFTR gene with multiple cAMP response elements to
support basal, low-level gene expression that can be upregulated by exogenous agents that raise
intracellular levels of cAMP. Hum Gene Ther 1996;7:1883-93.

101 Ogawa N, Fujiwara T, Kagawa S, Nishizaki M, Morimoto Y, Tanida T, et al. Novel combination
therapy for human colon cancer with adenovirus-mediated wild-type p53 gene transfer and DNA-
damaging chemotherapeutic agent. Int J Cancer 1997;73:367-70.

102 Dorigo O, Turla ST, Lebedeva S, Gjerset RA. Sensitization of rat glioblastoma multiforme to
cisplatin in vivo following restoration of wild-type p53 function. J Neurosurg 1998;88:535-40.

103 Nguyen DM, Spitz FR, Yen N, Cristiano RJ, Roth JA. Gene therapy for lung cancer:
enhancement of tumor suppression by a combination of sequential systemic cisplatin and adenovirus-
mediated p53 gene transfer. J Thorac Cardiovasc Surg 1996;112:1372-6; discussion 1376-7.

104 Son K. Cisplatin-based interferon gamma gene therapy of murine ovarian carcinoma. Cancer



Gene Ther 1997;4:391-6.

105 Cheon J, Ko SC, Gardner TA, Shirakawa T, Gotoh A, Kao C, et al. Chemogene therapy:
osteocalcin promoter-based suicide gene therapy in combination with methotrexate in a murine
osteosarcoma model. Cancer Gene Ther 1997;4:359-65.

106 LeMay DR, Kittaka M, Gordon EM, Gray B, Stins MF, McComb JG, et al. Intravenous RMP-7
increases delivery of ganciclovir into rat brain tumors and enhances the effects of herpes simplex
virus thymidine kinase gene therapy. Hum Gene Ther 1998;9:989-95.

107 Rainov NG, Dobberstein KU, Heidecke V, Dorant U, Chase M, Kramm CM, et al. Long-term
survival in a rodent brain tumor model by bradykinin-enhanced intra-arterial delivery of a therapeutic
herpes simplex virus vector. Cancer Gene Ther 1998;5:158-62.

108 Park JY, Elshami AA, Amin K, Rizk N, Kaiser LR, Albelda SM. Retinoids augment the bystander
effect in vitro and in vivo in herpes simplex virus thymidine kinase/ganciclovir-mediated gene therapy.
Gene Ther 1997;4:909-17.

109 Mhashilkar AM, Biswas DK, LaVecchio J, Pardee AB, Marasco WA. Inhibition of human
immunodeficiency virus type 1 replication in vitro by a novel combination of anti-Tat single-chain
intrabodies and NF-kappa B antagonists. J Virol 1997;71:6486-94.

110 Potter MA, Hymus S, Stockley T, Chang PL. Suppression of immunological response against a
transgene product delivered from microencapsulated cells. Hum Gene Ther 1998;9:1275-82.

111 Lei D, Lehmann M, Shellito JE, Nelson S, Siegling A, Volk HD, et al. Nondepleting anti-CD4
antibody treatment prolongs lung-directed E1-deleted adenovirus-mediated gene expression in rats.
Hum Gene Ther 1996;7:2273-9.

112 DeMatteo RP, Markmann JF, Kozarsky KF, Barker CF, Raper SE. Prolongation of adenoviral
transgene expression in mouse liver by T lymphocyte subset. Gene Ther 1996;3:4-12.

113 Manning WC, Zhou S, Bland MP, Escobedo JA, Dwarki V. Transient immunosuppression allows
transgene expression following readministration of adeno-associated viral vectors. Hum Gene Ther
1998;9:477-85.

114 Stein CS, Pemberton JL, van Rooijen N, Davidson BL. Effects of macrophage depletion and anti-
CD40 ligand on transgene expression and redosing with recombinant adenovirus. Gene Ther
1998;5:431-9.

115 Scaria A, St George JA, Gregory RJ, Noelle RJ, Wadsworth SC, Smith AE, et al. Antibody to
CD40 ligand inhibits both humoral and cellular immune responses to adenoviral vectors and facilitates
repeated administration to mouse airway. Gene Ther 1997;4:611-7.

116 Guibinga GH, Lochmuller H, Massie B, Nalbantoglu J, Karpati G, Petrof BJ. Combinatorial
blockade of calcineurin and CD28 signaling facilitates primary and secondary therapeutic gene
transfer by adenovirus vectors in dystrophic (mdx) mouse. J Virol 1998;72:4601-9.

117 Kay MA, Meuse L, Gown AM, Linsley P, Hollenbaugh D, Aruffo A, et al. Transient
immunomodulation with anti-CD40 ligand antibody and CTLA4lg enhances persistence and
secondary adenovirus-mediated gene transfer into mouse liver. Proc Natl Acad Sci USA
1997;94:4686-91.

118 Kay MA, Holterman AX, Meuse L, Gown A, Ochs HD, Linsley PS, et al. Long-term hepatic
adenovirus-mediated gene expression in mice following CTLA4lg administration. Nat Genet
1995;11:191-7.

119 Wilson CB, Embree LJ, Schowalter D, Albert R, Aruffo A, Hollenbaugh D, et al. Transient
inhibition of CD28 and CD40 ligand interactions prolongs adenovirus-mediated transgene expression
in the lung and facilitates expression after secondary vector administration. J Virol 1998;72:7542-50.
120 Halbert CL, Standaert TA, Wilson CB, Miller AD. Successful readministration of adeno-associated
virus vectors to the mouse lung requires transient immunosuppression during the initial exposure. J
Virol 1998;72:9795-805.

121 Sawchuk SJ, Boivin GP, Duwel LE, Ball W, Bove K, Trapnell B, et al. Anti-T cell receptor
monoclonal antibody prolongs transgene expression following adenovirus-mediated in vivo gene
transfer to mouse synovium. Hum Gene Ther 1996;7:499-506.

122 Howell JM, Lochmuller H, O'Hara A, Fletcher S, Kakulas BA, Massie B, et al. High-level
dystrophin expression after adenovirus-mediated dystrophin minigene transfer to skeletal muscle of
dystrophic dogs: prolongation of expression with immuno-suppression. Hum Gene Ther 1998;9:629-
34.

123 llan Y, Droguett G, Chowdhury NR, Li Y, Sengupta K, Thummala NR, et al. Insertion of the
adenoviral E3 region into a recombinant viral vector prevents antiviral humoral and cellular immune
responses and permits long-term gene expression. Proc Natl Acad Sci USA 1997;94:2587-92.

124 Smith TA, White BD, Gardner JM, Kaleko M, McClelland A. Transient immunosuppression
permits successful repetitive intravenous administration of an adenovirus vector. Gene Ther



1996;3:496-502.

125 Cichon G, Strauss M. Transient immunosuppression with 15-deoxyspergualin prolongs reporter
gene expression and reduces humoral immune response after adenoviral gene. Gene Ther
1998;5:85-90.

126 Bouvet M, Fang B, Ekmekcioglu S, Ji L, Bucana CD, Hamada K, et al. Suppression of the
immune response to an adenovirus vector and enhancement of intratumoral transgene expression by
low-dose etoposide. Gene Ther 1998;5:189-95.

127 Halbert CL, Standaert TA, Aitken ML, Alexander IE, Russell DW, Miller AD. Transduction by
adeno-associated virus vectors in the rabbit airway: efficiency, persistence, and readministration. J
Virol 1997;71:5932-41.

128 Jooss K, Yang Y, Wilson JM. Cyclophosphamide diminishes inflammation and prolongs
transgene expression following delivery of adenoviral vectors to mouse liver and lung. Hum Gene
Ther 1996;7:1555-66.

129 Oligino T, Poliani PL, Wang Y, Tsai SY, O'Malley BW, Fink DJ, et al. Drug inducible transgene
expression in brain using a herpes simplex virus vector. Gene Ther 1998;5:491-6.

130 Smith JD, Wong E, Ginsberg M. Cytochrome P450 1A1 promoter as a genetic switch for the
regulatable and physiological expression of a plasma protein in transgenic mice. Proc Natl Acad Sci
USA 1995;92:11926-30.

Received: April 19, 1999
Accepted: June 24, 1999

Correspondence to:

Rodney F. Minchin

Department of Pharmacology
University of Western Australia
Nedlands, WA 6907

Australia
rminchin@receptor.pharm.uwa.edu.au

Copyright © 1999 by the Croatian Medical Journal. All rights reserved. Created 22/7/99 - Last Modified 22/7/99
Created and maintained by: Tinman



