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

It should have been difficult until relatively recently for immunologists to ascribe a sound biological reason for the

continued possession of the allergic phenotype in human populations. Nevertheless, for the past 20 years or so textbooks

of immunology have routinely exhibited fanciful and perhaps exaggerated diagrams as to how IgE and eosinophils killed

all helminth parasites. These diagrams were largely based on perhaps selective in vitro observations, and it is only now

that immunoparasitologists, working on human populations under arduous conditions in the field, are able to provide data

to corroborate these findings, and perhaps ascribe a useful purpose for a generally pathological immune response termed

Type I hypersensitivity. The present paper reviews much of this recent literature, and asks a number of pertinent questions

relating to the relationship between what we now know to be T-helper 2 lymphocyte-driven immunological responsiveness

and infections with parasitic helminths.
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

For clinical reasons, and for the sake of simplifying

a complex picture, the mammalian immune response

was categorized decades ago into 4 types of ‘hyper-

sensitivity’ (Coombs & Gell, 1963). The types of

hypersensitivity (there are now 5) described the

molecular and cellular components of immune

responses which led in many cases to the clinical

manifestation of disease, in which the immune

response was over-reactive or hyper-sensitive, lead-

ing to tissue damage. The immune response which

was categorized as a type 1 immediate hypersensiti-

vity is characterized by the production of immuno-

globulin ε or IgE following exposure to allergens,

and the sensitization of mast cells or basophils for the

release of vasoactive mediators on subsequent ex-

posure to the allergenic insult. Later, T cells were

shown to be pivotal in the control of IgE synthesis,

and sub-sets called Th1 and Th2 counter regulate

each other through the secretion of cytokines which

either switch on (Th-2, IL4)† or switch off (Th1,

IFN-γ) B cell IgE synthesis. B cells also require a

second signal to differentiate into IgE-secreting

plasma cells, and this signal is classically provided by

the T cell, but can also be provided by cells of the

* Corresponding author, on leave from Dept. of Life

Science, University of Nottingham, University Park,

Nottingham NG7 2RD.

† There is recent evidence, in mice, that class switching to

IgE can be initiated, by retroviral infection, using IL-4

independent pathways (Morawetz et al. 1996). Helminths

apparently do not use this pathway.

mast cell}basophil lineage, which also produce IL4

and IL13 (Ochensberger et al. 1996) (other sources

of ‘early’ IL4 apparently include CD4+ NK 1±1+

cells, utilizing CD1 in the antigen recognition

process), although there are also data to suggest that

NK1±1+T cells are not involved in initiating Th2

responses (Brown et al. 1996).

This second signal is triggered by an interaction

between the CD40 ligand, previously called gp

(glycoprotein) 39, on the cooperative cell, and CD40

on the B cell. Once secreted, IgE attaches to the mast

cell and basophil surface by interacting with its high-

affinity receptor, FcεRI. Cross-linkage of adjacent

IgE molecules by allergen triggers mediator release.

More recently a low-affinity receptor for IgE, called

FcεRII or CD23, was described and localized on a

range of leucocyte types, including lymphocytes and

eosinophils. It is through high and low affinity

receptors that IgE mediates its biological and

immunological activity, leading to the manifestation

of allergic disease or, as is now believed, interference

with the physiological activity of parasitic helminths.

This latter point will be developed in the present

article.

The allergic phenotype is considered to be of little

benefit to humans in ‘developed’ countries; indeed,

anti-allergic therapies targeted at the pivotal Th2

lymphocyte are justified on this basis. However,

some believe that this type of immune response

remains beneficial to a large proportion of the global

population, people living in areas of high parasite

endemicity. This statement is based on several

reports in the literature which indicate that indivi-

duals best equipped to mount Th2-biased responses
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to infection are offered a degree of protection against

helminths. In this context, allergy could be regarded

as an evolutionary ‘hangover from parasitism’, and

that those demonstrating a predisposition toward

Type 1 hypersensitivity in relatively parasite-free

societies (notwithstanding Enterobius vermicularis)

would fare better than their non-hypersensitive

neighbours if returned permanently to areas of high

parasite endemicity. This would indeed be an

interesting experiment to perform! However, in the

absence of data from experiments of this sort, one is

left to assess the current literature relating to atopy

and parasitism, to decide whether allergic responses

can be regarded as beneficial under certain cir-

cumstances. Indeed, the data supporting this concept

are far stronger than those in favour of a parasite-

protective role for Th2-driven immune responses.

Thus a review based on the latter subject remains

untenable in the continued presence of such sparse

literature on the subject. However, in the context of

host-protective Th2 responses, a number of ques-

tions can be asked, given the relative richness of the

literature. (1) Do Th2 driven immune responses

protect the host against parasitic helminths? (Alter-

natively do they protect the parasite?) (2) If Th2

responses protect the host, how are parasites dam-

aged by these immune responses? (3) Can Th2

responses protect against tissue damage? (4) Why

are parasitic helminths so allergenic? (5) How can

study design be advanced}optimized to provide

definitive answers?

g    : 

 2-  



The strongest evidence that allergic responses may

be beneficial in areas of parasite endemicity comes

from field studies of human schistosomiasis and

necatoriasis (Hagan et al. 1991; Rihet et al. 1991;

Dunne et al. 1992; Hagan, 1993; Pritchard, Quinnell

& Walsh, 1995). These studies compellingly demon-

strated a link between the ability to exhibit a Th2-

biased response and resistance to infection or

reduced parasite fitness and fecundity. For example,

Hagan’s studies of S. haematobium infection in The

Gambia indicated that individuals with high levels of

specific IgE against the parasite were less likely to

become reinfected after successful chemotherapeutic

intervention. This was an age-related phenomenon,

with IgE levels and increased resistance to reinfec-

tion both associated with increasing age under

conditions of equal exposure. Rihet’s study of S.

mansoni infections in Brazil, and Dunne’s later study,

support the link between high IgE responses and

resistance to reinfection with schistosomes. Fur-

thermore, undifferentiated Th0 cells derived from

individuals with a resistant phenotype exhibited a

high ratio of IL4 to IFN-γ production. This bias

may be maintained by IL10, a Th1-blocking cyto-

kine which has been implicated in the modulation of

T cell responsiveness in patients infected with S.

mansoni (Araujo et al. 1996).

Additional supportive data come from a study of

necatoriasis in Papua New Guinea, where significant

correlations were seen between the Th2-mediated

phenomena of high IgE levels and eosinophilia and

reduced parasite weight and fecundity (Pritchard et

al. 1995). Although other isotypes were shown to

have anti-parasitic effects in this study (Quinnell et

al. 1995), evidence is mounting to support the

hypothesis that type-1 hypersensitivity is useful

when it manifests itself in the context of parasitism.

Intriguingly, there are also data which indicate that

schistosomes may interfere with the activity of

antigen-reactive IL4-producing T cells (Grogan et

al. 1996), reinforcing the belief that this response is

host-protective, and demonstrating that the co-

evolution of host–parasite relationships continues.

However, one should not ignore the fact that Th1

responses seem to be successful in controlling the

invasive larval stages of some human parasites

(Pritchard & Wilson, 1997). It is therefore likely that

Th1 and Th2 responses act together in possibly a

stage-specific manner and perhaps at different ana-

tomical locations to control human parasitic in-

fection.

IgE responses also seem to be more reliable and

specific indicators of current infection status with

hookworms (Ganguly et al. 1988; Pritchard &

Walsh, 1995) and filarial parasites (Weiss, Hussain &

Ottesen, 1982;Cabrera, Cooper & Parkhouse, 1986),

indicating the additional value of this type of immune

response to human medicine.

What is the biological significance of the polyclonal

IgE response so often seen following helminth

infection?

Some consider polyclonal IgE responses, induced by

helminth parasites, to be parasite-protective (re-

viewed by Pritchard, 1993a). The concept that

polyclonal IgE protects the parasite from potentially

damaging specific IgE by saturating Fcε receptors

with ‘ irrelevant’ antibody is difficult to support

experimentally (Moqbel & Pritchard, 1990), and

explains the apparent bias of the present article,

which is largely supportive of a host-protective role

for Th2, and IgE responses. In fact, the existence of

an excess of blocking polyclonal IgE could explain

why adverse allergic reactions are rare following the

chemotherapeutic treatment of systemic helminths

such as schistosomes. In this instance, a polyclonal

response would have to be seen as host-protective,

preventing possible lethal episodes of systemic

anaphylaxis following drug}immunologically-in-

duced parasite destruction and concomitant allergen

release.
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Therefore, the true biological significance of

polyclonal IgE is difficult to evaluate given the

evidence available, and it can be seen as parasite-

or host-protective, or both, depending on your

viewpoint.

 2-   -

 ,    

 ?

Mechanisms of damage in vitro

Studies in this area have largely concentrated on the

role of eosinophils and antibodies (particularly IgE)

in cytotoxicity reactions to larval stages. Initial in

vitro experiments using the antibody-dependent

cellular cytotoxicity (ADCC) reaction demonstrated

that human peripheral blood granulocytes (par-

ticularly eosinophils) from patients infected with

Schistosoma mansoni were able to adhere to and kill

larvae of this trematode (Butterworth, 1984; Butter-

worth & Richardson, 1985; Butterworth & Thorne,

1993). These observations were confirmed using rat

and human eosinophils against schistosome larvae

(McLaren et al. 1977, 1978, 1981, 1984; Ramalho-

Pinto, McLaren & Smithers, 1978). Similar anti-

body-dependent, eosinophil-mediated in vitro cyto-

toxicity was reported for a number of other helminth

parasites. The targets employed in these systems

included the eggs of S. mansoni using murine

eosinophils (James & Colley 1976; Hsu et al. 1980;

Feldman, Dannenberg & Seed, 1990), invading

larvae of Fasciola hepatica (Duffus & Franks, 1980)

and M. corti (Cook, Ashworth & Chernin, 1988).

Newborn larvae of T. spiralis, nematode larvae that,

although less susceptible because of their thick

collagen-rich cuticle, were also killed following

adherence to eosinophils (Kazura & Aikawa, 1980).

These studies were extended by others to dem-

onstrate eosinophil cytotoxicity in vitro against

microfilariae of Onchocerca volvulus (Greene, Taylor

& Aikawa, 1981; Mackenzie et al. 1981; Williams et

al. 1987), larval stages of Dictyocaulus viviparus

(Butterworth & Thorne, 1993), Toxocara canis

(Fattah et al. 1986; Badley et al. 1987; Lombardi et

al. 1990), Brugia malayi (Sim, Kwa & Mak, 1982;

Chandrashekar et al. 1986) and N. americanus

(Desakorn et al. 1987).

Eosinophils adhere readily and firmly to opsonized

worms or larvae and release their granule contents

which can be detected by electron microscopy as

thick layers of electron-dense deposits on the surface

of the organism (Mclaren et al. 1977, 1978, 1981;

Glauert et al. 1978; Caulfield, 1980; Caulfield et al.

1980). Such deposition results in damage to the

parasite in the vicinity of contact with the attached

eosinophil. Damage was associated with the ap-

pearance of vacuoles in the syncytial tegument of the

larvae and was followed by detachment of the

tegumental membrane leading to the exposure of the

underlying muscle layers. It has been suggested that

tegumental membrane detachment may be mediated

in part by worm-derived lysophospholipids (Golan

et al. 1986; Furlong & Caulfield, 1989; Caulfield &

Chiang, 1990) and by released eosinophil granule

proteins including EPO, MBP and ECP. These

products have the capacity to damage schistosomula

directly when incubated as isolated proteins with

parasitic larvae at very low molar concentrations.

MBP and ECP both produced ballooning in the

tegument in a similar pattern to that observed with

whole eosinophils (Butterworth et al. 1979a, b ;

McLaren et al. 1984). ECP was 10 times more active

on a molar basis than MBP. However, because MBP

is present in the granule in larger amounts, it may

account for a higher proportion of the toxicity

observed (Ackerman et al. 1985). That eosinophil

cationic proteins induce damage to schistosomula of

S. mansoni through their basic charge was confirmed

by use of a variety of synthetic polycations (Butter-

worth et al. 1979b ; Jones, Helms & Kusel, 1988) and

its inhibition by polyanions such as heparin (Young et

al. 1986). Purified eosinophil cationic proteins were

also toxic in vitro for the newborn larvae of T. spiralis

(Wassom & Gleich, 1979; Hamann et al. 1987), the

eggs of S. mansoni (Sher et al. 1980; Kephart,

Andrade & Gleich, 1988) and larvae of both B.

malayi and B. Pahangi (Hamann et al. 1990). These

cytotoxic effects may, therefore, be due primarily to

the intensely basic nature of these proteins rather

than to other properties such as the ribonuclease

activity of ECP (Barker et al. 1989). This is

particularly relevant, since worm tegument and

cuticle were shown to be strongly polyanionic

(Pritchard et al. 1985). Recent evidence suggests that

only 1 isoform of ECP, out of a total of 7, possesses

any cytotoxic activity (P. Venge, personal communi-

cation). In contrast, EPO and EDN are relatively

inactive on their own in causing direct damage to the

parasite (Pincus et al. 1981; Ackerman et al. 1985).

EPO action was enhanced in the presence of

hydrogen peroxide and a halide. The effects of these

polycations were inhibited by polyanions such as

heparin (Gleich et al. 1980; Venge et al. 1983).

Although eosinophils can release higher concen-

trations of superoxide radicals than neutrophils in

response to stimulation, Pincus et al. (1981) demon-

strated that damage to schistosomula by normal

eosinophils can occur under strictly nonaerobic

conditions, suggesting that such oxidative metab-

olism is not necessary for in vitro killing. However,

oxygen may be required for degranulation (Baskar

& Pincus, 1988). Eosinoplasts (experimentally)

generated granule-containing eosinophils devoid of a

nucleus) elaborated oxygen metabolites and syner-

gized with ECP in helminth toxicity (Yazdanbakhsh

et al. 1987). Oxidative mechanisms also appear to be

essential in killing of newborn larvae of T. spiralis by
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eosinophils (Bass & Szejada, 1979; Buys et al. 1981,

1984) while a reduction in oxygen tension limited the

capacity of intact eosinophilic granulomas or isolated

granuloma cells to kill eggs of S. mansoni in vitro

(Feldman et al. 1990). Adherence of eosinophils to

both live and fixed S. mansoni larvae induced de novo

synthesis and release of lipid mediators including

LTC
%
(Moqbel et al. 1990). The precise role of this

mediator in parasite damage is not yet known. The

ligands that mediate killing by both normal and

activated eosinophils include immunoglobulins,

particularly IgG, IgA and IgE. In addition, com-

plement components C3b and C3bi were shown to

facilitate adherence and killing in the absence of any

immunoglobulin and this may be achieved through

eosinophil adherence by CR1 and CR3 respectively

(Anwar, Smithers & Kay, 1979; Moqbel et al. 1983;

Fischer et al. 1986). Antibody-dependent killing

may also be enhanced by LFA-1 associated mech-

anisms. Monoclonal antibodies against the α-chain

of this β-1 integrin partly blocked the killing of S.

mansoni larvae (Capron et al. 1987). That eosinophils

utilize the receptor for IgA (Abu-Ghazaleh et al.

1989) to induce eosinophil degranulation (following

incubation with either anti-IgA-coated sepharose

beads, particularly sIgA (Fujisawa et al. 1990))

suggests that this ligand is an important receptor for

mediator release. However, the involvement of sIgA

in eosinophil-mediated cytotoxic response against

parasitic helminthic targets is not yet established.

In vivo correlates of in vitro damage

The precise regulatory and functional roles of IgE

and eosinophils in the progression of human helmin-

thiases is unknown. Information in man is largely

limited to measurements of blood and tissue eosino-

philia and IgE during the migration of helminth(s) in

various tissue sites (Wardlaw & Moqbel, 1992).

There is some evidence of direct contact between

eosinophils and adult worms during infections.

Eosinophil-rich granulomas surrounding dead frag-

ments of skin invading larvae of Strongyloides ratti

were found in hyper-immune rats after challenge

with infective larvae (Moqbel, 1980). Eosinophils

were also found in close contact with the surface

tegument of schistosomula of S. haematobium in the

cutaneous tissue of immune monkeys. This was

associated with the presence of large numbers of

dead larvae in eosinophil-rich sites (Hsu et al. 1980).

Similar observations were made in other host}
parasite systems (Gleich & Adolphson, 1986; Butter-

worth & Thorne, 1993). Using appropriate anti-

bodies, eosinophil-derived toxic proteins were iden-

tified on worm targets, in vivo. Immunofluorescent

staining for MBP revealed the deposition of this

eosinophil-derived product onto the surface of

microfilariae of Onchocerca volvulus in skin biopsies

of patients with onchocerciasis following treatment

with diethylcarbamazine (Kephart et al. 1988). The

presence of an eosinophilic infiltrate in association

with human onchocerciasis was shown to be corre-

lated with microfilarial production from pregnant

female adult worms but not with the host’s immune

status (Wildenburg et al. 1995). Adult O. volvulus

elicited tissue eosinophilia only if microfilariae

appear in the surrounding tissue. The levels of blood

ECP were elevated in patients with filariasis sug-

gesting the activation and degranulation of eosino-

phils (Spry, 1981). The rate of reinfection in African

children with S. haematobium indicated that both

IgE and eosinophils appear to influence resistance in

that age group (Hagan et al. 1991; Woolhouse et al.

1991). Thus, much of our existing knowledge about

the possible in vivo role of eosinophils in helminth-

induced inflammation arises from studies in lab-

oratory animals, although data are being gradually

obtained on the sequence of events that may regulate

human eosinophil-mediated responses to helminths

(Mahanty et al. 1992).

While rat and human eosinophils have been shown

to possess IgE-dependent anti-parasitic effector

functions both in vivo and in vitro, BAL eosinophils

from lungs of mice infected with T. canis were

devoid of receptors for sIgM, sIgA, sIgE, but were

positive for receptor for sIgG1, although FcεRII and

FcγRII were absent in mouse eosinophils (Jones et

al. 1994). This suggests that there is a heterogeneity

in the profile of eosinophils in different host species

thus raising doubts concerning the role of eosinophils

in helminth disease. It has been suggested that the

presence of Th2-type responses (i.e. IgE-dependent

mechanisms with its associated eosinophilia) to

helminth infection may either contribute to host

protection or lead to prolonged parasite survival.

This appears particularly true in mouse models of

schistosomiasis, in which the presence of IFN-γ and

IgG have a more prominent protective role than IL-

4 and IL-5, at least against larval stages of infection.

Reassessment of the leak–lesion hypothesis

Given that components of a Th2 driven response can

be shown to damage parasite larvae in vitro, and that

some in vivo correlates can be demonstrated, it is

appropriate to reassess briefly the merits of the

‘ leak–lesion’ hypothesis. This hypothesis was first

mooted in the late 1960s, in an attempt to explain

how type I hypersensitivity responses could effect

parasite expulsion. Central to the hypothesis is the

ability of IgE to sensitize mast cells and basophils

specifically for the release of vasoactive amines,

increasing vascular permeability and consequently

flooding any site of parasitic challenge with blood

rich in potentially host-protective cells and mole-

cules. This phenomenon is most dramatically dem-

onstrated following Nippostrongylus brasiliensis in-

fection in rats, where the challenge of a sensitized
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small intestine results in ‘gut shock’, which is

manifested by the engorgement of the tissues with

vascular components. This type of reaction would

certainly make the gut environment inhospitable to

parasite colonization, and inflammatory responses

are certainly implicated in worm expulsion in other

systems, e.g. Trichinella spiralis (Wakelin, 1993).

Also mast cell proteinases are known to digest

nematode cuticle collagens (McKean & Pritchard,

1989) suggesting that mast cell degranulation and

associated proteinase release could have a direct and

physically damaging effect on the helminth. Such

reactions would also be beneficial in anatomical

locations such as the skin following challenge with

hookworm larvae. Anti-larval IgG responses appear

to be beneficial in necatoriasis, and occur in tandem

with IgE responses (Quinnell et al. 1995). The

leakage of plasma and inflammatory cells onto the

site of parasite invasion, mediated by a type 1

response (the cause of ‘ground itch’?) should be

beneficial to the host ; but, as we know, the parasite

seems to have evolved evasion strategies (Hotez &

Pritchard, 1995). The ‘leak–lesion’ hypothesis does

not command overwhelming support (Ahmad, Wang

& Bell, 1991). Nevertheless, the immunological

components for leakage are certainly induced by

infection and would be activated upon exposure to

parasite allergens. It is certainly a hypothesis that

warrants resurrection. Readers are directed to a

recent review by Bell (1996) who expresses some

interesting views on the role of IgE in helminth

infection.

 2    

   

 - 

  ?

As T cell responses can counter-regulate each other,

depending on the balance of cytokines in the milieu

surrounding the interactive components (Abbas,

Murphy & Sher, 1996; Anderson & Coyle, 1994),

it is conceivable that Th2-driven responses may

suppress the potentially tissue-damaging Th1-

driven responses, known to occur in some parasitic

infections. The prime manifestation of this type of

interaction would seem to occur in lymphatic

filariasis, where microfilariaemic yet asymptomatic

and hyporesponsive individuals demonstrate Th2

responses to crude antigen preparations, although

the literature on this subject matter is highly

confusing and apparently contradictory in places.

Nevertheless, because these individuals are con-

sidered to be tolerating the infection, they are

described as being in an antigen-specific anergic

state. When anergy is overcome, and Th1 responses

come to the fore, the state of hypersensitivity of the

patient would appear to swing from the immediate

(Type 1) to the delayed (Type IV) phenotype,

leading to the clearance of microfilariae, but the

development of clinical disease (chronic lymphatic

obstruction).

There is also evidence that IgG4, an isotype also

under the control of Th2 cytokines and able to

compete with IgE for both allergen epitopes and Fcε

receptors, may play an important role in modulating

IgE-mediated allergic responses in vivo. IgG4 is,

thus, often described as a blocking antibody, and it is

becoming apparent that it may act, in micro-

filariaemic patients, to suppress the manifestation of

TPE or tropical pulmonary eosinophilia (reviewed

by King & Nutman, 1993). Consequently, indivi-

duals predisposed to mount Th2-biased responses in

areas of high endemicity for lymphatic filariasis,

particularly those with a high IgG4 to IgE ratio,

could be considered to be less prone to the

pathological sequelae of infection. In this sense, the

Th2 response would be seen as beneficial to the

individual.

    

 ?

Helminth parasites are particularly adept at stimu-

lating IgE synthesis, and a number of parasite

allergens have recently been cloned and character-

ized (McReynolds, Kennedy & Selkirk, 1993). Do

certain parasite antigens have molecular properties

which support their allergenicity? This is a question

which has puzzled immunologists for decades and a

number of theories have been put forward. One

popular theory at present is based on the fact that

many allergens have enzymic activity (e.g. Der p I

from Dermatophagoides pteronyssinus), and that enzy-

mic activity somehow deviates antigen processing in

a way that supports the generation of Th2 lympho-

cytes. It is, therefore, of interest that highly aller-

genic parasites such as schistosomes and hookworms

are rich sources of secreted proteinases (Smith et al.

1994; Brown et al. 1995). How do these enzymes

promote IgE synthesis? One clue to a possible

mechanism comes from an observation made in a

population in Papua New Guinea infected with the

hookworm N. americanus. This population was noted

to have exceedingly high levels (on average, 40 times

that of normal) of soluble CD23 (the low-affinity

receptor for IgE) and IgE in its plasma (up to 17000

IU}ml) (Pritchard, Kumar & Edmonds, 1993). This

observation led to the hypothesis that parasite

proteases might accelerate the natural proteolytic

cleavage of CD23 from the leucocyte surface, leading

to an upregulation of immediate-type hypersensi-

tivity through the generation of soluble CD23 (a

pro-allergic cytokine) and the removal of a negative

feedback signal for IgE synthesis (Pritchard, 1993a).

IgE-containing immune complexes bind to CD23, to

send a feedback inhibition signal to the B cell, which

reduces IgE synthesis (reviewed by Delespesse et al.
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Fig. 1. T cell development can be influenced by a number of factors in the immunological environment. The points

in T cell development where parasitic helminths and their ES products could conceivably exert an influence are

shown here. For example, it is possible that helminth ES, particularly secreted proteinases and proteinase inhibitors

(doubling as anticoagulants?), could influence the proteinase-rich antigen processing milieu to an extent that a

pathway favouring Th2 development is selected. The mechanism by which CD28 controls IgE synthesis is sketchy.

Some data support a positive role for CD28 (King et al. 1996) through an interaction with the B7 marker (Corry
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1992). Consequently, allergens which selectively

cleave CD23 would theoretically be pro-allergic. It is

therefore of interest that Der p I, a proteolytically

active allergen of the house mite D. pteronyssinus,

selectivity cleaves CD23 from the human B cell

surface (Hewitt et al. 1995). This is the first and most

convincing experimental evidence that dust mites

dysregulate the IgE network by directly interfering

with the control of IgE synthesis ; these observations

have since been confirmed by other workers.

This explanation may not hold for all allergens.

For example, many fatty acid binding proteins

(FABP) are now proven allergens (McReynolds et al.

1993). However, it provides an experimental basis

for testing the pro-allergic activity of at least a major

group of common environmental toxins. Given the

ability of FABPs to sequester vitamins, and the fact

that some vitamins (e.g. D3) promote Th-2 de-

velopment (Rook, Hernandez-Pando & Lightman

1994), it is possible that some allergens promote the

allergic response through selective vitamin uptake. A

re! sume! of recent developments in our understanding

of the development of helper T cells at this point

wold help to indicate other points in the development

processes where parasites and their products could

exert influence on Th-2 bias.

Recent advances in our understanding of the

development of helper T cell subsets

The early cytokine milieu seems to be of critical

importance to the differential development of T

cells. Both Th1 and Th2 cells can develop from the

same T cell precursor, with IL-12 from macrophages

and activated dendritic cells the predominant

Th1 promoting cytokine, and Il-4, possibly from

basophils, T cells themselves or CD4+ NK1±1+,

equivalents in man, promoting Th2 development.

However, a number of caveats exist. Although IL-4-

independent pathways of class-switching for IgE

synthesis have been demonstrated, initiated by

retroviral infection (Morawetz et al. 1996), nematode

infection does not seem to influence this pathway.

et al. 1994), but it may not always stimulate through B7 (Life et al. 1995). Other data suggest that co-stimulation of

T cells via CD28 inhibits IgE production (Van der Pouwkraan et al. 1996). Interestingly, the latter effect was

reversed by pertussis toxin. Proteinases could also effect IL-4 secretion directly, in a non-antigenic fashion, in a

manner similar to that already described for other enzymically active allergens. It is also already known that another

proteolytically active environmental allergen (Der p I) has the ability to dysregulate the IgE network; formal proof

demonstrating a similar effect by helminth proteases is lacking, although the suggestion that they might potentiate

IgE synthesis by cleaving molecules such as CD23 was first muted in the early 90s (Pritchard, 1993a). The pro Th2

developmental pathway would then be propagated by the possible release of cytokines (IL-4, sCD23) or secretion of

pseudocytokines or pseudocytokine receptors (e.g. IFN-γR) and even lipophilic homoserine lactones similar to those

already shown to be active in chemical communication between bacteria (Williams, 1994). Another parasite secretion

with the potential to modulate T cell development is acetylcholinesterase. Cholinergic influences on T cell

development}activation have been recorded, yet it remains to be established whether extraneous sources of AChE,

which would compete with T cell membrane AChE, exert any polarizing effect on T cell development (Pritchard,

1993b). Abbreviations: APC, antigen presenting cell ; BAS, basophil ; DC, dendritic cell ; ES, excretory}secretory

product ; MO, macrophage; NK, natural killer ; ThO, undifferentiated T cell ; STAT, signal transducer and activator

of transcription.

Also there are data to suggest that β
#
microglobulin-

independent NK1±1+ T cells are not involved in Th2

responses (Brown et al. 1996).

The downstream effects of these cytokines on

further T cell development would appear to be

mediated through a number of transcription factors

belonging to the stat family. Of these, stat 4 would

appear to be activated by IL-12 (with IFNγ playing

a supportive role), and stat 6 would appear to be

activated by IL-4 (Kaplan et al. 1996a, b). The other

points in T cell development in which parasite

products would be active are illustrated (in Fig. 1)

and described below. Table 1 lists known and

putative helminth secretions which could polarize

the development of T cells.

Are there other possible explanations for the

allergenicity of helminth parasites?

The CD23 effect described would be largely medi-

ated through B cells committed to IgE synthesis and

it has already been suggested that helminth parasites

may promote their own survival by stimulating

polyclonal IgE synthesis, although clear evidence for

this hypothesis is still being found. As well as

cleaving CD23 to promote IgE synthesis, it is also

possible that parasitic helminths secrete molecules

which act as pseudocytokines, to maintain the Th2

bias. Molecules with the activities of IL-4, Il-10 and

sCD23 would fulfil these criteria.

Alternatively, if Th2 responses, in a specific sense,

begin to damage the parasite, as has been inferred

from a number of field studies described above, then

it would be in the interest of the parasite to induce a

Th1 bias. This could be done through the secretion

of Th1-promoting pseudocytokines such as IFNγ

and IL-12. This may indeed be the case in Trichuris

muris infection, (see Grencis and Entwistle, this

volume). Work by Birgit Helm and her colleagues

(Dudler et al. 1995; Machado et al. 1996) would

also suggest that enzymically active allergens induce

IL-4 synthesis by cells of the basophil lineage in the

absence of sensitization with IgE. This kind of
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Table 1. Examples of known and putative parasite secretions with the potential to support the

development and growth of Th2 lymphocytes

ES product Putative pro-Th2 effect

Proteinases e.g. cysteinyl proteinases,

glycosidases, lipases (cf.

(i) cleavage of negative regulatory elements (CD23, IFN-γR}IL-12R);

phospholipase A2) (ii) release of cytokines (sCD23) and ‘anti-cytokines’ (sIFN-γR}IL-12R)

(iii) direct induction of IL-4 and IL-13 synthesis.

Proteinases}inhibitors e.g. serpins

Acetylcholinesterase

Interference with cytosolic pathways of antigen processing}presentation.

Interference with muscarinic (­ve) and nicotinic (®ve) influences on T cell

function, and T-cell mAChE.

Pseudocytokines}receptors}ligands Supportive of IL-4 milieu, sequestration of negative regulatory cytokines.

Presentation of CD40 ligand-like molecules.

Superantigens Induction of CD40 ligand expression and class switching to IgE.

Mitogens Expansion of IL-4-receptive B (as found in Ascaris body fluid) and T cell

sub-populations.

Protein kinases Deviation of developmental pathways to Th-2 via intracellular signalling

processes.

Lipophilic ‘ transcription factors ’ Conversion of cytosolic regulating proteins into transcription factors.

direct activity would generate the early IL-4 milieu

necessary for Th2 development. It is also intriguing

that a number of pathogenic and non-pathogenic

bacteria signal to each other through the secretion of

homoserine lactones, which are lipophilic and enter

cells to interact with proteins; the complex in turn

becomes a transcription factor (Williams, 1994).

Could parasitic helminths do the same? B cell

mitogens which support the growth and division of ε

B cells would also be important (Lee, 1995). Finally,

superantigens can induce CD40 ligand expression,

to modulate class-switching to IgE (Jabara & Geha,

1996). The possibility that helminths secrete super-

antigens should be fully explored. A full list of

parasite molecules with the putative ability to control

T cell development is shown in Table 1.

  

When you ask the question, ‘does a Th2 response

protect against helminth infection?’, you are almost

asking whether atopics are protected against nema-

todes. These are thorny questions, which are difficult

to answer in a definitive fashion (Moqbel& Pritchard,

1990) because many of the studies designed to

answer these questions have been incomplete. How

can study design be improved? The simplest experi-

ments would involve the deliberate trickle infection

of large numbers of human volunteers exhibiting a

range of abilities to mount type 1 responses, or the

transfer of such individuals from areas of low to areas

of high parasite endemicity. Failing this, high-

quality longitudinal studies should be conducted in

which children of known atopic predisposition

(judged by a combination of skin tests, IgE levels

and symptomology) living in areas of high parasite

endemicity and exhibiting similar behavioural pro-

files are followed over a 15-year period. For example,

hookworm infection is acquired in a cumulative form

from 3 years to adolescence, where infection intensity

levels off (Pritchard et al. 1990). The assessment of

atopic status would be supported by genetic analysis.

However it is likely that atopy}asthma has a poly-

genic basis, involving genes in the 5q31–q33 region,

the 11q13 region and other genetic loci (Marsh et al.

1994; Herwerden et al. 1995; Levitt & Holroyd et al.

1995; Daniels et al. 1996). We currently have a

collection of DNA samples from hookworm infected

individuals under analysis in the context of total IgE

levels induced by infection, but larger-scale indi-

vidual studies will be required to produce definite

answers.
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