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Abstract

Hybridoma cell lines, which secreted antibodies directed against either the soluble fraction of

microfilaria or the surface of the sheath of microfilaria, were produced by fusion of spleen cells of

Wuchereria bancrofti microfilariae-immunized mice with NS-1 myeloma cells. Fourteen cloned

antibody-secreting cell lines were successfully established. Two of these clones were characterized.

One clone (1G10) secreted an IgM antibody that had a high specificity for recognizing the micro

filaria but did not react against adult worm. Another clone (2G01) directed against the sheath of

microfilaria was found to produce IgGb but did not show binding to adult filaria.
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Introduction

Lymphatic filariasis caused by Wuchereria

bancrofti is estimated to affect 100 million people in

the tropics (Sasa, 1976). Definite diagnosis of the

disease depends on parasitological examination or

positive serological tests. However, both methods

are not always efficient since blood examination is

insensitive and requires investigations in the middle

of the night due to the nocturnal periodicity of

microfilariae, and serological examinations are con

fused by cross-reactivities among nematode para

site infections. Furthermore, antigens used in immu-

nological diagnosis are prepared from heterologous

filariae such as Brugia malayi orDirofMaria immitis

(Hege and Ridley, 1977; Grove and Davis, 1978;

Ottesen et al, 1982). Despite the development of a

technique that introduced the homologous materials

in serum examination, the fact that a continuous

supply of W. bancrofti is difficult limits its practical

use. Hence, monoclonal antibody specific for W.

bancrofti is essential in order to develop not only
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sensitive but also species-specific serological diag

nosis. Several laboratories have reported serological

diagnoses utilizing monoclonal antibodies (Karen

et aU 1985; Weil et aU 1987). However, most of

monoclonal antibodies were produced against dif

ferent species of filaria. Recently, monoclonal anti

bodies raised against a circulating antigen form the

patient ofbancroftian filariasis (Lai et al., 1987) and

microfilariae ES antigen of W. bancrofti (Reddy et

al., 1989) were reported. Each monoclonal anti

body-based ELISA in bancroftian filariasis showed

less satisfactory result in specificity, nevertheless

these monoclonal antibodies were produced against

homologous antigen.

In this study, we produced mouse monoclonal

antibodies against W. bancrofti microfilaria and

analyzed their specificity.

Materials and Methods

Human subjects. An epidemiological survey for

bancroftian filariasis was carried out in a commu

nity of Jaboatao, Perunambuco, Brazil. This area

has a high prevalence of filariasis, with a micro-

filaremia rate of 10% and a clinical disease rate of

2% (authors' unpublished observations). Micro-

filaremia was detected by examining 20 jj\ of blood

obtained by finger-prick under microscopy at night

between 22:00 and 24:00. A 10-ml blood sample
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was taken from each of the microfilariae carriers.

One ml of the sample was used for quantifying the

microfilaremia by the Nuclepore filtration tech

nique (Denis and Kean, 1971), and 4 ml was used for

serum. The remaining 5 ml of blood was used as

microfilaria sources.

Microfilaria. W. bancrofti microfilariae were

obtained by filtration ofblood through the Nuclepore

membrane with 3^m porosity. B. malayi micro

filariae were collected by peritoneal washing of

Meriones unguiculatos previously infected with B.

malayi, which was kindly supplied by Dr. R. Maeda,

Teikyo Univ. School of Med., Tokyo, Japan. D.

immitis microfilariae were obtained from blood of

naturally infected dog by the filtration technique.

Agarose gel concentration method (Nogami et al.,

1982) was employed when further purification was

required.

Antigens. Ten mg oflyophilized microfilaria was

sonicated with 100 mg of glass powder in 1 ml of

veronal buffer containing 0.1 % Triton X-100 and 2

mM PMSF (phenylmethylsulphonylfluoride). Fol

lowing incubation for 48 hrs at 4C, the supernatant

of 17,000g was used as microfilaria antigen. Other

antigens used in this study were prepared as de

scribed previously (Kobayashi et al., 1987).

Production of monoclonal antibody. BALB/c

mice were injected i.v. with 105 W. bancrofti

microfilaria, and boosted with 104 of the parasites 3

weeks later. Five days after the last injection, spleen

cells were removed and were fused with NS-1

myeloma cells according to conventional methods

of hybridoma production (Kennet, 1979). Super-

natants of resultant hybridomas were screened by

ELISA and IFA on microfilaria of W. bancrofti.

Hybridomas secreting antibody against microfilaria

of W. bancrofti were cloned twice and then injected

into pristane-treated BALB/c mice for ascites pro

duction (McKearn, 1980).

Immunofluorescence assay. Intact microfilariae

were incubated with PBS containing 0.1 u/ml papain

(Sigma) for 1 hr at 37C. and washed twice with

PBS. Fifty ji\ of microfilaria suspension containing

100-200 microfilariae was overlaid on a chamber of

HTC glass (Cel-Line Associates Inc., NJ., US) and

dried at room temperature. Microfilariae fixed on

the glass were incubated with 30 ju\ of hybrid cell

supernatant. After 1 hr of contact at 37C, excess

antibodies were removed by 3 washes with PBS,

followed by incubation with 30 ^ul of 1:100 diluted

fluorescence-conjugated anti-mouse immuno-

globulins (Cappel Lab., PA, US). Reactions were

washed, counterstained with Evans blue (1:10,000

dilution), and examined under a fluorescence micro

scope.

Enzyme linked immunosorbent assay (ELISA).

ELISA was carried out as described previously

(Niimura et al., 1988) with minor modifications.

Peroxidase-conjugated sheep anti-mouse im-

munoglobulins (Serotec, OX, England) in a dilution

of 1:2,000 and ABTS as a substrate (Matsuda et al,

1984) were used in this study. The titer was ex

pressed as the reciprocal of the highest sample

dilution in which the absorbance was two times

greater than that of normal mouse serum at 1:20

dilution.

Peroxidase-antiperoxidase technique. Fixed

paraffin sections of human lymph node containing

adult W. bancrofti were kindly supplied by Dr.

Figueredo-Silva, LIKA, UFPE, PE, Brazil. A

Vectastain™ ABC kit (Vector Lab., CA, US) was

used in this study. This method has been described

in detail by others (Hsu et al, 1981).

Surface treatment of microfilariae with various

detergents. Frozen microfilariae ofW. bancrofti and

living microfilariae of B. malayi were exposed to

various detergent treatments after preincubation as

described above: 2% (w/v) Triton X-100,2% (w/v)

Triton X-114, or 1% (w/v) sodium deoxycholate.

All solutions were prepared in PBS. After overnight

incubation at 4C in one of the solutions, worms

were washed extensively with PBS prior to

immunofluorescence analysis. Microfilariae were

also treated with 20 mM sodium metaperiodate on

ice in the dark, washed, and assayed by IFA as

described above.

Gel electrophoresis and western blotting. So

dium dodecyl sulfate-polyacrylamide gel electro

phoresis was performed on gel of 12.5% poly-

acrylamide (Laemmli, 1970). As indicated in the

leg-ends to the figures, the samples were heated

for 3 min at 95C and reduced with 1% 2-

mercaptoethanol. Protein content was about 7 jig

per track. The proteins separated by electrophoresis

were transferred to 0.45 fim nitrocellulose papers as

described by Towbin et al (1979), and the mem-
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branes were blocked in TBS-Tween containing 5%

dried milk for 2 hr at room temperature. The nitro

cellulose membranes were incubated with mono

clonal antibodies diluted to 1:100 for 2 hr at room

temperature. The membranes were then washed

and further incubated with 1:500 dilution of

biothinylated sheep anti-mouse Ig (Amersham) for

20 min at room temperature. After incubation, nitro

cellulose strips were again washed and immersed in

a 1:3,000 dilution of streptavidin alkaline phos-

phatase complex (Amersham) for an additional 20

min at room temperature. Alkaline phosphatase

activity was determined with a mixed solution of

0.03% NBT and 0.015% BCIP in 100 mM di-

ethanolamine buffer (100 mM, pH9.5) containing

5mM magnesium chloride.

Determination of isotypes. Isotypes of mono

clonal antibodies were identified by agar double-

diffusion technique (Ouchterlony, 1949) using spe

cific rabbit antisera to mouse Ig classes (Miles Lab.,

IL., US).

Results

Antibodies reacting with the extract of micro

filariae or with surface antigens were produced in

W. bancrofti-'moculated BALB/c mice and were

readily detected 3 weeks after inoculation. Micro

filariae were still observed in peripheral blood of

mouse 1 week after inoculation. Spleen cells of W.

bancrofti microfilariae inoculated-mice on day 26

of inoculation were fused with NS-1 myeloma cells.

Hybridomas producing antibodies to microfilaria

antigens were detected by ELISA by using extract of

microfilariae or by IFA by using papain-treated

microfilariae of W. bancrofti. Fourteen stable, inde

pendently arising clones with high binding activity

were obtained.

Characterization of monoclonal antibodies to

W. bancrofti microfilaria. Culture supernatants were

screened for monoclonal antibodies against W.

bancrofti microfilariae by ELISA and IFA. Super

natants of thirteen hybrids revealed the presence of

antibodies against antigenic determinants in W.

bancrofti microfilariae by IFA. Two of these clones

apparently reacted against the surface ofexsheathed

microfilariae and the others against the sheath re

maining around the microfilariae. However, these

antibodies did not react with sonicated homogenates

of whole microfilariae of W. bancrofti as examined

by ELISA. Another supernatant was shown to be

positive by ELISA with the extract of W. bancrofti

microfilariae but had a negative fluorescence reac

tion with W. bancrofti microfilariae. We determined

the immunoglobulin class of the positive

supernatants. These results are shown in Table 1.

One clone with the most intense fluorescence reac

tion on the surface ofmicrofilaria (2G01.3A01.1B08)

and the ELISA positive clone (1G10.1A05.1E04)

were expanded as ascites tumors.

Identification of target antigens. In order to de

termine the molecular property of antigens that

reacted with 1G10 and 2G01, immunoblottings were

carried out using the extract of W. bancrofti

microfilariae. 1G10 recognized 2 molecules of 60

Kd and 50 Kd, whereas 2G01 reacted with a number

of molecules of 75Kd, 58Kd, 48Kd as well as some

smaller ones (Fig. 1).

Reactivity of the monoclonal antibodies against

W. bancrofti adult worm. Sections of W. bancrofti

adult worms in human lymphatic vessel were treated

with 1:400 dilution of2G01 and 1G10 ascites fluids,

respectively, and then the avidin-biothin-peroxidase

complex (ABC kit) procedure was carried out. Uni-

Table 1 Screening of monoclonal antibodies against

microfilaria bancrofti

Antibody source

1A01, 1A12,2BO5

1A08, 1C05

1B03, 1B09, 1A01

1B06, 1A06, 1H02

1G10, 1A05, 1E04

1H05, 1B02

1H08, 1C01, 1E05

2B04, 1F06, 1A02

2D07, 3G07, 1A04

2G01.3A01, 1B08

2G03, 1C04

2G12,2D05, 1H08

3D05, 1C01, 1D11

3EO5, 1A09, 1C12

Fusion serum

1:40

Normal serum

Culture medium

ELISA (OD)

0.325

0.315

0.208

0.480

>2.0

0.211

0.290

0.333

0.289

0.278

0.255

0.209

0.296

0.252

1.366

0.204

0.095

IFA

+

+

+

+

-

+

+

+

++

+++

+

+

+

++

+++

_

-

IgG class

IgGl

IgGl

IgGl

IgM

IgM

IgG2b

IgM

IgGl

IgG2a

IgGl

IgG2b

IgGl

IgM

IgM
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Fig. 1 Immuno-blotting of microfilarial extract and ascites fluid con

taining monoclonal antibodies, 1G10 (lane A) and 2G01 (lane B).

Calibration of molecular weight was made with /3-galactosidase

(116K), bovine serum albumin (66K), egg albumin (45K) and

carbonic anhydrase (29K).

form staining was seen not only on those microfilariae

migrated into the tissue but also on those remaining

in the uterus of adult female when 1G10 was used.

However, only faint reaction was observed on the

microfilariae when 2G01 was used (Fig. 2). It was

revealed that W. bancrofti adult worms did not have

any antigenic determinants recognized by the two

monoclonal antibodies.

Cross-reactivities of monoclonal antibodies

against other Filaria spp. The 1G10 ascites fluid

reacted slightly by ELISA with the crude extract

from both B. malayi and D. immitis microfilariae

with a titer of 1:100, whereas a titer of 1:1,600 was

determined when the crude extract of W. bancrofti

microfilariae was used. The 2G01 ascites fluid was

negative when antigens from B. malayi and D.

immitis microfilariae were used. When the ascites

fluid of 2G01 at a 1:100 dilution was employed as
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Fig. 2 Immuno-peroxidase staining of adult female W. bancrofti in a lymphatic vessel, a) Treated with monoclonal antibody

1G10. Microfilariae within the uterus are stained strongly but none of organs of adult is stained, uterus (U), cuticle (Cu),

mf (microfilaria); b) Treated with monoclonal antibody 2G01. Slight reactions are observed on microfilariae in the uterus;

c) Treated with normal mouse serum (control).
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Table 2 Effect of various reagents against antigen distrib

uted on the sheath of microfilaria

Result of IFA with 2G01

Reagent W. bancrofti B. malayi

Sodium deoxicholate +++ - (+)

Triton X-100 - (-) - (-)

Triton X-114 - (-) - (_)

Sodium metaperiodate - (+) - (-)

IFA was carried out at a dilution of 1:400 (100).

primary antibody with IFA, weak binding of fluo

rescence was observed on both B. malayi and D.

immitis microfilariae whereas strong reaction was

observed at a 1:400 dilution on W. bancrofti

microfilariae. On the other hand, no species of

microfilariae was able to bind to ascites fluid of

1G10 at a 1:100 dilution when examined by IFA.

The cross-reactivity of the monoclonal antibod

ies against other helminth antigens was examined

by ELISA. The antigens used were Ascaris

lumbricoides, Strongyloides stercoralis, Toxocara

canis, Trichinella spiralis, Fasciola hepatica,

Schistosoma mansoni, and Taenia saginata. None

of the wells coated with these antigens at different

concentrations (2 /xg/ml, 5 /ig/ml and 10 /ig/ml)

bound with either of two ascites fluids at a dilution

of 1:100.

Effect ofvarious reagents on the antigen recog

nized by 2G01 antibody. The effect of various treat

ments with detergents was monitored by IFA. As

indicated in Table 2, the epitope was no longer

detectable after incubation in non-ionic detergents

Triton X-100 or Triton X-l 14. However, the treat

ment with sodium deoxycholate failed to signifi

cantly reduce the fluorescent signal.

Treatment of bancroftian microfilariae and

brugian microfilariae with low concentrations of

sodium periodate decreased the binding of 2G01 in

IFA. That is namely at a dilution of 1:100, reactions

were observed only on bancroftian microfilariae.

This suggests that the determinants recognized by

2G01 are carbohydrate, or at least, that carbohydrate

plays a role in the structure of the antigen molecule.

Discussion

In the present study, we successfully produced

hybridoma-derived monoclonal antibodies for

microfilariae of W. bancrofti. These monoclonal

antibodies were specific for the soluble fraction of

microfilariae as shown by ELISA with extracts from

microfilariae, or for materials distributed on the

sheath and/or cuticle of microfilariae as shown by

IFA. Twomonoclonal antibodies that reacted against

the soluble fraction of microfilariae (1G10) and

against the sheath of microfilariae (2G01) were

characterized.

The 1G10monoclonal antibody which was found

to be of the IgM class, showed no cross-reactivity

with the extract of other species of microfilariae by

either ELISA or immunoblotting. Furthermore, it

did not react with adult W. bancrofti, and thus had

greater specificity for microfilariae of W. bancrofti

than the previous monoclonal antibodies by Sutant

et al. (1985), Parab et al. (1988) and Weil et al.

(1987). Antigenic analysis using immunoblotting

revealed that the 1G10 antibody recognized two

molecules of 60 Kd and 50 Kd. The specific deter

minant molecule recognized by 1G10 was soluble

and located in the internal body ofmicrofilariae. The

antigen was detectable not only in microfilariae but

in embryo in uterus of the female W. bancrofti (Fig.

2). However, it was not observed in any part of the

adult worm. Therefore, it is reasonable that we failed

to detect the antigen in other helminths by either

ELISA or immunoblotting. In addition, the stage-

specific monoclonal antibodies have been described

for W. bancrofti microfilaria (Lai et al. 1987; Reddy

et al., 1989). Monoclonal antibodies designated

CA86 and CA1Oi by Lai et al., in spite of the products

against circulating antigen from bancroftian filariasis

patient are dangerous to assert species-specific since

these monoclonal antibodies were screened by B.

malayi antigen. Wb E34 by Reddy et al. (1989) was

raised against Es antigen of W. bancrofti micro

filariae. However, indirect ELISA using this

monoclonal antibody showed a lot of false positive

reactions in other filariasis (eg, malayan filariasis

and onchocercosis). Furthermore, distribution of

target antigen in the microfilaria recognized by Wb

E34 was obscure.

The monoclonal antibody 2G01 which was found

to be IgGb bound to the surface of the sheath

membrane of microfilariae. Concrete evidence was

obtained by indirect fluorescence on acetone fixed
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microfilariae. The staining was bright and was un

equivocally located on the sheath. In fact, with this

assay it was anticipated that this antibody would be

directed to the membrane antigen. In contrast, the

2G01 antibody only cross-reacted weakly with the

sheath of B. malayi. Further work will be necessary

to determine whether these antigens reside on iden

tical proteins.

The fact that the 2G01 monoclonal antibody did

not produced a positive ELISA reaction against

veronal buffer extract of microfilariae indicates that

the antigen molecule was insoluble or that structural

destruction of the antigen took place when the

molecule was released from membrane. However,

the binding activity of2G01 monoclonal antibody to

the sheath of microfilariae was subsequently lost

when treated with Triton-XlOO or Triton-X114,

although it was not influenced by the treatment with

sodium deoxyacholate. This suggests that the anti

gen molecule has a hydrophobic residue and is

solubilized by non-ionic detergents. 2G01 recog

nized multiple bands of 75, 58 and 48 Kd. As

demonstrated previously by IFA and immunostaining

on the adult section of W. barterofti, 2G01 was

microfilaria stage-specific and did not react with

adult filaria. Sodium metaperiodate treatment of

microfilariae caused reduced binding of 2G01, sug

gesting that the target antigens are carbohydrate or

that carbohydrate plays a role in the structure of the

antigen molecule and in the expression of the target

epitope.

The production ofthese antibodies may be useful

not only for application in a clinical setting but also

for understanding the biology of microfilariae.
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