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ABSTRACT

Brugia and Wuchereria are the mosquito born nematodes and causes major tropical disease lymphatic filariasis.
More than 100 million people are infected and at risk of acute lymphangitis and elephantiasis. Vaccine against
filariasis may be developed by targeting stage specific proteins like 2™ stage larval(L2) protein transglutaminase
and 3" stage larval(L3) protein abundant larval transcript-1 and -2 (ALT-1 and ALT-2). This review is based on
research on targeting ALT-1 and ALT-2 protein as vaccine. The ALT-1 and ALT-2 (antigens) were developed using
mMRNA of larva. The peptide chains of targeting proteins were sequenced and cDNA library developed. These cDNA
libraries help in development of genes of desired protein. Newly constructed genes wer e expressed in host (bacterial
vector) and isolated by downstream processing with the help of IMAC. These isolated proteins were infected in lab
animals (susceptible rodentsii.e. jirds) and immune response studied. The antibody titer measured by taking spleen
of test animal. The animals immunized with ALT-1 or TGA proteins shows upto 76% reduction in parasitic survival.
Stage specific proteins are therefore strong candidates for a future vaccine against human filariasis.
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INTRODUCTION

The thread-like, parasitic filarial worniB ugia malayi andWuchereria bancrofti cause lymphatic filariasis and live
almost exclusively in humans. These worms lodgthénlymphatic system, the network of nodes andelegbat
maintain the delicate fluid balance between thsutis and blood and are an essential componenhdobddy's
immune defense system. They live for 4-6 yearsgdueimg millions of immature microfilariae (minutarVae) that
circulate in the blood

Vaccines against filariasiaust generate immunity to the infective mosquitasal third-stagearva (L3) without
accentuating immunopathogenic responsesyrmphatic-dwelling adult parasites. Two highdpressed genes
designated as abundant larval transcript-1 arfdtad andalt-2). ALT-1 and ALT-2 share 79% amino acid identity
acrossl25 residues, including a putative signal sequamcea prominerdcidic tract. Expression @lt-1 andalt-2

is initiated midwaythrough development in the mosquito, peaking in itifective larva and declining sharply
following entry into the host. Humamxposed tdBrugia malayi show a high frequency of immunoglobulBi
(IgG1) and 1gG3 antibodies to ALT-1 and -2, distilghingthem from adult-stage antigens, which are targbted
the lgG4isotype. Immunization of susceptible rodents (jiradth ALT-1 elicited a 76% reduction in parasite
survival, the highest reportéal a single antigen from any filarial parasite. Il and thelosely related ALT-2 are
therefore strong candidates for a futuaecine against huméitariasis.

The parasites have a compld& cycle in which mosquito-borne infective thistage larva€lL3) invade the human
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body, mature to adult worms, and prodiarge numbers of newborn larvae (microfilariae) ebhimust transithe
mosquito vector in order to develop to L3 [1]. Qvdiseaséhas a major immunopathologic component, and a
prominent risk ofvaccination with filarial antigens is exacerbatiaf pathology [2,3,4]. The target of
immunopathological reactiontsowever, is thought to be the long-lived adult wamnd not thénfective larva

EXPERIMENTAL SECTION

A Brugia malayi parasite was obtain from Laboratories and mainthime feedingAedes aegypti mosquitoes with
microfilariaein blood. Mosquitoes were maintained for up to a2sdand crushet recover infective larvae by
baermannization. Jirds aifected with around 300 infective larvae intrapmreally, and peritonealdult worms
and microfilariae can be recovered 3 or more mdaths.

Genomic cloning:

A Uni-ZAP XR cDNA library of the infective L3 oB. malayi was obtained and used as a template for generaition
cDNA by PCR amplification using primers flankingetkDNA inserts. PCR parameters were 95°C of deatidur
for 30 s, 55°C of primer annealing for 30 s, 729omer extension for 3 min and cycled for 30 @l A final
extension of 5 min was performed at 72°C beforeirggothe samples at 4°C. PCR was performed withT éfioo
DNA polymerase (Stratagene, La Jolla, Calif.) thamce the fidelity, sensitivity and yield of PCRoguct. The
forward primer for PCR was T3 primer with sequeB6®ATTAACCCTCACTAAAGGGSI whereas the reverse
primer was T7 promoter primer with sequent@MAATACGACTCACTATAGGG 3. PCR products were purified
using the QIAquick PCR Purification kit (Qiagen, I&facia, Calif.) and size fractionated to selectdmeis of >300
bp length, using CHROMA SPIN columns (Clontech,oPAlto, Calif.). The PCR products were digestedhwit
EcoRI and Hindlll enzymes and ligated to similadigested phage display vector T7Select 1-1 closiygtem
(Novagen, Madison, Wisc.). The library was packaigedtro, titered and amplified as per the proaeduoutlined
in T7Select system. Length and frequency of ingertivas verified by PCR amplification of randomlyexted
clones.

BIOPANNING-The strategy used for biopanning the ébhbrary of B. malayi, to select EN specific clones that
displayB. malayi gene products on the surface of T7 bacteriophaigds of a high binding microtiter plate (Pierce
Chemicals, Rockford, Ill.) was coated overnigh4&€ with 1:100 dilutions of a pooled serum samfteni 10
individuals) from NEN, MF, CP or EN individuals. #&f washing the wells with phosphate buffered salin
containing 0.1% Tween 20 (PBST), nonspecific sitese blocked with 5% bovine serum albumin (BSA) Idn at
37°C. For iterative screening, 1Q0of T7Select library (containing ¥bPFU/mI) was first added to wells coated
with NEN sera and incubated for 1 h at room tempeea Unbound phages were removed from the welts an
transferred to wells coated with CP sera. After bfhincubation at room temperature, unbound phagese
removed and transferred to wells coated with MR serd incubated for 1 h at room temperature. Unth@imrages
were again removed from the wells and transferveddlls coated with EN sera. After a final incubatifor 1 h at
room temperature, the unbound phages were discéihitetime by washing the wells five times with PBS he
bound phages were then eluted with 20@f T7 elution buffer (TBS in 1% sodium dodecyllfste [SDS]) and
amplified by infectingescherichia coli host BLT5403. The amplified phages were then stibfeto another three
rounds of selective screening as above to enrigleltnes that are highly specific for EN sera.

SEQUENCING AND ANALYSIS - After four rounds of bigmning, the final enriched EN specific clones were
plated and single pure plaques were isolated. ThéAcinserts in these plaques were amplified by P@&hg
primers flanking the inserts. PCR primers were T€88P with sequence of GGAGCTGTCGTATTCCAGTC3
and T7SelectDown primer MACCCCTCAAGACCCGTTTASI. PCR conditions were denaturation for 1 min at
94°C, primer annealing for 1 min at 50°C and prim&ension for 1 min at 72°C for a total of 30 @xlIQIAquick
columns (Qiagen) were then used to purify the P@RIiycts after a final extension for 5 min at 72Bdds of the
amplified PCR products were converted into bluntiseand cloned into pST Blue-1 Vector (Novagen). The
nucleotide sequence of selected cDNA inserts in-BB€ was determined at the DNA core facility ofeth
University of Illinois Chicago. Sequences were gpedl by BLAST (www.ncbi.nlm.nih.gov) searches witte
GenBank database. Further analysis by multiple exgzpi alignment was performed using the Clustalw
(www.ebi.ac.uk) program.

PLAQUE LIFT HYBRIDIZATION ANALYSIS- To determine th abundance and frequency of the clones, a plaque
lift hybridization analysis was performed. BriefPNA probes were prepared by PCR amplifying theegemsing
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insert specific primers and labeling with horseshdperoxidase (HRP) (Amersham). EN specific plaquese
plated at a dilution of I8 and the plaques were transferred to five differgmocellulose nylon membrane (Hybond
N+) discs (Amersham) by replica plating for 5 miiine blots were then denatured on filter papersatgd with 0.5
M NaOH and rinsed twice with 0.5x SSC (1x SSC i6M NaCl plus 0.015 M sodium citrate). Followirgst the
blots were transferred to hybridization buffer @ning the probes and hybridized for 4 h at 42°@eAcompletion
of the hybridization, blots were washed twice wptimary wash buffer (6 M urea, 0.4% SDS and 0.5XS&
42°C for 20 min followed by two secondary washes §5C) at room temperature for 5 min. An ECL kiswaen
used to detect the hybridization signals (Amersha&®ppts in each blot were then counted using Sigaa®ro
software and later confirmed by manual counting.

Expression, antibody production, and western blotting:

A recombinant construct of BmALT-2 in T7 expressioector was maintained in XL-1 Blue (Stratagene)r F
expression, the recombinant plasmid was transformexdBL21 (DE3) pLysS (Invitrogen, Carlsabad, Calio
minimize toxicity due to the protein. When the cu#ts reached an optical density of 0.7 at 600 hrmM
isopropyl-1-thiop-d-galactopyranoside was added to the cultureadade gene expression, and the cultures were
incubated for an additional 3 hrs. Total proteimsevseparated in SDS-12% polyacrylamide gel elpbtesis, and
the presence of histidine-tagged protein was codit using an anti-Xpress antibody (Invitrogen). Saguently,

the histidine-tagged recombinant proteins werefjaariusing a TALON metal affinity resin (Clontech$ per the
manufacturer's recommendations. The purified rBmM& Was passed through a polymyxin B-agarose column
(Detoxi-gel; Pierce) to eliminate endotoxin (if &ng the preparation before use in protection gtsidAnalysis of
the final purified rBmALT-2 protein by LAL assay efirmed that the endotoxin levels were comparable t
background levels (1 ng/ml).

Elisa:

Forty human sera from Sulawesi, Indonesia, werectsd for testing. Recombinant Bm-ALT-1 was coat¢d
1 pg/ml, a concentratiodetermined to be optimal in a pilot experiment.type-specificmonoclonal antibodies
were used as described previously fgcombinant Bm-33, an aspartyl protease inhibdr Wasexpressed as a
fusion protein with maltose-binding protein (MBR) the pMAL expression vector. rBm-33 and bactéyial
expressed/BP were each used to coat enzyme-linked immuneswrassay (ELISAplates at 1 pg/ml, and anti-
MBP responses were subtracted fitthwse measured for Bm-33/MBP fusimmoteins.

Immune response study in animal (jirds or miceor both):

Male outbred Mangolian gerbils (jirds) weighing 8540 g or male BALB/c mice weighing 15 to 20 g wer
purchased from Charles River Laboratories (WilmamgtMass.), and five mice or jirds each were usadgooup.
For immunization, mice or jirds were injected iptegitoneally with 1Qug of endotoxin-free rALT-2 protein (single
band at 14 kDa) in Imject Alum (Pierce) followed byo booster doses at 2-week intervals. Contromais
received equal amounts of adjuvants alone. Serumplea were collected from tail vein every 2 weeksgl¢termine
the titer of anti-ALT2 antibodies using an ELISArdBp of mice or jirds injected similarly with thejavant alone
remained as negative controls.

Because the parasites do not develop into adultsi¢e, we used a micropore chamber method to daterthe
degree of protection conferred after immunizatiothvALT-2. Briefly, two weeks after the last boostdose, a
micropore chamber (Millipore Corporations, BedfokiA) containing 20 L3 ofB. malayi was implanted into the
peritoneal cavity of each mouse. The micropore dd&monsisted of a Plexiglas ring (diameter, 13 roatalog no.
PR0001401; Millipore) covered on either side witblygarbonate membranes (B pore size). Chambers were
sealed with cement (Millipore) after introductiof the larvae and checked for leakage. Strict aseganditions
were followed for the surgical procedure. At 48ftemimplantation, animals were sacrificed and¢hambers were
removed carefully from the peritoneum. Numbersiwed land dead larvae in each chamber were thenmnlieted
under a Nikon inverted microscope.

Male jirds (Meriones unguiculatus) were immunized with 75 pg of rALT-1 in CFA subangously or with CFA
alone (six jirdsper group). At weeks 32 and 33, boosts were giieRB5oug ofrALT-1 in incomplete Freund's
adjuvant (IFA) or IFA alone, arat week 45 a final boost of 7.5 pg in IFA was givEwo weekdater, all jirds were
challenged with 300 larvae d@. malayi introduced intraperitoneally. After 4 weeks, jirdgre euthanizedand
parasites were recovered from the peritoneal caaity testesParasite recoveries and counting were performed
without knowledg®f the experimental status of eaatimal.
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Collection of peritoneal fluids:

After removing the micropore chamber, the peritbneavity of mice was washed with 5 ml of cold deri
phosphate-buffered saline. The fluid was centriuge 200 xg to remove the cells and supernatant was stored at
—70°C. There was minimal contamination of bloodthese wash fluids as determined by the presence of
erythrocytes. Presence and titer of rBmALT-2 spedchtibodies in the peritoneal wash fluid was thletermined

by an immunoblot analysis.

DISCUSSION

Stage-specific gene expression:

Expression oflt-1 andalt-2 at different points of the filarial life cycle wassessed by RT-PCR. Primers designed
to sparthe introns defined above were used with the ssapgeific cONAlibraries prepared by the Filarial Genome
Project. From theselt-1 expression was shown to be strictly L3 specifid alt-2 largely so, although trace levels
of amplification was eviderim other stages. To provide greater detail, frephdypared first-strand cDNA was taken
at daily intervals duringlevelopment of parasites from the microfilarialgetao the infectivdarva in A. aegypti
vector mosquitoes. This showed thath alt-1 and-2 are switched on between 5 and 6 days followiptgke into
the mosquito vector and remain expressed for tihatidmof tenure in the insect. Similarly, parasites werevered
following infection of the rodent host. unguiculatus (the jird or Mongoliangerbil). Here,alt-1 expression
terminated abruptly on transfeto the jird; although brief periods of transcigut were detecteldetween days 4 and
8, no subsequent expression could be deteete@. transcription was less rigorously controlledth expression
continuing for 3 days postinfection and recuri@gntervals over the following 3 weeks

Antibodies to recombinant ALT-1 protein reactedafieally with a doublet of 20 kDa in soluble extteof L3 on
Westerrblots, but no reactivity was detectable towardsaetsof microfilariae and adult stages. Thus, at thegino
level, ALT-1 and -2 are effectively L3 specific. This camds with thelarva-specific expression of the related
Di20/22L proteins irD. immitis [7,8] and of the secreted larval acidic protirO. volvulus [9], both of which are
released from larvaence they are cultured under mammalian conditigdthough ALT proteins have not been
identified on the surface d@. malayi larvae, immunoelectron microscopy has revealechg#estainingvith anti-
Bm-ALT-1 antibody in the larval glandular esophago®plying that this product may also be stockpileddy for
releasavithin the mammalian host.

Human recognition:

The prominence of thalt transcripts suggests that exposed humans may rbbgeally reactive to the ALT
proteins. We testegkra from 40 patients resident ilBamalayi-endemic area dhdonesia, drawn equally from the
two categories of amicrofilaremand microfilaremic. The former group will containth parasite-freadividuals
and subjects with subpatent infections; the lafteup all have detectable blood-borne microfilariagpatientsvith
filariasis, it is well established that the overlvhimg proportion of antibodies to crude adult and mideofa-stage
antigens are of the 1gG4 isotype [10,11,12].

Protectiveimmunization:

B. malayi infects only certain host species, among thenjitthewhich has been used as a model for humarides
[13]. We immunized jirds with four doses of ALT-1 and bbaged thenwith 300 live L3. Four weeks later, 76%
fewer live parasites werecovered from the immunized group versus the adjtsenly controls. This difference
was significant P < 0.05) by Whitney-Mannonparametric statistics. The data reported hateate greatethan
70% protection in jirds against a challenge infarti thisis substantially better than any previous filarial
recombinanantigen reported and is in the range achieved bgination withradiation-attenuated larvae, 44 to 91%
[14]. Of the previouslyested antigens, paramyosin has yielded disappgintsultd15,16], while heat shock
protein 70, myosin, and 1-typ¥ collagen have recently been shown not to stiteulaotectivéammunity [17].
Thus, ALT-1 and ALT-2 offer the best vaccine caradédyet found for filariasis.

Immunization of jirds 1. unguiculatus) with ALT-1. Groups of six jirds were immunized tieither ALT-1 in

CFA or CFA alone, boosted with ALT-1 in IFA or IF#lone, and challenged with 3@ malayi L3. After 28 days,
the number of parasites recovered
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Fig. 1. Immunization of jirds (M. unguiculatus) with AL T-1.[21]

CONCLUSION

Vaccination against helminth parasite organismspnaged problematic, both in identifying likely \@ne antigens
from the wide repertoire of antigens expressed waitidl respect to the immunopathological responsemany of
these antigens [2,18]. We report here a new appra®tecting highly expressed, stage-specific prtsdsuch as the
ALT proteins, which we show are not present in thature adult stage. This, coupled with the fact thiaT
proteins are parasite-specific products unrelatedahy host constituent, renders less likely any essh/
consequences of immunization. There is evidenam fx@o other filarial species to associate ALT rautign with
immunity [8,19,20], but the data given here provide first demonstration of protective immunitydrsusceptible
host. The high level of sequence similarity betwé&éf sequences frorB. malayi andW. bancrofti suggests that
there will be immunological cross-protection betweleese two species, one of whidh. pancrofti) is responsible
for >90% of human infections but does not infeblia@atory animals [21].
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