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Gene therapy for cystic fibrosis: 
steady progress, should do well

E.W.F.W. Alton*, D.M. Geddes

In the early 1990s, when clinical gene therapy trials
were initiated for a number of diseases, including cys-
tic fibrosis (CF), there was great expectation both amongst
the general public and in some quarters of the scien-
tific and medical profession that this new form of treat-
ment would revolutionize medicine. Recently, a number
of articles have been published, with respect to a spec-
trum of diseases, showing less than encouraging data with
regard to such trials [1–5]. This has been accompanied
by a flurry of adverse publicity for gene therapy. The
aim of this editorial is to suggest that neither the initial
overexpectation, nor the present downturn of opinion,
have been justified in considering this new form of treat-
ment. It is well-recognized that a new therapeutic prod-
uct takes a decade or longer to move from the laboratory
to the patient. Gene therapy for CF has had a life span
of only half this time, and is already in phase I clinical
trials. We would suggest that the pace of progress has,
in fact, been exceptional in this field, and it is likely
that this will continue to be the case, if not distracted by
unreasonable expectations or predictable downturns.

Initial studies in vitro [6, 7], and subsequently in ani-
mal models in vivo [8, 9], have demonstrated the feasi-
bility of gene therapy for CF. Whilst a number of vector
systems are available to allow expression of a normal copy
of the cystic fibrosis transmembrane (conductance) regu-
lator (CFTR) gene, two (adenoviruses and cationic lipo-
somes) have received particular attention. At present,
only the lungs have been the target of gene therapy tri-
als, which is understandable in the light of the morbid-
ity and mortality related to this organ. Suitable assays
to measure the success or otherwise of such gene trans-
fer studies have been developed, focusing both on detec-
tion of messenger ribonucleic acid (mRNA) and protein,
as well as more specific assays for CFTR function. The
former have relied on conventional polymerase chain
reaction (PCR) and immunohistochemistry techni-ques.
The latter relate to the properties of this protein as a
chloride channel in the apical membrane of the respi-
ratory epithelium. This function can be measured both
in vivo and in vitro to provide an assay for the effica-
cy of gene transfer.

So far, four phase I clinical trials have been reported
in the literature, three using adenovirus [5, 10, 11], and
one using cationic liposome [12]. At least a further seven
trials are under way or have recently been completed.

The adenoviral trials have focused predominantly on the
nose but have also included the lung, whilst those using
liposomes have so far studied only the nasal epitheli-
um. The reason for the focus on the nose, an organ not
predominantly affected in CF, is that it provides easier
access both for gene transfer and for measurements,
demonstrates the bioelectric abnormality characteristic
of the disease, and represents an organ that is likely to
be safer for assessment of potential toxicity. The over-
all picture emerging from these studies is that, in the
nasal epithelium, approximately 50% of subjects demon-
strate the presence of either mRNA or protein produced
as a result of transfer of a normal copy of the CFTR
gene. With regard to the important functional endpoints,
approximately one third of patients can be shown to
demonstrate a degree of correction of the chloride abnor-
mality. With respect to safety, very few problems have
been encountered in the nasal epithelium. Importantly,
these conclusions are valid both for the adenoviral and
liposome-mediated trials, with very similar data. One
interim conclusion, therefore, is that in vivo in the nasal
epithelium neither system appears to outstrip the other
with respect to these characteristics.

With regard to the lower airways, the number of pati-
ents demonstrating successful gene transfer, as measured
by assessment of mRNA or protein, is somewhat less
than for the nasal epithelium, the former being around
30%. At the present time, no study has assessed func-
tional correction in the lung because of the lack of a
suitable assay for electrical measurements in this part
of the respiratory tract. As noted previously, it is only
adenoviral trials that have reached this portion of the
respiratory tree, and with regard to safety it is clear that
there is a dose-dependent toxic response related, in part,
to cytotoxic T-lymphocytes and the production of cyto-
kines. It is, perhaps, worth noting that delivery to the lung
has been either by nebulization or direct bronchoscop-
ic instillation. The latter will encourage peripheral pool-
ing, with an increased potential for dose-related damage.

Given the cloning of the CFTR gene in 1989, we con-
sider this bank of data to represent substantial and rapid
progress. Nevertheless, and not surprisingly, it is clear
that many problems exist. Firstly, gene transfer effi-
ciency is not high in vivo. Perhaps the most important
question relating to this is: How much is enough? Two
sets of experiments have been undertaken to try and
address this issue. Firstly, if we assume that in a mono-
layer of epithelial cells only a limited number will be
transfected, BOUCHER and co-workers [13] demonstrat-
ed that transfection of approximately 6–10% of a mono-
layer of CF cells with a normal copy of the CFTR gene
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produces maximal correction of the chloride abnormal-
ity of the whole sheet of cells. Secondly, if we assume
that all cells are transfected but to very low levels, our
own studies have demonstrated that approximately 5%
of normal CFTR mRNA is sufficient to correct the elec-
trical abnormality in CF mouse models [14]. This relates
to the nonlinear relationship between CFTR mRNA
and CFTR function, with, effectively, a small quantity
of mRNA producing large changes in chloride trans-
port and, in turn, in alterations in pathology. This find-
ing is in agreement with hypothetical considerations for
an autosomal recessive disease. Both these studies give
cause for guarded optimism and, perhaps, suggest that
even with low levels of transfection it may be possible
to produce clinical benefit.

The second key issue relates to possible toxicity.
Attention has focused, in particular, on the adenoviral
systems, given the documented dose-dependent prob-
lems described above. Again these problems are pre-
dictable in light of the body's response to a viral infection,
and a great deal of effort is being invested to reduce the
immunogenicity of newer generation adenoviral vectors.
This includes deletions of increasingly large regions of
the adenoviral genome, as well as attempts at manipu-
lating the immune system. So far, cationic liposomes
have not run into major problems, but clearly if enough
of a compound is deposited in the lungs, toxicity will
eventually ensue. In preparation for a lung trial using
cationic liposome, we have recently studied the effect
of the Genzyme lipid #67, in five increasing doses neb-
ulized into the lungs of normal volunteers, without not-
ing any safety problems.

A third issue relates to duration of expression and the
need for repeated application, a feature both of liposo-
mal and adenoviral-mediated delivery. The typical time
course for expression of the protein of perhaps a week
or so [12] has sometimes attracted critical comment.
This time course, in part, relates to the episomal nature of
these vector systems and the lack of stable integration
into the genome. Again, it is important to place these
data in the context of conventional pharmacological
agents, often given up to four times daily in CF patients.
Furthermore, the episodic nature of this delivery may
be a valuable safety feature, allowing treatment to be
started and stopped as required; the lack of integration,
with the potential for unknown mischief, is to be wel-
comed. Set against this is the need for repeated suc-
cessful expression, and this may, in particular, be a
problem for the adenoviral systems. It is clear from a
number of studies that neutralizing antibodies to the ade-
noviral coat protein are produced, and this is in inverse
relationship to the efficiency of gene expression. Again,
a great deal of effort is being put into solving this prob-
lem in a number of laboratories.

Clearly, it is the lung that requires treatment and it
will be important to have assay systems for measuring
the efficiency of CFTR expression within this organ. To
this extent, we have recently undertaken measurements
of lower airway potential difference (an index of chlo-
ride channel function) both in CF and non-CF subjects,
demonstrating that these two groups can be clearly dis-
criminated on the basis of this measurement. Furthermore,
we and other groups, are demonstrating the usefulness
of fluorescent and other intracellular indicators that can

be loaded into epithelial cells, removed from the patient,
and assayed for the efficiency of gene transfer ex-vivo
in the laboratory [15–16]. Finally, a number of groups
have reported that increased bacterial binding or via-
bility within the respiratory tract is characteristic of CF
tissues [17–19], and this may provide a further assay
system within the lower respiratory tract.

Another important and, perhaps, unexpected outcome
of such gene therapy studies has been the need for aca-
demic groups to liaise with industry. It has rapidly be-
come clear that, given the need for screening of a large
number of gene transfer agents, the communication with
regulatory and ethics bodies and, finally and impor-
tantly, the production of large quantities both of plas-
mid deoxyribonucleic acid (DNA) and gene transfer
agents are beyond the scope of academia. This has pro-
duced an important and interesting merger of academia
and industry, which, although initially perhaps difficult,
has probably benefited both. In this sense, gene thera-
py for cystic fibrosis can be seen as a pathfinder for a
number of other diseases to which this new technique
is potentially applicable. This is also the case for many
scientific aspects, for example elucidating the formula-
tions of DNA and liposomes needed for successful deliv-
ery to the lung, and the development of suitable clinical
protocols to assess the safety and efficacy of these stud-
ies [20]. We would, therefore, conclude that, contrary to
the present downturn of opinion with respect to gene ther-
apy, progress with cystic fibrosis has been rapid, encour-
aging and exciting. It is, and always was, an unrealistic
dream that 5 yrs on from the cloning of the gene patients
would be receiving benefit from this form of treatment.
Present problems are predictable, and are likely to be
soluble, given the effort being undertaken in numerous
laboratories worldwide. Rather than the gloomy and,
perhaps, rather dramatic coverage that gene therapy has
recently received, we would suggest that the present
report should read: "Steady progress, should do well".
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