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for Human Parasitic Disease?
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he parasite Trypanosoma brucei (Figure

1) is a major problem for human health
and agriculture in regions of Africa (Figure
2). The expression of a trypanosome resis-
tance gene, ApoLl, in transgenic livestock
will soon be tested with the aim of reduc-
ing the susceptibility of a major reservoir for
this parasite. The success of such a project
will invariably lead some to consider such
an approach in human patients. Indeed, the
recent success of a number of somatic gene
therapy approaches to treat a variety of hu-
man diseases suggests that we may soon
possess the technology necessary for such
an undertaking. Although the idea of pro-
phylactic genetic modification in humans
may seem like science fiction today and
is certainly fraught with seemingly insur-
mountable ethical and technical hurdles, the
biomedical and medical ethics communities
should at least be prepared for such an idea
and its ramifications.

The genetic systems that define the
relationship between a host organism and its
parasite can be strikingly simple. For exam-
ple, the presence of a single gene encoding
primate apolipoprotein L1 (ApoL1) gives rise
to resistance of a potential host to infection
by T. brucei brucei. Uptake by the trypano-
some of the ApoLI gene product as part of
a high-density lipoprotein particle leads
to lysis of the invading parasite."! The pres-
ence of primate ApoLl1 is both sufficient and
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necessary for this resistance. Accordingly,
transgenic mice expressing human ApoL1
acquire resistance to the parasite,> and a
human patient who exhibited unexpected
susceptibility to T. b. brucei was found to ex-
press a frameshift mutation in both ApoLI
alleles.’ The ability of a different subspecies,
T. b. rhodesiense, to resist lysis by ApoLl in
humans is also dependent on the expression
of a single gene, encoding the serum resis-
tance-associated protein (SRA). Again, the
presence of the SRA gene is both sufficient
and necessary for growth of T. b. rhodesiense
in the presence of human serum. SRA binds
and neutralizes ApoL1.* Interestingly, it was
shown recently that mutations and inser-
tions introduced into the ApoLl gene can
prevent this interaction between SRA and
ApolLl, thereby conferring upon the host
trypanolytic activity toward both T. b. brucei
and T. b. rhodesiense.”

It has been known for some time that
certain species of baboon in East Africa are
resistant to infection by the T. brucei sub-
species. Thomson and colleagues recently
demonstrated that the presence of a baboon
ApoL1 transgene is sufficient for survival
of mice when challenged with either T. b.
brucei or T. b. rhodesiense. Unlike human
APOLI, which confers resistance only to T. b.
brucei, baboon ApoLl does not bind SRA,
thereby allowing the clearance of both sub-
species.® Very recently, an African-American
population was identified with mutations in
both alleles of the human APOLI gene that
are correlated with kidney disease in the
fourth decade of life. The mutations make
human APOLI more baboon-like, and as
predicted, plasma from these patients is able
tokill T. b. rhodesiense parasites.”® These mu-
tations occur quite frequently in populations
in West Africa and suggest that the molecu-
lar “arms race” between human APOLI and
trypanosomes continues to evolve. Impor-
tantly, heterozygotes for the mutant APOLI
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are protected from trypanosomiasis but do
not develop kidney disease, thereby provid-
ing a selective advantage.

In the case of human African trypano-
somiasis, the development of a vaccine
in the immediate or near future is highly
unlikely because of the sophisticated anti-
genic variation of the surface proteins of T.
brucei.’ Moreover, as C.C. Wang, the editor
of Eukaryotic Cell, lamented at the Kineto-
plastid Molecular Cell Biology conference
in Woods Hole, Massachusetts, no potent
therapeutic drug has emerged for this dis-
ease during the last several decades despite
the development of T. brucei as a model
organism and the publication of thousands
of studies. There are numerous promising
molecular targets, such as N-myristoyltrans-
ferase and proteins involved in RNA editing
that are unique to trypanosomes,'®" and yet
the design of effective drugs remains early in
its development.

The expression of a primate ApoLl
transgene in mice provided protection
against the parasite,” and so it seems pos-
sible that the expression of a baboon ApoL1
in transgenic livestock would protect against
infection with T. b. rhodesiense and T. b. bru-
cei.® This idea will be put to the test very
soon in the Chuma Cow project (Chuma is
Swahili for “strong”) (http://www.genomics.
livac.uk/tryps/index.html) (Figure 2). The
goal of this study is to determine whether
expression of a primate ApoLl transgene
in cattle will confer resistance to trypano-
some infection. The transgenic cows will
be screened for production of ApoLl and
will be challenged with Trypanosoma con-
golense, which is closely related to T. brucei.
The long-term goal is to replace cows in the
endemic regions (~10 million square miles)
of Africa with transgenic cattle through ex-
tensive breeding programs that maintain the
diversity of the existing breeds. T. b. rhode-
siense is zoonotic with two main reservoirs:
domestic cattle and large game animals.
The reduction or elimination of the main
domestic reservoir of this parasite in cattle
would represent a major advance against a
disease that continues to claim so many hu-
man lives and to cause huge economic hard-
ship owing to the limitations it imposes on
pastoral agriculture in the region.

As noted above, the human APOL1
protects against T. b. brucei but not T. b.
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Figure 1 Giemsa stained bloodstream
stages of Trypanosoma brucei

rhodesiense. Therefore, as a logical exten-
sion of the transgenic program in cattle,
could transgenic expression of the baboon
ApoLl in humans provide the basis for
counteracting T. b. rhodesiense infection?
As a proof of principle, one of us (J.R.)
showed recently that plasma transferred
from a mouse expressing baboon ApoLl
cured wild-type mice that had been in-
fected with T. b. rhodesiense (unpublished
data). Of course, the creation of “trans-
genic humans” is pure science fiction at
this point in time, for a host of technical
and ethical reasons. However, recent suc-
cesses in a number of gene therapy trials
treating a variety of human disorders, such
as X-linked and adenosine deaminase de-
ficiency—-associated severe combined im-
munodeficiency,'? a genetic form of retinal
degeneration," some forms of cancer," and
even a severe neurodegenerative disease'
demonstrate that expression of transgenes
in humans can provide therapeutic benefit
in some patients.

Even if expression of a baboon ApoLI
transgene in a human were to be shown
to provide protection against infection in
individual patients, applications of gene
transfer methods are limited at the present
time to the somatic cells of individual pa-
tients and are not feasible for wide-scale use
in populations for disease prevention. The
imprecision of all current methods of gene
transfer and the possibility of genomic dam-
age, even tumor development, from the de-
livery tools themselves or from incorrectly

regulated transgene expression make this
approach unfeasible at this time. Until vastly
improved gene transfer methods become
available, there will be a continuing need
for more traditional drug approaches to
the prevention of infection or symptomatic
treatment of patients already infected with
trypanosomes.

Even further in the future is the possibil-
ity that humans could be made resistant to
parasitic disease through human germline
modification and expression of a transgene
such as the baboon ApoLl. In fact, positive
selection for ApoLl genotypes conferring
such a resistance appears to already occur in
Africans.”® The possibility of human germline
manipulation has been widely debated, and
arguments in favor of such applications have
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usually been found wanting, both technically
and ethically.’s In contrast, the Chuma cow
study described above provides a mechanism
based on transgene expression inherited
through the germ line that has the potential
to alleviate livestock infection.

In his recent examination of the devel-
opment of personalized medicine,"” Francis
S. Collins noted that his own predictions for
the development of such new approaches in
medicine have all been surpassed. With that
in mind, one cannot help wondering wheth-
er genetic methods derived from gene ther-
apy concepts might eventually be applied to
broad programs of population-wide disease
prevention, such as for human African try-
panosomiasis and other devastating parasitic
diseases. For that to occur, the introduction

Figure 2.

Bread: Chuma—the Strong Cow. Sub-Saharan Africa is infested with tsetse flies

(green zone) that infect cattle and other animals such as cattle with African trypanosomes (see the
long slender cell in the image of the dead cow), resulting in a wasting disease that is fatal. Some
African primates are naturally resistant to these parasites. A baboon gene has been identified that,
when given transiently to mice, completely protects them from infection with trypanosomes. The
goal of this project is to determine whether this baboon gene can protect cattle, thereby allowing
the raising of cattle in the tsetse belt and thus aiding the smallholder farmer.
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of a prophylactic disease-resistance gene in
the foreseeable future would become pos-
sible only through improved, targeted, and
safer methods of wide-scale gene trans-
fer. Such improvements will almost surely
come, and therefore broad public health
applications toward parasitic disease pre-
vention may soon be considered to be closer
to reality than the pure science fiction that it
may seem at the time of this writing. Until
such a time, it is crucial to continue vigorous
drug development programs, with emphasis
on drugs that affect the expression or func-
tions of the genes that are known to affect
trypanosome infection susceptibility, such
as ApoLI and SRA.
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