





V.W. PENTREATH, P.J. BAUGH & D.R. LAVIN

(1992). More recently, comparative accounts of the
nervous system in African and South American tryp-
anosomosis have been made (Villanueva 1993;
Pentreath 1994b). The purpose of this paper is to
discuss certain areas and recent developments

which may point the way in understanding the C 5
involvement in African sleeping sickness.

STRUCTURAL AND INFLAMMATORY CHANGES

The different strains of T. brucei occupy the meninges
fairly soon after infection, producing the meningitis.
A key stage in the pathology is the injury to the chor-
oid plexus, with trypanosomes filling the stromal
spaces and with obvious evidence of damage to the
epithelium. This has been noted in several studies
with T. b. gambiense and T. b. rhodesiense in rodents
and primates (Van Marck, Le Ray, Beckers, Jact ,
Wery & Gigase 1981; Rudin, Poltera & Jenni 1983;
Schmidt 1983). Some features of the damage are
lustrated in Fig. 1 and 2, which are from our unpub-
lished studies with T. b. brucei in mice. The parasites
have access to the cerebrospinal fluid (CSF) and,
subsequently, via the sub-arachnoidal spaces, to
the perivascular extensions (Virchow-Robin spaces)
which extend into the brain. It seems likely thatt
is a determinant in the progression from mening
to encephalitis, with the development of the peri-
vascular infiltrations (cuffing) in the brain (Green-
wood & Whittle 1980; Schmidt 1983; Adams, Haller,
Boa, Doua, Dago & Konian 1986). Human CSF is
not, however, a very favourable medium for parasite
survival (Pentreath, Owolabi & Doua 1992). The infil-
trations in the meninges and perivascular cuffs con-
tain large numbers of B-lymphocytes and plasma
cells, morular cells (Mott cells) and macrophages
(Greenwood & Whittle 1980).

Of particular significance is the hyperplasia and re-
active changes in the astrocytes and microglial cells,
also associated with the cuffs in both man (Adams
et al. 1986) and rodents (Stevens & Moulton 1977),
which are discussed further below.

The parasite may enter the CNS parenchyma. This
does not appear to be a widespread influx, compar-
able to that in lymphoid or connective tissue, except
in some terminal disease states. In the rodent model,
trypanosomes selectively enter areas with a reduced
blood-brain barrier (e.g. pineal, area postrema and
circumventricular organs) at relatively early stages
of the infection and it has been suggested that this
may lead to the disturbed rhythms and neuro-endo-
crine dysfunctions (Schultzberg, Ambatsis, Samuels-
son, Kristensson & Van Meirvenne 1988). The rela-
tionship between the extravascular spread of para-
sites and the reduced blood-brain barrier might be
due to access of signalling substances which pro-
I e parasite entry and _ wth, rather than easier

physical access. A likely substance is interferon-y
(IFN-y), which has been shown to enhance growth
of T. b. brucei in lymphoid tissue and possibly in dor-
sal root g glia (Bakheit 1993), and which may be
released from CD8" T-cells which infiltrate the same
brain areas (Schultzberg, Olsson, Samuelsson, Maeh-
len & Kristensson 1989).

The pituitary is also damaged by the parasites. in
sheep and rodents, for example, T. b. brucei causes
extensive  mage to the microvasculature and pene-
trates extravascularly (Ikede & Losos 1975; Schultz-
bergetal. 1988). T. congolense causes focal degen-
erative changes in the pituitary of cattle, but in con-
trastto T. brucei, does not penetrate the nerve tissue
(Abebe, Shaw & Eley 1993).

Recent studies with the rodent model and T. b. bru-
cei have additionally shown that there is progressive
damage to the blood-brain barrier. Tracer substances,
which in normal rats cannot cross the barrier, can
pass freely to many brain areas in the late stages of
the disease. At the same time, there are progressive
decreases in brain-density, increases in brain-sodium
and some reduction in brain-potassium levels which
show that widespread vasogenic oedema is occur-
ring (Philip, Dascombe, Fraser & Pentreath 1994, un-
published data).

Thus, the data from a number of studies made chief-
ly on experimental animal models, show that African
trypanosomosis causes multiple pathological changes
in the structure of the CNS. These descriptions pro-
vide some insights into the inflammatory changes in
the nerve tissue, which accompany the disease. How-
ever, for an understanding of the mechanisms under-
lying the neurological manifestations, a knowledge
of the immune changes in the CNS must also be ob-
tained.

IMMUNE CHANGES

Although the mammalian CNS was traditionally con-
sidered an "immune privileged" site, this view is rap-
idiy changing, since it is now appreciated that the tis-
sue can mount effective immune responses (Benven-
iste 1993). These may frequently be of a suppressive
nature, presumably to protect & iinst inflammatory
damage. However, there is eviaence that a number
of infections and disease states (e.g. viral infections
and multiple sclerosis) may induce immunopathologi-
cal changes, with, e.g., over-production of cytokines
which, in turn, may lead to aggravated pathology
(Benveniste 1993). There is, moreover, much to be
learnt about the general nature of the immune
changes in nerve tissue, and this restricts the inter-
pretation for sleeping sickness.

A striking situation regarding the brain immunopath-
ology concerns the post-treatment encephalopathy
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which occurs in approximately 5 % of late-stage pa-
tients treated with melarsoprol. In  gse cases, there
appears to be a violent inflammatory response in the
CNS, leading to convulsions, coma and death a few
days following treatment. This reaction could be due
to the massive release of antigenic material from the
parasites killed inside the brain attaching to the brain
cells, which become a target for the immune response
(Pepin & Milord 1991). Alternatively, the response
may be due to the incomplete  ing of trypanosomes
behind the blood-brain barrier, which then provoke
the reactive encephalopathy (Jennings, Hunter, Ken-
nedy & Murray 1993).

Neuro-immune changes are an obvious feature during
the acute and chronic infections and studies have
been aimed at unravelling these. The cellular changes
already summarized above, include perivascular cuf-
fing with B-cells (mainly plasma cells), morular cells,
activated T-cells, macrophages and reactive astro-
cytes and microglia. In the areas of reduced blood-
brain barrier which are selectively penetrated by tryp-
anosomes, there may be induction of major histo-
compatability complex (MHC) class | antigen expres-
sion associated with the infiltration of macrophages
and T-cells (Schulizberg et al. 1989). Other aspects
of the immunopathology have recently been discuss-
ed by Hunter & Kennedy (1992), and will be only
briefly mentioned here. Firstly, immune complexes
between trypanosome antigens and antibodies could
be deposited in the CNS, leading to complement ac-
tivation and vascular damage (Poltera 1980; Lam-
bert, Berney & Kazyumba 1981). This suggestion has
not, however, been supported by others (see Hunter
& Kennedy 1992). Secondly, auto-antibodies may be
generated against a range of CNS tissue structures
in humans and animals. These include myelin com-
ponents and gangliosides (Asonganyi, Lando & Ngu
1989; Amevigbe, Jauberteau-Marchan, Bouteille,
Doua, Breton, Nicolas & Dumas 1992; Hunter, Jen-
nings, Tierney, Murray & Kennedy 1992b), as well
as antibodies against the neurons in different brain
regions (Poltera 1980). The antibodies against myelin
may be associated with the demyelination observed
in some late-stage cases (Dumas & Boa 1988).
However, caution must again be exercised, since the
auto-antibodies may be the result of the damage
caused by the parasites, rather than its cause.

A new area of growing importance concerns the
neuroglial cells with immune accessory functions, in
particular the astrocytes. These cells may help co-
ordinate immune responses in the CNS via the cyto-
kine/mediator network. Some aspects of their re-
sponses in trypanosomiasis are discussed further.

Roles of astrocytes

Astrocytes make up approximately half the volume
of grey matter in the CNS and may outnumber the
neurons. The cells are multifunctional inways™ ch
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are generally supportive or protective of the neurons.
If the CNS is damaged by physical, microbial or
chemical insults, astrocytes may respond by a set-
back of reactions called reactive gliosis. This consists
of a complex, graded alteration in phenotype with a
large range of structural and metabolic alterations
(Eddleston & Mucke 1993). Although the significance
of many of the reactive changes are at present a
mystery. they include altered expression and secre-
tion (ge1  ally increased) in a range of growth fac-
tors, cytokines and mediator substances, and altered
cell contact/recognition properties (e.g. increased
MHC class | and class Il expression), which have
immune-accessory properties (Hertz, McFarlin &
Waksman 1990). The astrocytes act in harmony with
the endothelial cells, microglia and lymphocytes to
regulate the inflammatory responses in nerve tissue.

It is well known that reactive astrogliosis is a hall-
mark of the chronic inflammation which accompanies
African sleeping sickness (Stevens & Moulton 1977;
Adams et al. 1986; Anthoons, Van Marck, Gigase &
Stevens 1989), and it was suggested that the astro-
cytes might control the CNS inflammatory responses
(Pentreath 1989). Studies with mice have shown that
astrocyte activation can precede the chronic inflam-
matory changes and that there is increased expres-
sion in the brain (presumed partly in astrocytes) of
mMRNA for several cytokines which can activate dif-
ferent components of the immune response (Hunter,
Gow, Kennedy, Jennings & Murray 1991; Hunter,
Jennings, Kennedy & Murray 1992a). These are
summarized in Table 1. In relation to these findings
it is important to note that difluoromethylornithine

TABLE 1 Cytokine mRNA in brains of mice infected with Trypano-
soma brucei brucei

Cytokine Control Day 21 p.i. | Post-treatment
encephalitis
Interleukin-1 o* + + ++
Interleukin-2 — — —
Interleukin-4 - — "
Interleukin-6* — + —
Interferon-y - + -
Macrophage - + +
inflammatory
protein-1
Tumour necrosis — + i+
factor-o*

* Cytokines produced by astrocytes. Data from Hunter et al.
(1991; 1992a)

+ Significant increase

- Significant decrease
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induce astrocyte and microglial activation. This, in
turn, leads to the chronic inflammatory state, with
lymphocyte/macrophage infiltration, and damage to
the blood-brain barrier. The alterations in the ¢ -
kine/mediator levels in the brain underly the channes
in behaviour with, e.g. hypersomnia induced by e
elevated prostaglandins.
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