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Understanding the basic immunology of an infectious disease requires insight into the pattern of T cell reactivity and specificity.
Although lymphatic filariasis is a major tropical disease, the predominant T cell Ags of filarial species such arugia malayi are
still undefined. We have now identified a prominent T cell Ag fromB. malayi microfilariae (Mf) as Bm-SPN-2, a serpin secreted
exclusively by this stage. Mf-infected mice mounted strong, but short-lived, Bm-SPN-2-specific Thl responses, measured by in
vitro production of IFN- vy, but not IL-4 or IL-5, 14 days postinfection. By day 35, responsiveness to Bm-SPN-2 was lost despite
enhanced reactivity to whole Mf extract. Single immunization with Mf extract also stimulated typical Thl reactions to Bm-SPN-2,
but IgG1 Ab responses dominated after repeated immunizations. Human patients displayed potent humoral responses to Bm-
SPN-2 in both IgG1 and IgG4 subclasses. Thus, 100% (20 of 20) of the microfilaremic (Mf patients bore IgG4 responses to
Bm-SPN-2, while only 30% of endemic normal subjects were similarly positive. Following chemotherapy, Bm-SPN-2-specific Abs
disappeared in 12 of 13 MF patients, although the majority remained seropositive for whole parasite extract. PBMC from most,
but not all, endemic subjects were induced to secrete IFN-when stimulated with Bm-SPN-2. These findings demonstrate that
Bm-SPN-2 is recognized by both murine and human T and B cells and indicate that their responses are under relatively stringent
temporal control. This study also provides the first example of a stage-specific secreted molecule that acts as a major T cell Ag from
filarial parasites and is a prime candidate for a serodiagnostic probe. The Journal of Immunology,2000, 165: 5161-5169.

and 20,000 proteins, and consequently, these organismalicit these responses, however, is poorly understood.

are likely to present a considerable number of T cell-stim- The filarial nematodesBrugia malayj Brugia timori, and
ulating Ags to their hosts. As host defenses against most pathogefguchereria bancroftihave elaborate life cycles that provide a
critically depend on the activation of Ag-specific T cells (1), the correspondingly complex set of interactions with the host immune
identification of the Ags they recognize is a prerequisite for ad-system (16, 17). Among the most important issues relating to par-
vancing measures to control parasitic diseases. Surprisingly, thasite-host interaction in filariasis is our lack of defined parasitic
major T cell Ags of most parasite species are still undefined due imolecules involved in such interconnections. Particularly relevant
part to present difficulties in identifying CD4T cell-stimulating ~ molecules are likely to be excretory-secretory (§8pducts from
epitopes (2, 3). parasites (18). A variety of ES molecules from parasitic helminths

Lymphatic filariasis is one of the most important human tropicalhave been implicated in immune evasion strategies such as sup-
diseases, with an estimated 120 million people infected and a furpression of T and B cell proliferation (19-21), alteration of mac-
ther 900 million at risk of infection (4, 5). It is established that T rophage and granulocyte functions (18, 22), shedding of surface-
cell responsiveness in infection is markedly down-regulated (6-bound Abs or ligands (23), and modulation of host inflammatory
11), although there is a heightened level of serum Abs, in particresponses (18, 24). Immunopathology and protective immunity
may also be induced by ES products (25).

Lymphatic vessel-reside®. malayiadult worms produce mil-
o _ - __ ] ~lions of microfilariae (Mf), which migrate into the bloodstream,
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Parasite genomes are predicted to encode between 5,00dar IgG4 (12—15). The nature or manner by which filarial Ags
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strongly to this Ag, and that a high level of Bm-SPN-2-specific Ab IFN-y and IL-5 were measured by capture ELISA, and IL-2 production
may prove a good diagnostic indicator of infection wthmalayi. was assessed by measuring the proliferation of the NK cell line as previ-
ously described (31). IL-4 was measured in previous experiments by the
NK assay (31) and subsequently by ELISA. Standard curves using recom-
binant IFN-y, IL-4, IL-5, and IL-2 (Genzyme, Cambridge, MA) were per-
formed to determine cytokine levels in culture supernatants.

Materials and Methods
Parasites, Ags, and cDNA library

Adults and Mf were obtained frorB. malayiinfected jirds Meriones un-
guiculatug purchased from TRS Laboratories (Athens, GA). Somatic ex- - )
tracts of adult worms (BmA) or Mf (MfA) were prepared in PBS by dis- Ag-specific IgG isotype ELISA

ruption and sonication. Suspensions were centrifuged at 1009€or 30 . ) ) )
min at 4°C before passage through a fr2-pore size filter. Mf ES prod- Specific murine 1gG isotypes were measured by ELISA as previously de-

ucts were obtained by in vitro incubation for 24 h in serum-free mediumscribed (31). For murine 1gG isotypes, peroxidase-conjugated goat anti-
(26). A B. malayiMf cDNA expression library, SAW94LS-BmMf, was 19G1 (1/6000; Southern Biotechnology Associates, Birmingham, AL; SBA

supplied by the Filarial Genome Project (27). 1070-05), anti-lgG2a (1/200 for C57BL/6 and 1/4000 for other strains;
. . . . . SBA 1080-05), anti-lgG2b (1/4000; SBA 1090-05), or anti-lgG3 (1/1000;
Mice, immunization, and infection SBA 1100-05) were used. For human IgG isotypes, isotype-specific mouse

mAb anti-lgG1 (1/4000; SkyBio, Wyboston, U.K., M15015), anti-lgG2
(1/2000; SkyBio, M10015), anti-lgG3 (1/1000; SkyBio, M74011), or anti-
lgG4 (1/4000; SkyBio, M11013) were employed.

Female BALB/c mice were immunized with Ags with or without IFA and
CFA, purchased from Sigma (St. Louis, MO). Other strains were used fo
some experiments as indicated in the text. For infection studies, mice wer
injected i.p. with 300,00. malayiMf.

Study populations Immune screening of cDNA library and DNA sequencing

The study population resided in the Rengat District of Sumatra, IndonesiaThe B. malayi Mf cDNA expression library was screened using murine
an area endemic fd8. malayi.Two groups of 20 subjects were categorized antisera (preadsorbed agaifsicherichia coliysate) diluted at 1/400. Im-

as follows: 1) endemic normal: asymptomatic, Mf negative on Nucleporemynoreactive plaques, detected using peroxidase-conjugated rabbit anti-
(Pleasenton, CA) filtration of venous blood, with no history of filarial dis- 1,ouse IgG (Dako, Copenhagen, Denmark) and the tetramethyl benzidine
ease; and 2) microfilaremic: Mf positive on Nuclepore filtration. Serolog- memprane peroxidase substrate system (Kirkegaard & Perry Laboratories,
ical and cellular immune responses in these subjects have been descr'bé%ithersburg MD) were purified to homogeneity by two subsequent
previously (15, 28). PBMC from some of these individuals and from pa- . \hqs of Jow density plaque screening. Bluescript phagemids were then

tients with elephantiasis were taken for in vitro cytokine responses. Ser%xcised from positive clones using the manufacturer's protocols and se-

were also obtained from five endemic normal subjects and 13 microfila- uenced. All sequencing was performed on an Applied Biosystems 377
remic patents 2 years after beginning chemotherapy with diethylcarbamg : d g p pp Y

: o tomated sequencer with the ABI PRISM Dye Terminator cycle sequenc-
azine (DEC). Low dose DEC therapy (100 mg/wk) (29) was administerec®" _ :
for up 2 years, with an annual boost 0P8 100 mg for 10 consecutive "9 method (Perkin-Elmer, Palo Alto, CA). Sequence analysis was per-

days. One individual was drawn from a study in Palu, South Sulawesiformed using MacVector program version 6.0 (Oxford Molecular Group,

Indonesia, in which asymptomatic microfilaremics were sampled over 20xford, U.K.). Sequence searching was performed with the BLAST algo-
years before chemotherapy (30). rithm (33) using the National Center for Biotechnology Information

BLAST server.
SDS-PAGE electroelution

Mf were heated at 100°C for 10 min in SDS-PAGE loading buffer con- c . f i . d DNA
taining 2-ME and were centrifuged at 14,080g for 30 min. The super- | onstrgctlgn of mammalian expression vector an
natant was loaded onto 15% SDS-PAGE gels. After electrophoresis, slicggnmunization

from each side of the gel were stained with Coomassie blue, and the main ) )
gel was cut horizontally into 13 fractions. Gel slices were placed intoPCDNA3.1(-) (Invitrogen, San Diego, CA) was used to construct a Bm-

molecular porous membrane tubing (Spectrum, Laguna Hills, CA), and the?PN-2 mammalian expression vector, designated Bm-spn-2/pcDNAS.1(
proteins were electroeluted on a Western blot transfer apparatus (HoeffeFhus, the forward primer PCDNA-SERPIN'(EGGG CCCGCCACCATG

San Francisco, CA) for 2 h. After elution, all samples were dialyzed agains©AGCTTTTCGAAGTA-3) is homologous to bp 31-44 &m-spn-ZDNA

PBS at 4°C for 48 h. Precipitated SDS and SDS-protein complexes wer€34) and contains aApd site and the mammalian Kozak sequence for trans-
then removed by centrifugation at 14,080g for 30 min, and the soluble  lation initiation; the reverse primer pcDNA3.1 (2R){BGGTGAATTCATA
fraction was passed through a Qu#a pore size filter. Fractions were vi- GACAATTCGC GTGGATA-3) contains arEcdRl site and is homologous to
sualized by SDS-PAGE and silver staining to determine the moleculabp 1380-1361. The DNA produced by PCR using primers PCDNA-SERPIN
range of proteins within each fraction. The protein concentration in eactand pcDNA3.1 (2R) was subcloned into the pcDNA3:.1@pd and EcaRlI
fraction was determined by Bradford assay. sites to express Bm-SPN-2. The positive constructs were examined by DNA
. . . sequence. Large scale preparations of Bm-spn-2/pcDNAB@déasmid DNA

Cell sorting using magnetic beads were prepared using the Qiagen EndoFree Plasmid Mega Kit (Valencia, CA)

The MACS magnetic cell sorting system (Milteyni Biotec, Bergisch Glad- and eluted in 0.9% sodium chloride solution. The 260:280 ratio of plasmid
bach, Germany) was used for purification of CDZ cells by positve =~ DNAis >1.8. For DNA immunization, 10Qg of Bm-spn-2/pcDNA3.1()
selection. Splenocytes were stained with MACS CD4 (L3T4) MicroBeadsplasmid or pcDNA3.1{) alone as a control was injected into the quadriceps
(model 492-01, Miltenyi Biotec) and then added to an-MSeparation ~ muscles of mice. Two weeks later, the mice were boosted withpdof
column (model 422-01). Positively selected CD#% cells were obtained  plasmid DNA. Blood was taken for Ab measurement 2 wk after the booster.
after removal of the column from the magnet. More than 90% of recovered

cells expressed CD4, as determined by flow cytometry.

T cell proliferation and cytokine assays Expression and purification of proteins B coli

Primers serpin-Exp.F (CAACAGTACTTTAAACCATTGTTCTG), corre-

Murine popliteal lymph node cells or purified CDA cells were incubated onding to bases 87-111 of tBen-spn-2:DNA (34), and Serpin-Exp.R

as previously described (31), except that irradiated (2000 rad) spleen cel
were used as APC. After culture for 60 h at 37°C, J00f supernatant TAACCTTTGTCTTTTTTTCG GTGTTTCC), complementary to bases

was removed from each well for cytokine analysigiQi of [*HJthymidine ~ 1283-1310, were designed for in-frame expression of the Bm-SPN-2 ma-
was then added to each well, and plates were incubated for 12—18 h at 37¢¢re protein (aa residues 21-428) in the pET-29 T-Vector (Novagen, Mad-
before harvesting and counting. For human lymphocyte assays, FicolliSOn, WI). This construct, designated Bm-SPN-2/pET-29, was sequenced
Hypaque-isolated PBMC were prepared in Iscove’s medium containing® confirm the fidelity of its reading frame. A control recombinant protein,
20% human serum and incubated ak 1L.0° cells/well in 200l triplicate Bm-MIF-2G (X. Zang et al., manuscript in preparation), was expressed in
cultures. After incubation for 5 days at 37°C, 100of supernatant was the same system. Bm-SPN-2/pET-29 and Bm-MIF-2G/pET-29 were trans-
removed from each well for cytokine analysis, and thymidine incorporationformed into BL21(DE3)E. coli. Transformed BL21(DE3) cells were in-
was assayed as described for murine cells. Murine (31) and human (32juced with 1 mM isopropyl-1B-p-galactopyranoside (Stratagene, La Jolla,
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FIGURE 1. Strategy used to
isolate T cell-stimulating Ags
from Mf. Microfilariae of B. ma-

layi (A) were solubilized in SDS-
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CA) for 4 h at37°C, then harvested, and sonicated. Recombinant Bm'ResuIts
SPN-2 and Bm-MIF-2G, containing six C-terminal histidine residues (His- . . . . .
Tag), were purified by affinity chromatography over His-Bind resin. The ldentification of T cell-stimulating fractions frol. malayi Mf

purified recombinant proteins were dialyzed in TBS (150 mM NaCl and 20 [ ; ;
mM Tris-HCI, pH 7.9) for 48 h at 4°C and then passed through ~ ““Lymph node cells from BALB/c mice immunized with MfA, when

pore size filter. challenged in vitro with MfA, show strong proliferative responses
and Ag-specific release of IL-4 and IFN{31). We challenged
Western blot MfA-primed lymph node cell populations with fractionated Mf

Proteins mixed with an equal volume ok2SDS-PAGE sample buffer proteins, separated by SDS-PAGE and recovered by electroelution

were boiled for 10 min. Insoluble debris was removed by centrifugation,(Fig9- 1). Thirteen distinct fractions were measured for T cell an-
and SDS-soluble proteins were separated by SDS-PAGE and transferrdtgenicity, with maximal activity observed in fractions 1 and\2, (
tonitrocellulose membranes. Blot strips were incubated with mouse antiregion of 130—220 kDa) and in fractions 8 and 9 (35-55 kDa) as

recombinant Bm-SPN-2 or control mouse sera, diluted 1/4000, and the ; ; _ _ _
with peroxidase-conjugated rabbit anti-mouse IgG (Dako). The bound Abilne"jlsurecj by T cell proliferation and IL-2, IL-4, and IFNpro

were detected by chemiluminescence on addition of the luminol-based erfduction (Fig. 1). A moderate response was mounted to fraction 6
hanced chemiluminescence substrate (Amersham, Aylesbury, U.K.).  (50-65 kDa).
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As an alternative approach to identify T cell Ags, MfA were Immune responses to Bm-SPN-2 by Ag-immunized mice
separated into 30 fractions by fast protein liquid chromatographyTo assess whether Bm-SPN-2 was indeed a T cell-stimulating Ag,

All .fr.actions were tested,.and only one major T cell-stimulating we examined cellular immune responses to Bm-SPN-2 in BALB/c
activity was observed eluting at 0.6—0.7 M NaCl (data not shown), .- immunized with MfA or Bm-SPN-2. Popliteal lymph node

suggesting that more T cell Ags were found by SDS-PAGE elecg|s from MfA-immunized mice, when challenged in vitro with

troelution, although this is a less refined system than fast protelrﬂ/lfA’ produce substantial amounts of IFNand IL-4 (Fig. ).
liquid chromatography. However, an exclusive IFN-response without accompanying
IL-4 was seen on challenge with Bm-SPN-2 in vitro (Figh)3
implying that Bm-SPN-2-specific T cells primed in vivo were pre-
dominantly of the Thl phenotype. It was noted that cell prolifer-
To identify specific proteins in the most strongly T cell-stimulating 5tion was dramatically depressed by high concentrations of Bm-
fraction, murine antisera were raised to Mf fractions 8 and 9 (Fig.spN-2, which is in agreement with previous observations that
1) and used to screenk malayiMf cDNA expression library.  some proteinase inhibitors inhibit T cell proliferation (20, 38, 39).
Three positive clones were isolated, one of which was found tQn, mice immunized with recombinant Bm-SPN-2, only IFN-e-
encode a 428-aa protein of the serpin (serine proteinase i”hibim@ponses were mounted on challenge with cognate Ag (. 3
family, designated Bm-SPN-2, for which the gene sequence, tran- Bm-SPN-2-specific Ab responses were also measured in mice
scription pattern, and evolutionary homology have recently beefymuynized with Mf, comparing strains with three different MHC
described (34). The other two clones were novel. In a control li-5q background genotypes, BALB/c (H}2C57BL/6 (H-2), and
brary screen, antisera from mice immunized with unfractionatedcga/ca (H-2). Mice were injected s.c. with MfA or PBS as a
MfA identified five positive clones, all of which were paramyosin gntrol and then challenged with Mf, and serum was recovered for
as previously isolated with Abs to whole parasite (35). isotype-specific Ab analyses. All mice had strong humoral re-
sponses to total Mf Ag, and both BALB/c and C57BL/6 strains
produced anti-Bm-SPN-2 Abs (FigA% CBA/Ca mice, however,
Two Stl’iking features of Bm-SPN-2 are that the gene is eXpresseﬂ[ere p00r|y responsive to the Bm-SPN-2 Ag Despite mu|t|p|e
Only in the Mf stage, in which it is one of most abundant transcriptsimmunizations and a strong response to total Mf Ag’ no Specific
(>2% mRNAs), and that recombinant protein specifically inhibits |gG was evident on day 20 after the final immunization or at any
enzymatic activity of human neutrophil-derived cathepsin G andater time assayed up to day 60. There was, however, some Bm-
elastase (34). Bn-SPN-2 contains a typical signal peptide (Aig. 2 SpN-2-specific IgM production (data not shown). The IgG sub-
residues 1-20), and specific Abs against recombinant Bm-SPN-giass profiles of responder mice showed a bias toward IgG1, par-
recognized a single 70-kDa component in Mf ES products (Figticularly in C57BL/6 animals. However, when DNA immunization
ZB), no reaCtiVity was seen with normal mouse sera. These resultﬁ/ith a mammalian vector expressing Bm-SPN-2 was emp|0yed’
suggest that Bm-SPN-2 is a secreted protein. However, the EBALB/c mice produced high levels of Bm-SPN-2-specific 1gG2a
band recognized by specific Ab is significantly larger than thEand 1gG2b and moderate 1gG1 responses (FR). 4

Bm-SPN-2 monomer (47.5 kDa) (34). An obvious explanation

would be that the ES band represents a complex between BnBm-SPN-2 stimulates the production of IRNand IgG1 in Mf-
SPN-2 and a protease in the ES products. Indeed, a feature @ifected mice

serpin-serine proteinase interactions is the formation of a Stablf?eco nition of BM-SPN-2 was then evaluated in mice receivin
complex that does not dissociate during SDS-PAGE (36). A pre- 9 9

vious study with the distantly related larval-specific Bm-SPN-lINe Mf by i.p. transplantation, a procedure known to elicit an early

indicates that this protein also exists as a complex in L3 ES, but a‘éhl-type response (31). CD4splenic T c_eIIs from Mf-lnfec_ted
. - ALB/c mice responded to Bm-SPN-2 with strong production of
a monomer in somatic extracts (37).

IFN-v, but no IL-4 or IL-5, within 14 days of infection (Fig. 5). At
this time, the level of the IFNs response to Bm-SPN-2 was ap-
proximately equal to that elicited by MfA. Interestingly, 3 wk later

Identification of the serpin, Bm-SPN-2, as an Mf-derived T cell-
stimulating Ag

Bm-SPN-2 is a secreted, stage-specific Mf Ag

A B (on day 35) the Bm-SPN-2-specific IFN+esponse had disap-
Hydrophilicity kDa peared, while both IFN+ and IL-4 responses to MfA rose signif-
5.0 icantly (Fig. 5). Likewise, MfA-specific IL-5 was produced by day

94 35, but this cytokine was produced at no time in cultures stimu-
30

lated with Bm-SPN-2 (data not shown). An unrelated control pro-
tein, Bm-MIF-2G, expressed and purified using the exactly the
same vector system (X. Zang et al., in preparation), stimulated no
T cell responses in Mf-infected animals. These data show that
Bm-SPN-2 stimulates a strong, but short-lived, Thl response in
Mi-infected mice. Ab responses in these mice indicated some type
2 stimulation had occurred, as a weak Bm-SPN-2-specific IgG1
response was detectable on day 35, but not on day 14 (data not
shown). In contrast, Mf-infected mice displayed high levels of all
IgG isotypes to MfA at both time points (data not shown).

. MMm“p .

-3.01] =*— signal peptide
30

-5.01

T T T T T T T T
50 100 150 200 250 300 350 400
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FIGURE 2. Secretion of Bm-SPN-2 by Mf in vitroA, Hydrophilicity Human IgG isotype response to Bm-SPN-2
plot of Bm-SPN-2 amino acid sequence predicts that residues 1-20 form a . . . L
typical signal peptideB, Western blot of Mf ES products probed with To demonstrate the antigenicity of Bm-SPN-2 in human filariasis,

mouse anti-recombinant Bm-SPN-2. A band at an apparent molecular mad€ four isotypes of filarial-specific IgG Abs from 40 subjects (20
of 70 kDa is specifically recognized. No reactivity was seen with normalmicrofilaremic and 20 Mf-negative endemic normal subjects) were
mouse sera. determined for reactivity against BmA, MfA, and Bm-SPN-2 (Fig.
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mice, primed with MfA @) or Bm-
SPN-2 B) and challenged in vitro 30
with MfA and Bm-SPN-2 at the indi- ~ i 30-
cated concentrations, are shown. Prim- £
ing consisted of a primary dose in CFA 0
and a secondary immunization in IFA. > 20 - 204
Popliteal lymph node cells were taken -
10 days following the boosting dose. ,j
Proliferation was measured by tritiated - 10
thymidine uptake at 72 h in culture. Su- 7 10+
pernatants were taken after 60 h in cul- T T
ture, and cytokines were measured by IL‘ '—T—-I
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say for IL-4 (31). Results are expressed 40 60
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6). One striking feature of this subclass analysis is the predomitgG isotype level in microfilaremic patients after drug treatment
nance of IgG1 and IgG4 Abs to both parasite extracts and recom-
binant protein. All microfilaremic patients generated BmA- and Antifilarial Ab levels are known to decline following effective drug
MfA-specific IgG1 and IgG4 responses above the threshold levelreatment, and IgG4 decays more rapidly than other isotypes (40).
for positivity, calculated as the mean of European normal controWe therefore tested specific Ab levels in a set of 13 microfilaremic
values+ 3 SD, while most endemic normal subjects were alsopatients and five endemic normal subjects, for whom samples were
seropositive for specific anti-filarial IgG1 and 1gG4. available from before and 2 years after commencement of long
Interestingly, every microfilaremic patient was positive for Bm- term, low dose DEC therapy. Both IgG1 and IgG4 to BmA and
SPN-2-specific IgG1 and IgG4 (Fig. 6). While most endemic nor-MfA decreased after treatment (Fig. 7). However, many patients
mal subjects were IgG1 positive, far fewer (30%) showed positiveremained seropositive even 2 years following treatment when as-
IgG4 recognition of Bm-SPN-2. The three endemic normal sub-sayed for IgG1 and 1gG4 against MfA (5 and 7 of 13 positive,
jects with very high 1IgG4 levels against Bm-SPN-2 also expresse®8-54%) or against BmA (10 of 13 positive, 77%). In the endemic
high 1IgG4 Ab responses to MfA and BmA, suggesting that thesenormal subjects, whose infection status was ambiguous, there was
individuals might harbor a cryptic infection. also a slight decrease in the level of Abs after treatment.
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FIGURE 4. Serum isotype responses in mice immunized with Mf and Bm-SPN-2 plasmid BNBALB/c, C57BL/6, and CBA/Ca mice were injected

s.c. four times in 14 days with 1@g of MfA or PBS as a control and then challenged with 2 3.0° Mf i.v. Twenty days after the final immunization,

MfA- and Bm-SPN-2-specific serum IgG isotype levels were measured by EIBSBALB/c mice were injected with 100.g of Bm-spn-2/pcDNA3.1{)

or pcDNA3.1(-) as a control and were boosted 2 wk later. Sera were collected 2 wk after the final immunization, and Bm-SPN-2-specific 1gG isotypes
were measured by ELISA. Results are expressed as the mezid of four mice in each group, with control OD values subtracted.

The level of Abs to Bm-SPN-2 changed much more dramati-the uninduced levels. This response was not restricted to any dis-
cally, and all patients except one converted to seronegativity foease category. In only one of the same patients did Bm-SPN-2
anti-Bm-SPN-2 IgG1 and 1gG4 following treatment (Fig. 7). The induce a rise in IL-5 production, to little more than double the
levels of 1IgG2 and IgG3 were also determined before and aftebackground level (data not shown).
treatment, and no significant changes were found, except for IgG2
to BmA, which slightly decreased 2 years after treatment (data noDiscussion
shown). The complexity of parasite genomes and the diversity of proteins

In filariasis, microfilaremic patients occasionally clear their Mf they encode have yet to be matched by a thorough analysis of
without drug treatment. During the course of a longitudinal study,immune recognition of any eukaryotic pathogen. The disparity is
serum samples had been taken from an individual before and afteiccentuated in the case of T cell specificities, because of the ob-
such spontaneous clearance (30). We determined the 1gG isotypgacles in identifying class Il-restricted T cell-stimulating epitopes
kinetics of serum Abs to filarial Ags over a 2-years period (Fig. 8).(2, 3). A small number of parasite T cell Ags, such as Ldp23 from
High levels of IgG1 and IgG4 to BmA, MfA, and Bm-SPN-2 were Leishmania donovani41), LACK from Leishmania major(42),
found at the initial time point at which the patient was Mf positive and Sm-p40 fronSchistosoma manso(3), have recently been
(100 microfilariae/ml blood). Within 6 mo the patient had becomeidentified by directly screening T cell determinants. In filarial par-
Mf negative, and IgG4 to Bm-SPN-2 was undetectable. Bm-SPN-2isites, T cell-stimulating activity segregates, with certain Ag frac-
specific IgG1 decreased dramatically, but remained at a low levefions containing as yet unidentified proteins (44, 45), while a sep-
for the duration of the study period. In contrast, in response taarate study has identified the gp15/400 protein as an inducer of T
crude BmA and MfA extracts, IgG1 and IgG4 were maintained atcell responses (46).
high levels for 2 years after clearance. This result concurs well There is an urgent need to develop comprehensive approaches
with the IgG isotype analysis from microfilaremic patients andfor direct identification of CD4 T cell Ags from parasites. Using
endemic normal subjects (Fig. 6), suggesting that high titers of Aka biochemical strategy, we report here thatBhenalayiMf stage-
against Bm-SPN-2, especially 1G4, are diagnostic of an activepecific secreted serpin, Bm-SPN-2, is a prominent T cell Ag.
filarial infection. However, this approach requires relatively large quantities of par-
asite material and is suited only to identifying prominent T cell-
stimulating proteins such as Bm-SPN-2. Bacterial expression li-
We then tested the level of responsiveness to Bm-SPN-2 of pebraries can provide exogenous proteins for MHC class |l
ripheral T cells from 15 endemic patients of different status. Aspresentation by APC (47, 48), but screening libraries directly by
shown in Fig. 9, most individuals showed enhanced f-ilease  expression in class ll-positive mammalian APC would provide the
on stimulation with Bm-SPN-2, displaying increases up to 5-fold most systematic and sensitive strategy (49).

Human T cell response to Bm-SPN-2

IFN-Y (U/ml) IL-4 (pg/ml)
FIGURE 5. Cytokine responses in T cells from 0 10 20 30 40 5 0 200 400 600 800
Mf-infected BALB/c mice. CD4 T cells isolated : : ; : ' ; : :
from splenocytes at early (14-day) or late (35-day) Medium

phases of infection with 300,000 M) were
compared with control uninfected micelf upon
stimulation with MfA, Bm-SPN-2, or Bm-MIF-2G

at 10ug/ml in the presence of APCs. Supernatants
were taken after 60 h in culture, and cytokines Bm-SPN-2
(IL-4 and IFN-+y) were measured by ELISA. Re-

sults are expressed as the measD of five mice

in each group. Bm-MIF-2G

MfA
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The Bm-spn-2gene is one of the most highly expressed tran-ample, the overall response to Mf, as measured by responses to
scripts in the Mf stage, representing?2% of the mRNA (34), and  MfA, switches from an early Thl pattern, to a more mixed Thl/
its protein product is secreted by blood stage parasites. Because Mh2 reaction after 28 days (31, 50). Thus, this switch could result
are continually produced even in low level infection, it is perhapsin or depend upon the termination of the Th1-restricted response to
not surprising that Bm-SPN-2 is also one of the most stimulatoryBm-SPN-2.

Ags from B. malayifor both Ab and T cell responses in rodents  Similar to the mouse model, the human response to Bm-SPN-2
and human patients. However, in contrast to whole parasite Aghows both type 1 and type 2 characteristics. When peripheral T
preparations, Bm-SPN-2 does not elicit a typical Th2-dominateccell populations were challenged in vitro, Bm-SPN-2 induced
profile in Mf-infected mice, and this one protein can stimulate asmore consistent IFN+ responses, and yet there were universally
much Th1 cytokine production as can whole Mf Ag (MfA). More- high titers of Bm-SPN-2-specific IgG4, an isotype that is known to
over, the Bm-SPN-2-specific response is remarkably short-livede IL-4 dependent and associated with a Th2 response in humans
for such a potent Ag, unless multiple immunization with protein (51, 52). In this respect, the Bm-SPN-2 response is consistent with
extracts is employed. Although Mf may cease Ag secretion and/othe general nature of the human immune response to filarial infec-
die in rodents, the early termination of the response suggests th#bns, in that the 1gG4 isotype is unusually predominant, repre-
a specific down-regulatory mechanism comes into play. For exsenting 50—95% of the total IgG response (14, 15, 53) in contrast
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FIGURE 7. Decline in IgG1 and IgG4 Abs following chemotherapy. Changes in IgG1 and 1gG4 responses to BmA, MfA, and Bm-SPN-2 in five
Mf-negative endemic normal subjec®)(and 13 microfilaremic patient®)] before and 2 years after DEC treatment. The serum sample with the highest

Ab level was designated 10,000 U/ml and used to calibrate a standard curve. Each serum sample was measured by ELISA for IgG1 and 1gG4 using plate

coated with BmA, MfA, or Bm-SPN-2, and Ab concentrations were calculated according to a regression line. The cutoff values are representethby horizon
lines and are derived from the mean of 10 European normal control vall2s$D.
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100000 declined sharply after DEC therapy, with most patients reverting to
. '\.—.—.\' 0— IgGlioBmA seronegativity. In agreement with this observation, previously high
§ 10000 —®— IgGdtoBmA levels of Bm-SPN-2-specific IgG4 and IgG1 were lost in a case of
E natural elimination of Mf, although both isotypes remained mea-
g 10007 O IeGlioMiA surable against BmA and MfA over a 2-year period. These results
£ = IgGato MIA suggest that a high level of Bm-SPN-2-specific Ab, especially
£ 1097 1gG4, is a diagnostic indicator of infection with. malayi.There-
£ —o— IgG1to Bm-SPN-2 964, > g : .y ’ .
° ] fore, this Ag could well be used to generate new diagnostic tests
2 10 —&— IgG4 to Bm-SPN-2 o . . . .
3 for both individual infection and community parasite loads.
& pegative —_—,— : The wide distribution of serpins and their ability to regulate a

m.o o 0 0 variety of divergent proteinase-dependent physiological functions,

such as blood coagulation and complement activation (36), pre-
FIGURE 8. Kinetics of IgG1 and IgG4 responses in a microfilaremic vVention of apoptosis (59, 60), suppression of tumor cells (61, 62),
patient for whom serum samples before and after natural parasite clearane#d regulation of the Toll signaling pathway (63), show that they
are available. Blood samples were taken every 6 mo for Nuclepore filtraare intimately involved in a host of biological processes. In several
tion assays to verify amicrofilaremic status. Ab levels were measured bgystems, serpins from viruses have been implicated in pathogen
ELISA for IlgGland IgG4 using plates coated with BmA, MfA, or Bm- ayasion of the host immune system (64, 65). The ability of Bm-
SPN-2 Ags. SPN-2 to specifically inhibit two human neutrophil-derived serine
proteinases, cathepsin G and elastase, provides the first example of
ndfunctional serpin from nematodes that may be important in this
that a;-antitrypsin, a physiological serpin that neutralizes neutro context (34). Our finding that Bm-SPN-2 is a pro.mlnent target.c.)f
phil ellastase seléctively up-regulates human B cell differentiatio both Tand B cell res.po.nses may seem at odds with the proposmon
into IgE- and IgG4-secreting cells (55). This effect was not ob-qhat the same protein is an important compo_nent of parasite sur-
’ vival strategy. However, clear precedents exist, such as the HIV

;eprxleg mt:' r? tk:er rr?ar;:rr;ie;hanhs?r:plnnﬁ. Tt?e Eicl)ssl"b't“ty th;tl Bnn:- 120 glycoprotein (66) and tHlasmodium falciparunvar Ags
-2, which also neutralizes human neutrophil elastase (34), 7). Such molecules are likely to be at the center of the evolu-

act as a costimulus for 1IgG4 switching remains open. tionary “arms race” between the host and pathogen.

The most widely used method for diagnosis of filarial infection There are few effective vaccines against helminth pathogens

IS e>§am|nat|(t)n Ofl tt;lloog for le.’ Wh;;h’ Sue to Mfthpenodlcny, (25), and while chemotherapy is often curative, it provides no pro-
requires nocturnaj blood samp |ng.( ). However, there are PraCe ction from reinfection. One of the remarkable features of the Mf
tical and biological limitations to this approach. Ideally, the night

blood test should b laced b ol loai fstage ofB. malayiis its longevity, which is likely to be many
00d smear test should be replaced by a Simple Serologic assay 1f, s i the bloodstream. The survival of Mf provides a reservoir
lymphatic filarial infection. Novel Ag detection assays hold great

romise. but as vet are unreliable Brugia infection (56). More of infection in an endemic community, but also a clear target for
Eroadl ,the assgssment of communit gbased disee(tse)r.nana eminttervention. We suggest that Bm-SPN-2 is an important compo-
Y, Y 9 &nt of the parasite’s survival strategy, and as an Mf stage-specific
strategies, such as mass chemotherapy and vector control, and t

i . i T B cells, i i
evaluation of new drug protocols would be enhanced with know 8 recognized by T and B cells, it may prove to be an appropriate

molecular markers that decline with the removal of parasite inf arget for vaccination or pharmaceutical attack. Bm-SPN-2 vacci-
i %ecrutran rii ei Sn f” helcv? ] Gi:bro a on pa ﬁsvel si'nation trials, including DNA immunization, which provoked
on ortransmission. High Ievels otg esponses have e otrong immune responses to Bm-SPN-2, are now in progress.

the suggestion that high titers of this isotype are diagnostic 015
filarial infection (14, 15, 57), even as measured against a comple)g\cknOwledgmemS

mt;Xtur? of p,araSIte Ags. Fo,r, example, afl’ech,‘ﬂF.S::Udy reporti? thq;\le thank the Filarial Genome Project for cDNA libraries and Andrew

about four times more positive casesifmal ay”r? eCt'on_Cou _ MacDonald, Bill Gregory, P'ng Loke, Martin Holland, and Mark Blaxter

be detected by IgG4 ELISA than by the conventional microscopiGg, invaluable assistance.

method (58).
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