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Specific Monoclonal Antibodies to
Fasciola gigantica

Wanchai Maleewong, Pewpan M Intapan, Chaisiri Wongkham’, Banchob Sripa’,
Varapomn Sukolapong3 and Kosol leamviteevanich

Fascioliasis is a disease caused
by hermaphroditic trematodes of the
genus Fasciola, of which F. hepatica
and F. gigantica are the most com-
mon. In Thailand, the disease caused
by F. gigantica is one of the public
health problems.”>  Humans are
usually infected by the ingestion of
aquatic plants that harbor the infec-
tious metacercaria. Diagnosis of fas-
cioliasis i1s complicated by the fact
that symptoms often occur during
early infection, yet the flukes mature
and lay eggs only after eight weeks of
infection, after which parasitological
diagnosis is feasible by the identifi-
cation of eggs in the feces. However,
false fascioliasis can occur when Fas-
ciola eggs are found in the stool fol-
lowing the ingestion of infected liver.
Moreover, repeated stool examina-
tions are usually required for the de-
tection of eggs and in many cases, no
eggs are recovered.’ The eggs are un-
embryonated and practically indistin-
guishable from those of Fasciolopsis
buski and Echinostoma spp. Early
diagnosis is important so that treat-
ment may be instituted before irrepa-
rable damage to the liver has occur-

SUMMARY Monoclonal antibodies (mAbs) were produced against soluble
metabolic products (excretory/secretory; ES) of the liver fluke, Fasciola
gigantica. The ES antigen was obtained from spent culture medium in which
the aduit flukes had been maintained in vitro. From two cell fusions, the
mAbs produced were exclusively associated with either IgG or IgM isotypes.
When screened against a panel of homologous and heterologous parasite
antigens by indirect ELISA, two mAbs were highly specific for F. gigantica.
The remainder cross-reacted extensively with other parasites. Results from
immunoblotting and immunofluorescence exhibited two patterns of reactivity.
The first group of mAbs which recognized the multiple bands between > 14.4 -
27.5 kDa gave extremely bright fluorescence over all major muscular systems,
vitelline gland, testes and intestinal caeca. The second group which reacted
with the 185 kDa band showed a bright fluorescence over a thinner muscular
layer underlying the tegument, intestinal caeca and testes.

red. To date, serodiagnostic tests are
helpful*” and numerous antigens have
been used for anti-Fasciola antibody
detection. The excretory-secretory
(ES) antigen is the reliable antigen for
serodiagnosis of fascioliasis,* *'' but
cross reactions were evident in sera
infected with other parasites. There-
fore, the production of monoclonal
antibody (mAb) is required for the
punfication of the specific epitopes
from crude antigens by affinity chro-
matography. In the present study, we
described the specific mAbs against
the F. gigantica ES (FGES) antigen

and identified the reactive antigens by
immunoblotting and immunofluores-
cence.

MATERIALS AND METHODS

Parasite
Adult F. gigantica were ob-
tained from infected bovine livers col-
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lected from Khon Kaen province,
Thailand. The worms were washed
with sterile saline and identified as F.
gigantica according to previously
described criteria. "

Preparation of antigens

Adult FGES antigen was pre-
pared from spent culture medium
(RPMI 1640 [Gibco, USA]) con-
taining 0.1 mM phenylmethylsulpho-
nyl fluoride (PMSF), 0.1 mM tosyl-
amide-2-phenylethyl-chloro-
methylketone (TPCK), 1 mM of L-
trans-3-carboxy-oxiran-2-carbony!-1-
leucylagmatine (E-64), 100 units/ml
penicillin G and 100 pg/ml strepto-
mycin in which the worms had been
maintained for 6 hours at 37°C under
5% CO; in air. After incubation, the
worms were removed and the collec-
ted spent medium was centrifuged
10,000 x g at 4°C for 30 minuntes.
The medium was concentrated by ul-
trafiltration using Amicon YM3
membrane filter (Grace Co., USA)
and dialyzed against distilled water
containing the same protease inhibi-
tors. The protein content of this
FGES was also determined by the
standard method.” Crude somatic
antigens to be used for checking
cross-reactivity of the mAbs were
prepared from many other parasites
as previously described.”” These pre-
parations included: crude extracts of
protozoa, namely Entamoeba his-
tolytica trophozoite obtained from
growth in axenic cultures,'® Leishma-
nia donovani promastigotes grown in
vitro cultures,'” blood stage cultured
Plasmodium falciparum'® and tachy-
zoites of Toxoplasma gondii obtained
from experimentally infected mice.
Heterologous antigens were also
prepared from various helminths ob-
tained from different sources, namely
Taenia saginata segments, adults
Ascaris lumbricoides, Echinostoma

ilocanum, E. revolutum_ filariform
larvae of Strongyloides stercoralis
and human hookworms from stools of
infected humans; E. malayanum,
Haplorchis taichui and Opisthorchis
viverrini adult worms from experi-
mentally infected hamsters; Brugia
malayi adult worms from experimen-
tally infected jirds; Angiostrongylus
cantonensis adult worms from ex-
perimentally infected rats; Dirofilaria
immitis and canine adult hookworms
from naturally infected dogs; Cysti-
cercus cellulosae from naturally in-
fected swine; Paragonimus heterotre-
mus adult worms from experimentally
infected cats; Schistosoma mekongi,
S mansoni and Hymenolepis nana
adults worms, muscle larvae of Tri-
chinella spiralis and advanced third
stage of Gnathostoma spinigerum
larvag from experimentally infected
mice.

Monoclonal antibodies production

Ten adult BALB/c mice (6
weeks old) were immunized intraperi-
toneally with 60 pg of FGES antigen
in 0.2 ml of normal saline (0.85 %
NaCl in H,0) emulsified in complete
Freund’s adjuvant. Booster immuni-
zations, spleen cell harvests and their
fusion with Sp 2/0 myeloma cells,
culture of the resultant hybridomas
and their cloning by limiting dilution
were camed out according to the
techniques previously described by
Chaicumpa et al."®

Immunological techniques

Sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-
PAGE), immunoblotting and indirect
ELISA were done as previously des-
cribed."**# The classes and subclas-
ses of mAbs were determined after
cloning by indirect ELISA using dif-
ferent rabbit anti-mouse immunoglo-
bulin classes/subclasses (BIO-RAD,

Bio-Rad Laboratories, USA). The
immunofluorescent  antibody  test
(IFAT) was performed as previously
described. *

RESULTS

Recovery of antibody secreting hy-
bridomas

Supematant fluids from hybri-
domas grown in 96-well plates were
screened for antibody activity by in-
direct ELISA using FGES antigen.
The supematants of 15 wells with
growing cells reactive with F. gigan-
tica were obtained from two identical
fusions. The cells from these wells
were then transferred to grow in 24-
well tissue culture plates and the cul-
ture supernatants of these cells were
then retested for antibody activity
against FGES antigen. It was found
that cells from 7 wells produced anti-
bodies which gave an OD reading
much higher than 0.5 against FGES
antigen. They were then tested for
specificity by an indirect ELISA
using a panel of heterologous anti-
gens. Results from these experiments
showed that antibodies secreted by
cells of the 7 wells exhibited four
patterns of reactivity. The culture su-
pernatants from 2 clones namely 21
C10 and 13D7 were found to be
highly specific for F. gigantica
(Group 1). One clone namely 6B6
produced antibody which was reac-
tive with antigens of A. cantonensis,
A. lumbricoides, canine hookworms,
D. immitis, E. malayanum, H. tai-
chui, H. nana, O. viverrini, P. he-
terotremus, T. saginata and T. spi-
ralis (Group 2). Culture fluid from
one clone namely 18B6 cross reacted
with the antigens from A. cantonen-
sis, canine hookworms, D. immitis, P.
heterotremus and T. saginata (Group
3). The remaining 3 clones (2C6, 6
D8 and 4E6) cross-reacted with all of
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U'_— "9 the panel of heterologous antigens
(Group 4).

Table 1. Isotypes and immunoblotting patterns of monoclonal antibodies When these mAbs were typed
— the heavy chain isotypes were found
Category Original clones  [sotypes Immunoblotting to exclusively belong to IgG,, IgGs;
o and IgM, respectively (Table 1). Re-
F. glgainflca 21C10 |gG1 (K) multlple band_s gard_less of their speCLﬁclty and heavy
specific >14.4-27.5 kDa chain isotypes, these mAbs were
13D7 IgM (x) multiple bands ’ ;
>14.4-27.5 kDa foux_ld to possess a kappa type of light
Cross-reactive 6D8 IgM (x) multiple bands chain.
>14.4-27.5 kDa
4E6 igM Itiple b . . . .
oM (k) :;ZE;:T& Identification .of unmuno.reactwe
2C6 IgM (k) multiple bands component by immunoblotting
>14.4-27.5 kDa W .
6B6 1gM (x) single band at Monoclona! . antibodics wﬂh
185 kDa strong ELISA activity for FGES anti-
18B6 19Gs (x) single band at gen from seven clones (Table 1;
185 kDa Figure 1) were characterized further
by SDS-PAGE and immunoblotting.
The results exhibited two different re-
active patterns against FGES antigen.
Five of seven mAbs from clones
pr— — namely 21C10, 13D7, 6D8, 4E6 and

2C6 were found to react with the
multiple bands of relative molecular
mass between >14.4-27.5 kDa. The
remaining 2 mAbs from clones
namely 6B6 and 18B6 reacted only
with the 185 kDa band.

Anatomical specificity of the mAbs
detected by IFAT

The seven mAbs used in the
immunoblotting were also tested for
their anatomical specificities against
the adult worm sections by I[FAT
(Figure 2). Five mAbs (21C10, 13
D7, 6D8 4E6 and 2C6) recognizing
the multiple bands between > 14.4 -
275 kDa gave extremely bright
Fig. 1. Immunoblotting pattemn of FGES antigen electrophoresed in the presence of |  fluorescence over the surface tegu-

s s, | 13l e maormiooiar e

reacted with imr);ﬂng mouse éerum (A) and rfc?rr:aﬁn?)l:z;z:?fm c(JB?. y vitelline gland, tC.St.eS’ and itestinal

Lane C-I = immunoblot patterns of mAbs from clones 21C10, 13D7, 6D8, caeca. The remaining 2 mAbs (6B6

4E6, 2C6, 6B6 and 1886 respectively. Lane J = negative control (medium | and 18B6) which reacted with the

used for culturing myeloma cells). 185 kDa showed a bright fluores-
cence over the thinner muscular layer
underlying the tegument, intestinal
caeca and testes.
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Indirect immunofluorescence reactivities of localized antigens of F. gigantica
sections stained with monoclonal antibodies 21C10 (panel a-b) and 6E6
(panel c-d). Surface tegument (t), all muscular systems (m), vitelline glands
(vi),testes (te) and intestinal caeca (i) stained brightly with 21C10. Thin
muscular layer underlying the tegument (m), intestinal caeca (i) and

testes (te) also fluoresced with 6B6. (Scale bar = 100 mm ; sp = spine).

DISCUSSION

From a total of two fusions, a
large proportion of IgM mAbs has
been obtained. The production of IgM
mAbs were unexpected since these
were produced from spleen cells taken
from mice repeatedly immunized with
the parasite antigens. One reason why
a large proportion of IgM mAbs was
obtained could be due to T indepen-
dent antigen, such as carbohydrates
or nucleic acids which seldom induce
a secondary response.”* Immunoblot-

ting patterns showed multiple reactive
bands by a large proportion of mAbs
suggested that these bands represent
proteins with similar epitopes or they
are break down products of the same
protein.

The production of mAbs to
Fasciola spp. have been reported
with based on F. hepatica. Hanna
and Trudgett” and Hanna et al®
produced mAbs against tegumental
and intemal organs of F. hepatica.
Yamasaki et al”’ produced mAbs
against a 27 kDa protease of an

unknown species of Fasciola. Solano
et al® produce mAbs against some
ES products. Recently, Fagbemi *
developed the mAbs reactive with a
28 kDa protease of F. gigantica. In
this study, a large proportion of
mADbs to FGES antigen which reacted
with the multiple bands at <14.4-27.5
kDa was produced. These mAbs were
reactive with more intensely band at
approximate molecular mass of 27.5
kDa. This finding agreed with the
previous developments of the mAbs
reacted with a 28 kDa protease” and
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it 1s possible that our mAbs might be
reactive with protease enzymes. The
slight difference in the relative mole-
cular mass of the reactive band has
thought to be attributed to different
methods of antigen preparations or
the estimate deviation of the relative
molecular mass.

The FGES antigen which
represent proteins released in the in
vitro culture of adult flukes composed
mainly of two prominent bands at
relative molecular mass of 26 and 27
kDa.” These two bands were also de-
tected in immunoblotting of ES anti-
gen and were believed to be cysteine
protease.” The protease of parasitic
helminths composed of very impor-
tant fractions which serve functions in
immunodiagnosis® and  immunity
evasion. In addition, the cysteine
protease of F. gigantica has been also
shown to enhance the specificity and
sensitivity for serodiagnosis of fascio-
liasis in ruminants.””> From above

discussion, it is possible to use our
specific mAbs in the affinity purifi-
cation of parasite specific antigen for
serodiagnosis of fascioliasis. More-
over, the mAbs might be used in de-
tection of parasite products in serum
or stool samples. ****

From these studies, the two
specific monoclonal antibodies (21
C10 and 13D7) recognized target
epitopes over the surface tegument,
all the muscular systems, vitelline
glands, testes and intestinal caeca.
However, these target epitopes were
different from the mAbs specific for
the Fasciola spp. protease reported
previously,”’ since the strong fluores-
cence was only observed in the epi-
thelial cells and microvilli of the
intestine of the Fasciola spp. adult.

ACKNOWLEDGEMENTS

This investigation received fi-
nancial support in part by a grant

from Faculty of Medicine, Khon
Kaen University. The authors thank
Eric Renton for correcting the English
manuscript.

REFERENCES

1. Kachintom U, Atisook K, Tesjaroen
S, Lertakyamanee N, Plengvanit U.
Fasciola gigantica: the second case of
human infection in Thailand. J Med
Assoc Thailand 1988;71: 451-5.

2. Tesana S, Pamarapa A, Sae Sio OT.
Acute cholecystitis and Fasciola sp. in-
fection in Thailand: report of two cases.
Southeast Asian J Trop Med Public
Health 1989; 20: 447-52.

3. Hillyer GV. Fascioliasis and fasciolop-
siasis. In: Balows A, Hausler WJ,
Ohashi M, Turano A, eds, Laboratory
diagnosis of infectious diseases.
Principles and practice. Vol 1. New
York: Springer-Verlay, 1988: 856-62.

4.  Mansour NS, Youssef FG, Mikhahil
EM, Boctor FN. Use of a partially
purified Fasciola gigantica worm
antigen in the serological diagnosis of
human fasciohiasis in Egypt. Am J Trop
Med Hyg 1983; 32: 5504.

5. Youssef FG, Mansour NS. A purified
Fasciola gigantica worm antigen for
serodiagnosis of human fascioliasis.
Trans R Soc Trop Med Hyg 1991, 85:
535-7.

6. Osman MM, Helmy MH. Molecular
weight determination of Fasciola anti-
gens specific for diagnosis of acute fas-
cioliasis. J Egypt Soc Parasitol 1994 24:
471-8.

7. Sobhon P, Anantavara S, Dangprasert
T, etal Fasciola gigantica: identifi-
cation of adult antigens, their tissue
sources and possible origins. J Sci Soc
Thailand 1996; 22: 143-62.

8. Santiago N, Hillyer GV. Isolation of po-
tential serodiagnostic Fasciola hepatica
antigens by electroelution  from
polyacrylamide gels. Am J Trop Med
Hyg 1986; 35 :1210-7.

9. Hillyer GV, DeGalanes MS. Identifica-
tion of 17 kilodalton Fasciola hepatica
immunodiagnostic antigen by the en-
zyme-linked immunoelectrotransfer blot
techniques. J Clin Microbiol 1988; 26:
2048-53.

10. Rivera Marrero CA, Santiago N, Hillyer
GV. Evaluation of immunodiagnostic
antigens in the excretory-secretory
products of Fasciola hepatica. ]

12.

13.

18.

19.

20.

21

22.

Parasitol 1988, 74: 646-52.

Hillyer GV, DeGalanes MS, Rodriquez-
Perez J, et al. Used of the Falcon™
assay  screemung  test-enzyme-linked
immunosorbent assay (Fast-ELISA) and
the enzyme-linked immunoelectrotrans-
blot (EITB) to determine the prevalence
of human fascioliasis in the Bolivian
Altipano. Am J Trop Med Hyg 1992,
46: 603-9.

Watanabe S. A revision of genus Fas-
ciola in Japan with particular reference
to F. hepatica and F. gigantica. In:
Morishita K, Komiya Y, Matsuba-
yashieds H, eds, Progress of Medical
Parasitology in Japan. Vol 2. Tokyo:
Megura Parasitological Museum, 1965:
359-81.

Sahba GH, Arfaa F, Farahmandian I,
Jalali H. Animal fascioliasis in Khuzes-
tan, Southwestern Iran. J Parasitol
1972; 58 : 712-6.

Lowry OH, Rosebrough NI, Farr AL,
Randall RJ. Protein measurement with .
Folin phenol reagent. J Biol Chem
1951; 193: 265-75.

Maleewong W, Wongkham C, Pan-
yanonda S, Intapan P. Analysis of an-
tibody levels before and after Prazi-
quante] treatment in human paragoni-
miasis heterotremus. Asian Pac J Allergy
Immunol 1992 ; 10 : 69-72.

Diamond LS, Harlow DR, Cunnik
CC. A new medium for the axenic cul-
tivation of Entamoeba histolytica and
other Entamoeba. Trans R Soc Trop
Med Hyg 1978, 72 : 431-2.

Evans DA. Leishmania. In: Taylor
AER, Baker JR, eds, In vitro methods
for parasite cultivation. Academic Press:
New York, 1987, 52-75.

Trager W, Jensen JB. Human malaria
parasites in continuous culture. Science
1976 ; 193 : 673-5.

Chaicumpa W, Ruangkunaporm Y,
Kalambaheti T, et al. Specific mono-
clonal antibodies to Opisthorchis viver-
rini. Int J Parasitol 1991; 21: 969-74.
Laemmli UK. Cleavage of structural
proteins during the assembly of the head
of bacteriophage T4. Nature 1970, 277:

630-5.

Towbin H, Staéhelin T, Gordon J.
Electrophoretic transfer of proteins from
polyacrylamide gel to mitrocellulose
sheets: procedure and some applica-
tions. Proc Natl Acad Sci USA 1979,
76: 43504.

Chaicumpa W, Thin-inta W, Khus-
mith S, et al. Detection with monoclo-



54

MALEEWONG, ET AL,

23.

24,

25,

26.

nal antibody of Salmonella typhi antigen
9 in specimens from patients. J Clin
Microbiol 1988; 26: 1824-30.

Morakote N, Nateewatana N, Malee-
wong W, Uthong T. Anatomical lo-
calization of Gnathostoma spinigerum
larval antigens by an indirect fluorescent
antibody test. Southeast Asian J Trop
Med Public Health 1989; 20: 291-5.
Harlow E, Lane D. Monoclonal anti-
bodies. In: Harlow E, Lane D, eds,
Antibodies-A Laboratory Manual. New
York: Cold Spring Harbor Laboratory,
1988: 139-243.

Hanna REB, Trudgett A G. Fasciola
hepatica. development of monoclonal
antibodies and their use to characterize
a glycocalyx antigen in migrating flukes.
Parasite Immunol 1983; 5: 409-25.
Hanna REB, Trudgett AG, Anderson
A Fasciola hepatica: development of
monoclonal antibodies against somatic

27

28.

29.

30.

antigens and their charactenzation by
ultrastructural localization of antibody
binding. J Helminthol 1988; 62: 15-28.
Yamasaki H, Aoki T, Oya H. A cys-
teine protease from the liver fluke, Fas-
ciola spp: Purification, characterization,
localization and application to immu-
nodiagnosis. Jpn J Parasitol 1989; 38:
373-84.

Solano M, Ridley RK, Minocha HC.
Production and characterization of mo-
noclonal antibodies against excretory-
secretory products of Fasciola hepatica.
Vet Parasitol 1991, 40: 227-39.

Fagbemi BO. Development and charac-
terization of a monoclonal antibody
reactive with a 28 kDa protease of Fas-
ciola gigantica. Vet Parasitol 1995, 57:
351-6.

Chappell CL, Dresden MH, Gryseels
B, Deedler AM. Antibody response to

31

32.

33.

34.

Schistosoma mansoni adult worm pro-
teinases in infected individuals. Am J
Trop Med Hyg 1990, 42: 33541.
Chapman CB, Mitchell GF. Proteolytic
cleavage of immunoglobulin by en-
zymes released by Fasciola hepatica..
Vet Parasitol 1982; 11: 165-78.

Fagbemu BO, Guobadia EF. Immuno-
diagnosis of fascioliasis in ruminants
using a 28 kDa cysteine protease of Fas-
ciola gigantica adult worms. Vet Para-
sitol 1995; 57;: 309-18.

Langley RJ, Hillyer GV. Detection of
circulating parasite antigen in murine
fascioliasis by two-site enzyme-linked
immunosorbent assay. Am J ‘I'rop Med
Hyg 1989; 41: 472-8.

Espino AM, Finlay CM. Sandwich en-
zyme-linked immunosorbent assay for
detection of excretory-secretory antigens
in humans with fascioliasis. J Clin Mi-
crobiol 1994; 32: 190-3.



