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SUMMARY
This article provides evidence that T lymphocytes may be cellular
vehicles for gene transfer in humans. The feasibility of using
lymphocytes has been tested initially in a murine model by
injecting transducted T lymphocytes into nude mice (athymic)
and demonstrating that the lymphocytes recovered from the .
spleens of the recipient mice continue to express the gene for
a prolonged period while retaining their function. The genes for
human adenosine deaminase (hADA) and neomycin resistance
were inserted into a non-transformed murine T cell line using
Maloney murine leukaemia virus based retroviral vector N2 and
its modified version-the SAX-vector. Sperm whole myoglobin
(SWM) specific murine T helper cell clone 14.1 used for gene
insertion was derived from the draining lymph nodes of a
B.1O.D2 mouse previously immunized with SWM. The cell
clone was maintained in vitro by repeated cycles of stimulation
with SWM in the presence of histocompatible antigen presenting
cells or stimulation with SWM in the presence of histocompatible
antigen presenting cells or stimulation with phytohaemagglutinin
(PHA) and recombinant interleukin-2 (rIL-2). To introduce
exogenous genes into these cells, they were cultured with
the SAX retroviral vector after antigenic or PHA and rIL-2
stimulation. The gene transducted cells were later expanded
by repeated cycles of stimulation. The selected and expanded
cells expressed a high concentration of neomycin phospho-
transferase and also produced hADA. In vitro the gene insertion,
selection and culture expansion did not alter either antigen
specificity or growth characteristics of the T cells. The SAX-
transducted 14.1 cells were injected intraperitoneally into nude
mice which were immunized with soluble SWM. Lymphocytes,
recovered from the spleens of these mice, 37 days after trans-
plantation, were tested for gene expression by electrophoretic
separation of endogenous murine ADA from the hADA. It was
observed that both the inserted genes were expressed in easily
detectable amounts. The recovered cells also retained their
original immune specificity as illustrated by the vigorous pro-
liferative response in vitro to challenge with their specific antigen
(SWM). The stability of the immune helper function of the gene
modified T cells was evidenced by the production of antibody
by the animals after SWM immunization.

Based on the observations in animals, the authors studied
tumour infiltrating lymphocytes (T1L) that were obtained from
tumour biopsies of patients with metastatic melanoma and
grown in culture. Exponential culture of interleukin-2 stimulated
T1L was transducted with the neomycin resistance gene using
the retroviral vector N2. Gene insertion and subsequent
selection did not alter the growth characteristics, IL-2 depen-
dence, membrane phenotype or cytotoxicity profile of the
transducted T cells. This experimental evidence supports the
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rationale of clinical trials of gene therapy using lymphocytes in
severe combined immune compromise caused by ADA deficiency
and in adult patients with cancer.

COMMENT
The concept of gene therapy resulted from the knowledge
that certain classes of tumour viruses can carry out
heritable and stable introduction of functionally new
genetic information into mammalian cells. Strategies
proposed included replacement of a mutant gene sequence
with a normal functional gene, correcting the mutant gene
sequence, or modifying the expression of mutant genes in
defective cells by introducing exogenous normal genetic
sequences. The last of these has provided the most
promising model. 1 Among the various methods for gene
transfer into mammalian cells, virus vectors have proven
to he superior to physical and chemical methods. The
most useful vectors have been derived from murine and
avian retroviruses. Retroviruses have a high efficiency of
infection, structurally and functionally stable integration
and are capable of expression of the transferred gene in
most cells.? In early studies, a pluripotent stem cell from
an easily accessible site, such as bone marrow, appeared
to be the most attractive choice for transfection and
in vitro delivery. The execution of this idea proved
formidable as it is difficult to get a sufficient quantity of
stem cells and to infect them with retroviruses. Moreover,
the infected cells matured and stopped expressing the
genes after a few weeks. These observations led to a
search for other types of accessible cells such as lympho-
cytes and endothelial cells, to deliver the genes.

The authors of this article have been at the forefront
of transferring gene therapy from the laboratory to the
bedside. Over the years their laboratory has emerged as
one of the leaders in this field. In 1986, they reported a
test-tube 'cure' for adenosine deaminase deficiency, a
single gene detect.' In 1989 they reported on the efficacy
of retroviral mediated transfer of the adenosine deaminase
gene and subsequent gene expression in endothelial
cells." This was followed by the first authorized gene
transfer experiment using tumour infiltrating lympho-
cytes in a patient with advanced melanoma (after a long
and frustrating period which consisted of passing the
intense scrutiny of review and ethics committees and
clearing legal hurdles). It was however one step away
from actual gene therapy since the tranducted gene (for
neomycin resistance) was not one which would provide a
therapeutic effect. This article bring us yet another step
closer towards human clinical trials of the usefulness
of gene therapy in children with adenosine deaminase
deficiency and adult patients with cancer.

The data presented demonstrate both the suitability of
T lymphocytes for stable expression of the human ADA
gene and their in vitro survival in the host for a sufficient
period of time. The ready availability of lymphocytes
from peripheral blood, the ease of manipulating them in
tissue culture and their ability to stably accept the trans-
ferred genes are features which make lymphocytes
attractive cellular vehicles for gene therapy. Tissue
culture methods offer the advantage of expansion of the
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transducted cells, their selection and also of testing the
properties of the cells before transplantation.

Although the observations raise expectations, the
suitability of this method will ultimately be decided after
evaluation of its safety in clinical trials. Retroviral vectors
have the disadvantage that they integrate into random
sites in the cell genome, which can lead to occasional
mutagenesis leading to malignant transformation of the
cell.' Another uncertainty is with respect to the control
of gene expression which, if inappropriate either in
quantity or in time, can interfere with successful clinical
applications.' However, the history of medicine is replete
with reports of therapeutic procedures performed with
imperfect knowledge, when clinical necessity outweighed
technical uncertainty and imperfection.
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SUMMARY
The status of the blood-brain barrier (BBB) was examined
following short-term forced swimming (FS) exercise in young
rats (age 8 to 9 weeks, 80 to 90 g). Subjecting the animals to
continuous FS for 30 minutes increased the permeability of
the BBB to Evans blue albumin (EAB) and IJ31-sodium in the
5 and 8 brain regions. Extravasation of the tracers was most
pronounced in the cerebellum followed by the cerebral cortex.
EBA staining was confined mainly to the posterior cingulate
cortex, parietal and occipital cortices, whole cerebellar vermis
and the rnediolateral cerebellar cortices as well as the dorsal
surface of the hippocampus. In addition to these regions of the
brain, the permeability of the BBB to Il31-sodium extended
to the caudate nucleus, thalamus and hypothalamus. At
30 minutes, the serotonin (5-hydroxytryptamine; 5-H1J content
in plasma and brain showed a profound increase of about 150%
and 250% respectively above that of the control values. Pre-
treatment with p-chlorophenylalanine (p-CPA), a serotonin
synthesis inhibitor, prevented both the increased permeability
of the BBB and the rise in plasma and brain 5-HT level. How-
ever, prior treatment with cyproheptadine, (a 5-HT2 receptor
antagonist) prevented only the increased permeability. The
5-HT level continued to remain high. These results suggest that
short-term FS increases BBB permeability in specific brain
regions. This increased permeability appears to be mediated
through serotonin via the 5-HT2 receptors.
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COMMENT
The selective entry of chemicals into the brain is controlled
by the BBB. Generally, the molecules that are small, lipid
soluble, less polar or are mediated by some transport
systems have easy entry into the brain. The BBB is
developed and complete in adult animals. Its functions
are: (i) maintenance of constancy of the environment of
the neuron by maintaining the optimum ionic concentra-
tions of K+, Ca+", Mg++, H+ and other essential ions;
(ii) protection of the brain against endogenous and
exogenous toxins; and (iii) prevention of the escape of
neurotransmitters into the general circulation. The
permeability of the BBB is altered in various stressful
situations.'

In this communication the status of the BBB was
examined following short-term forced swimming (FS).
The effect of stress after FS in animals was examined and
BBB permeability was measured using Evans blue and
Jl31-sodium. The serotonin (5-HT) levels in the serum
and brain were also measured. Subsequently, two drugs,
p-CP A and cyproheptadine were administered in order to
study their effects on serotonin levels and BBB per-
meability. The report suggests that FS increases BBB
permeability to the acid dye, Evans blue and to a protein
tracer 1l3l-sodium in specific brain regions which appears
to be mediated through serotonin (5-HT) via 5-HT2
receptors. This increase in BBB permeability was
apparently confined to specific brain regions associated
with the swimming mechanism. All the alterations were
associated with time which in this case was 30 minutes and
were found to be transitory in nature. In 'immobilized'
rats there is a variation of catecholamine (CA) levels in
CA synthesizing brain nuclei which correlates with blood
pressure changes.? It was also observed that 'immobility'
produced by FS was reduced by drugs which increase
central dopaminergic and e-adrenergic activity, but
was less affected by drugs which act mainly on central
serotonin.t-'


