
Editor ia ls
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Gene therapy, a notion once considered fantastical, is today a very

real part of modern medicine. However, as clinical trials began,

complications were encountered that cast doubt on the excitement.

The extraordinary progress of human genetic research during the

past three decades has led to the characterization of most common

single gene disorders as well as many uncommon ones. As soon as

the first single gene defects were defined, the notion of gene

therapy was proposed. Namely, if a normal wild-type gene could be

effectively delivered to the right cells, then the disease, which is due

to a single gene defect, can be cured [1]. Unfortunately, the first

attempt at gene therapy, undertaken 20 years ago, where the b

globin gene was injected into a patient with b-thalassemia, failed

because it was not based on an understanding of gene regulation.

It soon became clear that identifying a gene sequence and a

disease-causing mutation was not a sufficient basis for gene

therapy. Understanding gene regulation and maintaining its activity

are crucial for successful gene therapy. One of the main obstacles

was the location of effective vectors that can enter the desired cell.

The target cell can either be in culture, thereby allowing ex vivo gene

transfer, or it can reside in organs or tumors, which would require in

vivo gene transfer [2]. A major setback to the in vivo trials occurred in

1999 when an 18 year old boy with ornitine transcarbamylase

deficiency died from hepatic failure several days after an adenovirus

vector was used to deliver potentially therapeutic DNA to the liver

[3].

Selected mammalian viruses have been engineered as viral

vectors to treat human diseases. These fall into two classes: those

that persist in the host and are therefore best suited for long-term

gene replacement therapies, and viruses that are solely lytic in

nature and thus provide powerful tools for the `̀ hit and run''

application for vaccination or tumor destruction [4].

In this issue of IMAJ, Touraine and colleagues [5] describe the

use of gene therapy as an option to control human immunodefi-

ciency virus infection. Although these are preliminary animal data,

it seems reasonable to believe that such an approach may be

feasible in the future in human subjects as well. Gene therapy is an

attractive option for inherited blood-borne diseases since gene

transfer into hematopoietic stem cells with self-renewal capacity

should lead to cure. In such trials the corrective gene can be

packaged into modified retroviruses, which can incorporate

themselves into the host cells' DNA. These retroviruses are stripped

of most of their viral genes to prevent them from causing dangerous

infections. Initial clinical trials using retroviral vectors to treat

severe combined immunodeficiency and other inherited immuno-

deficiency syndromes, including leukocyte adhesion deficiency and

chronic granulomatous disease, were hampered by very low levels

of gene transfer into the hematopoeitic stem cells [6]. Advances in

the technology ± such as using cytokines during the ex vivo infection

phase or using different culture medium and manipulating the

retrovirus vector ± enabled the French group led by Alain Fischer to

conduct the first successful gene therapy in 11 children with SCID

due to a common a-chain defect [7]. Recently, a combined effort

from Milan and Jerusalem cured two children with SCID due to

adenosine deaminase deficiency. In order to enhance engraftment

of the transduced CD34 stem cells these investigators also

administered a small amount of chemotherapy just before the

treatment [8].

Still, gene therapists cannot control where retroviral vectors

insert themselves. One of the main problems is that a vector could

disrupt important genes through `̀ insertional mutagenesis'' and, if

the gene involved is one that normally regulates cell growth and

division, cancer could result. Indeed, almost 3 years after therapy

was completed, with normal immune reconstitution, leukemia

developed in two patients from the French trial [9]. Significantly

elevated leukocyte counts were detected during routine examina-

tion, and further investigation showed the development of clonal T

cell proliferation. In both cases, the leukemia cells contained a

single intact copy of the retroviral vector that had integrated into

chromosome 11, near the promoter of the proto-oncogene LMO2,

triggering the patients' leukemia [4]. The two patients are currently

well and alive 2 years after cession of chemotherapy therapy [10].

Notably, in more than a decade, leukemia has not developed in any

patients enrolled in other trials that involved retroviral transduction

of stem cells. Better insight into leukemia pathogenesis is required

in order to assess and ultimately minimize the relative risk of this

complication in patients who receive gene therapy for blood cell

diseases [11].

SCID = severe combined immunodeficiency
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These two cases raised enormous concern about the future of

gene therapy. Many editorials [12] were written and several

committees were formed to deal with the future of gene therapy.

Of interest is the opinion of parents of children with SCID, a fatal

disease if not treated. If a suitable donor for bone marrow

transplantation exists, gene therapy should not be considered.

When there is no identical donor, parents feel strongly that having

the option to make an informed choice is better than having no

choice at all.

In the United States, the Federal Drug Administration put the

trials that use retroviruses for gene therapy for primary treatment of

SCID on temporary hold. Investigators were informed that in order

to resume trials they need to modify their consent forms to reflect

the real (not just hypothetical) risk of leukemia. They also need to

provide monitoring plans for such adverse events. To date, no new

case of SCID has been enrolled in such a study (J. Puck, personal

communication). However, the FDA has not shut down any trials

completely and has invited researchers to submit plans to proceed

with their protocols on a case by case basis, weighing risks and

benefits. Non-retroviral trials were not affected by the French

experience and many are ongoing, especially in cancer, neurologic

and cardiovascular areas.

To put the issue into perspective, we must remember that

chemotherapy, tissue transplantation and many surgical procedures

raised similar issues regarding risk to benefit assessment. We have

also always to remember Robert Ingersol's words [9]: `̀ In nature

there are no rewards or punishments, there are consequences.''
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Editorials

What walks on four feet in the morning, two at noon, and three in the evening?
Man, crawling on all fours in his infancy, walking upright in his prime, and
using a cane in his old age.

Oedipus, in the Riddle of the Sphinx. Oedipus, Sophocles' best-known tragedy, is the story of the king of Thebes who

unwittingly fulfilled the prophecy of the oracle at Delphi that he would kill his father and marry his mother.

Capsu le

Timeless of the circadian clock

Evolutionary conservation of the master circadian clock that

controls processes such as metabolism and behavior has been

debated. All but one of the core clock components, a transcrip-

tional regulator called Timeless, have been characterized as

essential in both mammals and Drosophila. Barnes et al. show

that a particular isoform of mammalian Timeless is required for

regulating the rhythmic activity of neurons that comprise this

principal timepiece in the rat brain. As in Drosophila, Timeless

associated with another clock component called Period in these

neurons. The findings prompt reconsideration of mammalian

clock composition and mechanism.
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