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A hookworm allergen which strongly resembles calreticulin
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SUMMARY

Immmoglobulin E-rich plasma from patients from Papua
New Guinea infected witiNecator americanubas been
used to probe an adul. americanugDNA library for the

INTRODUCTION

Some metazoan parasites are highly allergenic, and
schistosomes and hookworms are good examples of
parasitic organisms which induce predominant T-helper 2

presence of hookworm allergens. Using this approach, one (Th2) immune responses in humans at key stages of their life

hookworm allergen has been identified as calreticulin,
which was subsequently expressed HEacherichia coli
Little serological cross reactivity was seen between the
recombinant calreticulins of this hookworm and its host.
Prospective roles for hookworm calreticulin in the host-
parasite relationship are discussed in depth
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cycles (reviewed by Pritcharet al. 1997). Although Thil
induced immune responses, supported by the early presence
of interleukin (IL)-12 and interferor: (Romaniet al. 1997)

are of undoubted importance in controlling the migratory
larval stages of some helminth parasites (Pritchard &
Wilson 1997) it seems that Th2 driven responses,
characterized by IL-4 and IL-5 secretion by activated T
and other cells, and by the production of immunoglobulin
(Ig)E and the induction of eosinophilia, evolved as part of
the immunological armoury against helminth parasites
(Pritchard et al. 1997). For example, patients with high
levels of IgE toNecator americanusarbour smaller and
less fecund parasites (Pritchaatthal. 1995). It is therefore of
immunoparasitological interest to determine the molecular
targets of such potentially protective, and diagnostic
(Pritchard & Walsh 1995), immune responses against
human hookworms.

In the present paper, IgE-rich plasma from patients
infected with N. americanuswas used to screen cDNA
libraries made from adult stages of this parasite; this
procedure has identified an allergen with homology to
calreticulin. The significance of this finding to the host—
parasite relationship is discussed.

MATERIALS AND METHODS

Plasma samples and serological analysis

It was immunologically important to maintain the physical
integrity of hookworm-reactive IgE, the antibody probe
used in this study, given the lability of its &¢immunor-
eactive with anti-lgE) domains. Consequently, plasma sam-
ples were taken with informed consent from 135 individuals
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known to be infected witiN. americanugPritchardet al. The library was screened using a standard procedure, with
1990, 1992), separated on site in Kebasob village, and 2x10°pfu plated for the primary screen, with the PNG
frozen at —20C at the Gaubin Mission Hospital on plasma pool applied overnight at 1:20, and the anti-IgE
Karkar Island. Unavoidably, the samples were thawed applied for 2h at 1:1000; prolonged incubation was
once in transit by copra boat to mainland Papua New necessary, to obtain a strong signal. Further details are
Guinea, where they were frozen once more at the Papuagiven in the legends to the figures. Positive pfu were taken
New Guinea Institute of Medical Research, Madang, and to a quaternary screen, and then excised into the pBK-CMV
shipped on dry ice to Nottingham. Samples were still frozen phagemid (Statagene) for sequencing, which was conducted
on arrival and were stored at —®Duntil screening began.  using purified plasmid DNA and a Perkin-Elmer Applied
Samples were subsequently screened by enzyme-linkedBiosystems automated sequencer.

immunosorbent assay (ELISA) for their IgE reactivity
against adultNecator ES antigen (Pritcharat al. 1992)
and shown to have retained their activity. To compare the

reactivity between samples, the reactivity of the plasma pool pouble stranded cDNA from clorea-cal-1was sequenced
(n=135) was ascribed a value of 1000 units. The 135 ysing universal forward and reverse primers and subsequent
samples were then assigned into categories of reactivity gene-specific primers; sequencing was performed using the
(Figure 1a), and the eight most reactive samples (OD 0-2— AmpliTaq DyeDeoxy Terminator Cycle Sequencing System
0-72) were then subselected for screening purposes. To(Applied Biosystems, Foster City, CA, USA) and an
determine the specificity of the assay for IgE binding, a automated ABI Prism 377 DNA sequencer (Applied
number of Competitive bIOCking prOCEdUres were inC'UdEd, Biosystems). Ana|yses of nucleotide and deduced amino
as indicated in the legend to Figure 1. The Western blot acid sequences were performed using the Mac Vector 4-5.1
procedure was conducted as described previously for hook-software program (Eastman Kodak Company, New Haven,
worm antigens (Carr & Pritchard 1986) To control for the CT, USA) Database searches were performed using the
presence of IgE binding proteins in worm secretions and BLAST (Altschul et al 1990) server to search a
extracts, blots were also developed with myeloma IgE in nonredundant set of databases. Sequence alignments were
comparison with post-infection plasma. performed using the GCG PILEUP program (Genetics
Computer Group, Madison, WI, USA) and Boxshade
Construction and screening of adultN. americanus server. The translated protein sequence was analysed
cDNA library using the Analyse Signalase (Eastman Kodak Company)

program in order to identify a putative signal peptide and
BriEﬂy, adult hookworms were allowed to detach from the Corresponding C|eavage point (Von Heijine 1986)

intestines of infected 35-day-old DSN hamsters, then
washed for 4h in several changes of sterile RPMI 1640
supplemented  with  penicilin  (100U/mf") and
streptomycin  (10@g/mi—?). This procedure removes The aligned proteins dfla-cal-1and other calreticulin-like
regurgitated host tissue, ensuring that subsequent MRNAproteins were subjected to phylogenetic analysis using
is of parasite Origin Only. Worms were then extracted in maximum parsimony imp|emented HAUP (Vo|ume 3-1-1;
guanidinium thiocyanate/phenol/chloroform in a single step Swofford 1991). Bootstrap support for the shortest tree

procedure, prior to precipitating total RNA (Carr & found by heuristic search was assessed using 100 replicates.
Pritchard 1986). 0-536 mg of total RNA {4280 1-86)

was then passed over columns of poly dT cellulose, and
the poly A" mRNA eluted (Ago/2802-0).

An adultN. americanugDNA library was constructed in
NZAP express (Stratagene — ZAP express TM cDNA For the expression and isolation of recombinant protein, a 6
Gigapack Ill Gold Cloning Kit). Gug of poly AT RNA xHis-system (Qiagen) was used, consisting of the expression
were used as the initial template, and the resultant cDNA’s vector pQE10 and the repression plasmid pREP.
size — selected through Sephacryl S-500 spun columns. A Calreticulin cDNA was cleaved from the pBK-CMV
library consisting of high MW cDNAs (termed N1—N3, phagemid and subcloned into the expression vector
terminology included for those who have received gifts PQE10 (Qiagen). In order to express calreticulin within
of this library), as assessed by polyacrylamide gel electro- the Escherichia colicell, the open reading frame of the
phoresis (PAGE), was made with a titre of’Hfu (plaque mature protein was fused with the histidine-tag encoded by
forming unit)/ml and frequency of recombination of 79%. the pQE10 vector, thus deleting the predictéderminal

Gene sequencing and analysis

Phylogram

Construction of plasmid expressing calreticulin
(without signal sequence)
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signal sequence of calreticulin. For this purpose, fragments purification were carried out at'@. After centifugation of
of the flanking sequences left and right to the signal peptide the lysate for 10 min at 120@fXhe supernatant was added to
coding sequence were amplified by polymerase chain 100ul of Talon resin and gently shaken for 1 h. The matrix

reaction (PCR) using the primers 322-forward(ZGTAT-
CACGAGGCCCTTTCG-3(20-mer) and CARE-reverse,
5-TTGAAGTAGACCTCCGCTACATGGTGATGGTGA
TGGTG-3 (38-mer) for theN-terminal part and the pri-
mers CARE-forward, SCACCATCACCATCACCATG-
TAGCGGAGGTCTACTTCAA-3 (38-mer) and pQE-
reverse, 5GAGTTCTGAGGTCATTACTG-3 (20-mer)
for the C-terminal part. Since CARE-forward and CARE-

was collected by centrifugation for 2min at 509@&nd
washed with 5ml lysis buffer 3 times for 15min each by
gentle shaking. The protein was eluted by addingld@sis
buffer and 2Qu 0-5m ethylenediaminetetraacetic acid
solution to the matrix and gently shaken for 30 min; the
procedure was repeated for a second sample.

Serological cross reactivity with recombinant human

reverse have an overlapping complementary sequence, thecalreticulin

two resulting purified PCR fragments could be annealed

via these sticky ends upon denaturation and the single-

stranded regions filled in by DNA polymerase. The result-

ing fragment was amplified in a second PCR step using

only the flanking primers p322-forward and pQE-reverse.

The final PCR-product as well as pQE10-Cal were digested

with Hindlll and EcdRl, the resulting 249 bp PCR frag-
ment and the 4630 bp vector fragment isolated by PAGE,
ligated and used to transfect competéntoliM15 [pREP]
cells. Colonies carrying the correct plasmid pQE-Cal-His6
were identified by restriction analysis of isolated plasmid
DNA.

Expression and purification of recombinant calreticulin

Talon resin (Clontech), which contains a cobalt ligand to
bind 6xHis proteins, was used for purification of recombi-
nant calreticulin.

E. coli M15 [pREP4], harbouring pQE-CaSig, were
grown over-night at 3T in LB broth containing kanamycin
(30 mg/l) and ampicillin (200 mg/l). The culture was diluted
1:10inLB broth and IPTG added to a final concentration of
2mm to induce the lac promotor. After being vigorously
shaken for 4 h at 3T, 10 ml of the culture were harvested.
The cells were suspended in 5ml of a lysis buffer (0-1%
Triton-X100, 20mm Tris/HCI pH8-0, 100m NacCl) and
lysozyme was added to a final concentration of 0-5mg/ml.

Recombinant human calreticulin, and its N, P and L
domains were kindly provided by Dr Paul Eggleton,
expressed and purified as described by Kisheteal
(1997b). A full methodology is provided in Figure 5(b).

RESULTS

Development of an IgE-specific probe

Before proceeding to screen cDNA libraries, and to avoid
the selection of ‘false positive’ pfus (i.e. nonallergens), it
was important to develop a screening system which was
proven to be specific for the IgE-based detection of antigens
(allergens). Initially, to develop such a selective probe, an
ELISA assay for reactivity tblecatorantigens was tested to

be IgE specific; the addition of myeloma IgE effectively
competed with the monoclonal monospecific anti-IgE
(Sigma) used in the assay in a dose-dependent fashion
(Figure 1b), whereas human IgG, used at the same
concentration range, failed to interfere with the assay.
Furthermore, the assay was not inhibited to a great extent
by heat-treated normal human serum (Figure 1c), which
contains all immunoglobulin isotypes, apart from
antigenically recognizable IgE, whoseertomain is labile

to the denaturing temperature used. These data supported
the manufacturer’s claims for the specificity of their reagent;
not all anti-IgE reagents tested by us reached this standard;

The suspension was incubated at room temperature forhence, itis crucial that such prior screening is conducted for

30 min. The cells were sonicated on ice at 200W for 10s
bursts with intervals of 20s for 10 cycles, to shear the
bacterial chromosomal DNA. All subsequent steps of

selective allergen identification.
As we were targeting allergens frodecator and not
those from sympatric parasitic nematodes, the species

Figure 2 (a) Western blot oN. americanugNa) antigen (2@.g) E. coli (E.) lysate (2Qxg) and myelomae) IgE (5 ug), probed with plasma

(1:20) from non-infected individuals (A, Blood Transfusion Service) before (unabs) and after absorption (abs) with sBlubdd lysate (5 mg/

ml), or plasma (PNG) from hookworm-infected patients treated in an identical fashion.The upper panel was probed secondarily with anti-IgE,
while the lower panel was probed with anti-lgG, each at a dilution of 1:1000. The heavy chain of IgE is approximately 70 kDa, and the molecular
mass markers (m) are 200, 85, 66, 56, 39 and 35kDa. The reactive bandNec¢htrantigen lane (arrowed) is approximately 60 kDa. (b)

Western blots (approximately 1@ of protein per lane) of adulN. americanusiomogenate (a) and ES products (b) were probed with individual
human sera (diluted 1:20) and myeloma IgE (£80ml). Blots were developed using sheep anti-human IgE-alkaline phosphatase conjugate
(diluted 1:1000). Numbers refer to individual serum samples collected from a field site on Karkar Island, Papua New Guinea. Molecular mass

markers are indicated.

© 1999 Blackwell Science LtdRarasite Immunology21, 439—-450
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specificity of the assay (Pritchard & Walsh 1995) was
confirmed; solubleNecatorES inhibited the ELISA assay
while solubleAscarisPCF, the only other known allergenic
nematode parasite of this population (Pritchatl. 1990)
failed to show any inhibitory activity (Figure 1d). Having
established the specificy of the ELISA fdecatorigE, the 8

Parasite Immunology

However, the second antibody did not react with myeloma
preparations representing the remaining immunoglobulin
isotypes (data not shown).

When the procedure was repeated for post-hookworm
infection plasma from Papua New Guinea (PNG),
substituting for A+, a significant reaction was seen against

most reactive samples from the study population (OD range the hookworm preparation, predominantly around 50 kDa.
0-2—0-72) were pooled and used to screen a Western blotNo background was seen agaiBstoli; this is an important

loaded with myeloma IgE (positive control for anti-IgE),
N. americanushomogenate (target) and solubiliz&d coli
(the library is expressed ift. coli; this is control for
background activity to the host bacterium). Before probing,
the plasma pooln=8), and second antibody, were rigor-
ously absorbed with a soluble preparation of lygedcoli

(5mg/ml final concentration).

The results of the Western blot are shown in Figure 2(a).
The upper panel, developed with anti-IgE, indicates the
reactivity of a plasma pool from nonexposed individuals
(A+, Blood Transfusion Service), before (unabs.) and after
(abs.) absorption witk. coli, then subsequently probed with
anti IgE. A+ background activity was absent. The second
antibody was shown to be strongly reactive to IgE.

Barley

Tobacco

81

69

97

— Na-cal-1

100

C.elegans

Ov-RAL-1

70

68

100

Human

Mouse
83

Bovine

Xenopus

Figure 4 Phylogram showing the relationship between the predicted
protein encoded bila-cal-1and other calreticulin-like molecules.

Tick
Drosophila

S.mansoni

Leishmania

observation, as the library to be screened is expressed in
E. coli.

In comparison, probing blots with a second antibody to
IgG revealed a more complex pattern of reactivity (Figure
2a, lower panel). Background reactivity agaiistcoli was
strong, and difficult to remove by absorption, making it
impossible to screen libraries with PNG plasma and 1gG
probes. The hookworm antigen recognition profile with 1IgG
was typical of that seen on previous occasions (Carr &
Pritchard 1986) with a predominant antigen seen at
32-5kDa. A+ plasma also showed a degree of IgG reactivity
againstN. americanusto antigens of higher molecular mass.

Significantly, when individual samples were tested for
reactivity against hookworm secretions and whole worm
extracts, differential patterns were seen, suggesting that a
number of allergenic molecules exist (Figure 2b).
Furthermore, attempts to develop blots directly with myeloma
IgE were unsuccessful, confirming the reactivity of the IgE
probe for allergens in worm extracts and secretions, and the
absence of reactivity due to IgE-binding proteins.

Probing cDNA library: Na-cal-1encodes a
calreticulin-like molecule

Having established the specificity of the commercial anti-IgE
in ELISA for the detection of IgE antibodies against
N. americanusadult homogenate, and the strength and
relative exclusivity of the ‘anti-allergen’ signal on Western
blot, cDNA libraries were successfully probed and positive
pfu taken to quaternary screen excision, and sequencing.
Consequently the DNA sequence of the allergen designated
Na-cal-1 is shown in Figure 3(a) (EMBL Nucleotide
sequence database accession AJ006790). The protein encoded
by Na-cal-1 cDNA has strong homology to mammalian
calreticulins and calreticulin-like proteins from a range of
phyla. Na-cal-1 is 401 amino acids including a signal
peptide of 16 amino acids and has a predicted molecular
weight of 46-5kDa, although calreticulin runs atypically at
60 kDa on SDS-PAGE (Opat al. 1996, Spiroet al. 1996)

Nematode sequences are boxed. GenBank accession numbers: mouseProteins of similar molecular mass were observed in Western

calreticulin, X14926; bovine calreticulin, L1346Xgnopus laevis
calreticulin, X67597; tick calreticulin, U07708eishmania donovani
calreticulin, U49191. Percentage support for each node is shown on
the preceding branches. Nodes with less than 50% support are

collapsed to form polytomies — cross reactivity.

446

blotting with IgE from post-infection plasma (Figure 2b).
Na-cal-1shares 79%, 70% and 66% identity with calreti-
culin-like protein from the free-living nematodeaenor-
habditis elegans Ov-RAL-1 from the filarial nematode

© 1999 Blackwell Science LtdRarasite Immunology21, 439—-450
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with PNG
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87
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38.5
335
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Lane1 5 pg myeloma IgE
Lane2 10 pg N. americanus homogenate
Lane 3 5 pg recombinant N, americanus calreticulin
Lane 4 10 pg recombinant human N domain
Lane 5 5 pg recombinant human P domain
Lane 6 10 pg recombinant human L. domain
Lane 7 10 pg recombinant human calreticulin

Figure 5 (a) Expression of recombinant calreticulin. The cDNA Ka-cal-1was subcloned into pQE10, expressed as a 6 His-tagged fusion, the
fusion protein solubilized in 8 urea, and analysed by SDS-PAGE. The 50 kDa fusion polypeptide was recognized by IgE from post infection
plasma.(b) Lack of serologic cross-reactivity between recombinant human and hookworm calreticulin. Western blots were conducted with
recombinant human calreticulin, its N, P and L domains (fused to maltose-binding protein, Kestadré997b), adulN. americanusiomogenate,
recombinanfNecatorcalreticulin, and posiN. americanusnfection plasma (developed with anti-IgE as described above). No cross reactivity was
seen between recombinant calreticulins from host or parasite. Panel 1, Coomassie Blue; panel 2, Western blot with anti-IgE.
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Onchocerca volvuluand human calreticulin, respectively.
Drosophilaand S. mansoncalreticulins are also included
for comparison (Figure 3b). Phylogenetic analysis of
Na-cal-1 and other calreticulin-like molecules showed

Parasite Immunology

and shares an overall identity of 66% with its human
counterpart, compared with 79% wi€. elegansand 70%
with O. volvuluscalreticulins. The homology with human
calreticulin was insufficient to counteract the antigenicity of

strong support for a distinct clade containing the nematode Necatorcalreticulin in human patients.

proteins (Figure 4). Furthelecator allergens have since
been identified as having homology to a globin (body wall
isoform) of Nippostrongylus brasiliensiand aC. elegans
ubiquitin conjugating enzyme.

When the cDNA was expressed B coli, the affinity

purified 6 his-tagged fusion protein resolved at approximately
50kDa on SDS-PAGE, and was recognized in IgE-specific

Western blot (Figure 5a). The recombinant protein will lack

the tertiary structure of the native molecule, and might be
expected to resolve more closely to its true molecular mass.
No cross-reativity was seen with recombinant human calreti-
culin or its N, P and L domains (Figure 5b), although patient

IgE continued to recognizBl. americanushomogenate and
recombinanfNecatorcalreticulin.

DISCUSSION

Allergens are, by definition, antigens recognized by IgE.

Having established that the molecule recognized by
post-infection IgE is almost certainly calreticulin, the role
of this molecule is the host-parasite relationship needs to be
addressed. What is calreticulin? Calreticulin is an abundant,
high capacity Ca"-binding protein found in every cell of
higher organisms (Krause & Michalak 1997).

Numerous functions have been suggested for calreticulin.
It may have a role as a molecular chaperone in the
endoplasmic reticulum. (Nanseef al. 1995, Petersoret
al. 1995), be involved in C4 signalling, acting as a Ga
buffer (Meryet al. 1996), contribute to the regulation of cell
adhesion (Opast al. 1996, Coppolincet al. 1997) and be
involved in the regulation of gene expression (Michagak
al. 1996).

Calreticulin function also has implications in parasite
biology (Nakhasiet al. 1998) Calreticulin is found in
nematodes and, for example, constitutes the RAL-1
41 kDa larval antigen 00. volvulusand a 58-kDa antigen

Therefore, the development of specific serological probes, from Schistosoma japonicutihalife et al. 1994). The fact

based on the recognition of antigens by IgE, allows the that, in the present paper, a calreticulin-like molecule is
identification and characterization of allergens. This approach recognized by post-infection plasma would strongly suggest
was used to identify an antigen from the highly allergenic that it is secreted during feeding by the adult parasite in the
human pathogel. americanusand exploited the elevated gutlumen. Calreticulin is found in secretions, for example in
levels of specific IgE (Pritchardt al. 1993) in the plasma  flea saliva (Jaworslet al. 1996) and the analysis of culture
of patients from a geographical location where this parasite supernates from adult worms, usiff£e®", should indicate
is highly endemic. By establishing what is considered to whether a calcium-binding protein is indeed secreted by this
be an IgE-specific ELISA, and by fine-tuning the system pathogen (Opa%t al. 1996). Meanwhile, we can only
to obtain a very strong signal on Western blot, a cDNA speculate on its presence in secretory products, its role in
library made from the adult stage of the parasite has the host-parasite relationship, and the molecular basis for its
been screened, and a positively identified pfu cloned for allergenicity. For example, it is released by neutrophils
sequencing. during inflammation, can act as an auto-antigen in SLE
Clones screened in this way for immuno-reactivity have (Kishore et al. 1997a,b), and is contained in the lytic
been identified as calreticulin. Sequence analysis revealedgranules of cytotoxic lymphocytes (Dupuét al. 1993).
the presence of characteristic P-domain repeats (for Once released, it may alter immune function by binding
example; calreticulin repeats A: amino acid sequence to the Clg component of the complement system. On the
PXXIXDPDAXKPEDWDE, and repeats B: amino acid basis of this information, hookworm calreticulin can be
sequence GXWXPPXIXNPXYX) and a KDEL-like ER ascribed an immunomodulatory function, given its Clq
retrieval signal at theC-terminus (Krause & Michalak binding domains (above) and hookworms are renowned
1997). Furthermore, the putative N-domain C1q binding for their durability in the face of potentially powerful
motifs, VQSKHKSDY (IESKHKSDF), FSYKGKN immune responses (Hotez & Pritchard 1995, Pritchard
(FNYKGKN and KDIRCKDD (KDIRCKDD— most 1995). This is a phenomenon which can be investi-
potent inhibition of Clg haemolysis —sd=150 um) gated experimentally with native or ‘active’ recombinant
(Eggleton and Reid, personal communication) and P- calreticulin.
domain equivalentsWDEREYIDD (WDERAKIDD) seem Hookworms also have an antihaemostatic action
relatively well conserved (human homologues in parenthe- (Pritchard 1995, Cappell@t al. 1996, Stanssenst al.
sis homology in italics). Significantly, théecatorsequence 1996) and hookworm calreticulin may possess such
lacks the human N-domain DEEKDKG Clg binding motif, potential (Stewaret al. 1997) if secreted into the intestinal

448 © 1999 Blackwell Science LtcRarasite Immunology21, 439—-450
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tissues. But why should calreticulin be allergenic? Several

hypotheses have been put forward to explain the molecular

basis for allergenicity, and given the disparate physico-
chemical nature of allergens, there is little doubt that several
hypothesis can be catered for. Given the tendency for
calreticulin-like molecules to associate with components
of the complement system, it is possible that the parasite
allergen forms almost pseudo-immune complexes with
complement components, leading to aberrant antigen
presentation and the skewing of T cell development to
Th2 (Pritchardet al. 1997).

Calreticulin has the potential to act as a molecular
chaperone for hookworm ES products (as it does, for
example, for endomannosidase in the Golgi, Sgtaal.
1996), which are glycosylated and react strongly with
wheat-germ agglutinin; which is indicative of the presence
of GIcNAc (N-acetyl glucosamine). Whether such
chaperoned complexes would be more allergenic is
unknown. The lectin properties of calreticulin (a property
of the P-domain) could also result in the cross-linking of
cell-surface molecules involved in the regulation of IgE
synthesis, e.g. CD21 and mIgE by sCD23. (Hewittal.
1995) CD4 T cells can also be directly induced to produce
cytokines by lectins of appropriate specificity (Blastal.
1995), and some parasite lectins induce Th2 activity
(Talamas Rohanat al. 1995). Furthermore, given the
sugar-specificity of the lectin domains of calreticulin
(Glcy, Marg GIcNACc,, Krause & Michalak 1997) and the
pattern of glycosylation of human IgE, which is thought to

possess high mannose side chains as well as a mannose ang

GIcNAc-rich biantennary side chain complex (Baenziger

al. 1974a,b), it is also conceivable that hookworms calreti-
culin is able to directly and innately induce Type 2-cytokine
production from human basophils and mast cells in the

manner already described for proteinase allergens (Machado

et al. 1996). In essence, the secretion into the gastro-
intestinal mucosa of allergens such as calreticulin, in the
presence of powerful pro-allergenic proteinases, could
result in the creation of a super-allergenic Type 2 cytokine
milieu. It is clear therefore that the identification of

calreticulin as a hookworm allergen forms the basis for a
series of powerful experiments to provide data which may

increase our understanding of the ways parasitic helminths

dysregulate the IgE network. Furthermore, the implication
that IgE responses fd. americanusnay be host-protective
and, possibly, of diagnostic value (Pritchard & Walsh 1995)
paves the way for the exploitation of recombinant hook-
worm calreticulin as a vaccine and/or diagnostic reagent. An
‘venom allergen-like’ molecule cloned from another hook-
worm, Ancylostoma caninurfHawdonet al. 1996) acts as a
protective antigen in vaccination experiments in mice
(Ghoshet al. 1996).

© 1999 Blackwell Science LtdRarasite Immunology21, 439—-450
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