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EXECUTIVE SUMMARY

Onchocerciasis <r ‘'river blindness' afflicts about 17
million people in tropical endemic c¢ . antries. The aim of this
project was to determine the role of surface molecules of
Onchocerca volvulus, the parasitic nematode that ~auses the
diseace, in evading host immunity. 7his informatior would provide

a rational basis for the design of new control measures.

Accordingly, we have identified and characterised the surface
sugars and proteins on five worm stages occuring in humans. Between
2 and 10 polypeptides were demonstrated on 5 worm stages which also
disvlayed a variety of sugars. poth the polypeptide and sugar
compositions varied from one worm stage to anciher; although we
found common components that were shared by all stages, there were
also stage specific antigens unique to defined worm stages. The
changing composition of the worm's surface antigeis was seen as a
means of escaping host immunity. Furthermore, the worm stages
appeaired to be protected from host immune attack by coatings of
human-1like proteins (collagens and laminin).

A surface protein, ideatified with a specific monoclonal
antibody was shown to mediate the killing by patients' leucocytes

of immature microfilariee (mf) of Q. volvulus. Considering that

antigens released by dead mf are responsible for disease
manifestations this protein is being examined further for a role
in immune protection.

further studies of the surface antigens led Lo a new
diagnostic test for 'river bi.ndness'. The new test detects

excreted Q0. volvulus antigens in patients' urines using specific

monoclonal antibodies wnich we caveloped to surface components.
Unce tested on a large scale this test cnuld be applied in rural
areas for the detection of prepatent and/or low level infections
whose treatment are more tolerated than heavier infections.

In conclusion, this study has improved our understanding of
host-parasite interactions and proposed new tools for the ccontrol

of onchocerciasis.



4.1. RESEARCH OBJECTIVES:
The parasitic nematode, Onchocerca volvulus is a major public

health hazard which affects about 17 million people in Africa,
Central America and the Yemen. Currently, there is no
satisfactory method for eradicating the disease. There is no

preventive vaccine. Available drugs like diethylcarhamazine and

suramin are known to induce adverse reactions in patients.
Ivermectin, the newly developed drug, kills mf but has little
effect on adult worms (Goodwin, 1984). Consequently, adult O.
volvulus may persist for as 1long as 10 years in humans with
apparently functional immune systems. The mech-nism by which O.
volvulus evades host immunity is poorly understood, but by analogy
with other parasites, one may postulate that the surface of the
worm plays an important role in tihe process (Cohen, 19832). It was
proposed that factors such as variations in worm suriace, antigen
disguise and inhibition of host imiunity are possikie maechanisms
used by 0. volvulus to escape host immune attacks. The overall aim
of the present project was to determine the role played by surface
antigens and other molecules of u. volvulus in evading host immune

systems. osSpecificially we proposed to:

a) identify the surface molecules (including protein and
carbohydrate antigens) on each of the developmental
stages of 0. volvulus.

b) 1isolate the dominant and/or stage specific

antigens of developmental stages of O. volvulus and

characterise these biochemically.
c) determine the role of the isolated molecules on the

immune response of the host.

In accordance with the provisos of the USAID reviewerls, we
were limited to the first of the specific objectives listed above.
However, our results show that we went beyond the first objective

4.2. RELEVANCE TO DEVELOPMENT:
Onchocerciasis has adverse socio~economic consaquences. Apart

from disabling and disfiguring its victims, it may render them
blind thereby decreasing their productivity whilst increasing their
dependence on scarce family resources. Large scale evacuation of
fertile lands near high onchocerciasis transmission areas has been
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documented in West Africa and associated with a fall in
agricultural productivity, the main source of income of the
afflicted rural masses. Since onchocerciasis 1is endem.c 1in
Tropical Arrica, Latin America and the Yemen, anv contribution to
its control is likely to have a positive international impact. New
control measures may include effective dr.gs, vaccines and

diagnostic methods.

4.3. INNOVATIVE ASPECTS:
At the onset of this project, few laboratories were concerned

with the problem of the mechanisms of survival of 0. volvulus in
man. We chose to investigate the cuticle because it is the major
organ of contact between the parasite and the host immune system.
As such the cuticle was seen as & decisive component in the host-
parasite interplay (Maizels et ait, 1982: Politz and Philipp, 1992).
Our choice has since been vindicatc”® by the significant growth in
the number of publications on this topic (for 1ieviews see
Betschart, 1990). Our proposal to investigate host immune
responses with isolated or specifically labelled 0. volvulus

molecules has also gained wide currency with the application of

recombinant DNA and hybridoma technologies (see results).

4.4. ASSISTANCE FROM ..HER ORGANIZATIONS:
The successful completion of this project was facilitated by

the collaboration of many organizations. First of all, the A.I.D.
Mission in Yaounde was always helpful and couperative, in solving
management problems and maintaining linkages between our laboratory
and A.I.D. Office in Washington.

The National Research Council, acting through the Board on
Science and Technology for International Development (BOSTID)
organised training workshops in which we participated. In November
1991, BOSTID sponsored an International Biotechnology Workshop at
our Centre. Not only did this workshop help to train our
researchers in many techniques that would be needed in future, it

launched our Tentre internationally.
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Research and/or Training grants were received from other
international organisations, including ] Fellowship from W.H.O.
(Geneva), 2 training grants from New England Biolabs, 3
scholarships from the International Program in Chemical Sciences
(IPICS, Uppsala). Besides, IPICS has been supporting the purchase
of reagents and small equipment items for our group since 1988.

5. METHODS AND RE&SULTS:
This Section is based on five publications, derived from this

project and referred to by their Roman Numerals (see Section 7).

5.1. SURFACE SUGARS OF ONCHOCERCA volvulus (I):
Lectin-binding assays were used to determine the occurence of

exposed sugar moieties on infective larvae (L;), adulis (male and
female) nodular and skin microfilariae and eggs of Q. volvulus.

The various parasite stages were isolated and reacted alive with
fluorescein isothiocyanate-labelled lectins of diverse
specificities. After washing off excess unreacted lectins with
buffers the parasites were examined under a fluorescence
microscope. These studies enabled us to detect D(+)-galactosyl,
D(+)-mannosyl and N--atetyl galactosamine residues on <tThe worm

stages. However, the combination of surface sugars detectel varied

considerably between the parasite stages. Additional studies
suggested that some of the sugars were constituents of antigenic
glycoproteins (II, III). The data in I also revealed marked

differences between 0. volvulus and other filarial worm stages with

respect to 1lectin binding and in keeping with the known

specificities of these antigenically related parasites.

5.1 SURFACE POLYPEPTIDES (II & III):
Several approaches were employed to identify and characterize

the cuticle-associated polypeptides of the worm stages described

under 5.1.
Viable parasites were radio-iodinated in the presence of the

catalyst, iodogen. Their surface components were then solubilised
with detergent for analysis by SDS-PAGE and autoradiography

directly or after immunoprecipitation with specific antisera. In
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the first phase of our work, sera from patients with different
densities of skin mf were wused in the immunoprecipitation
exper iments. No difference was found in the antigen pattern,
recognised by sera from different patient groups. Lhowever, the
number and molecular sizes of polypeiptides detected varied from one
stage to another. All worm stages contained polypeptides that
failed to react with human immune serum and were thus considered to
be non-immunogenic in man. These non-reactive polypeptilns seemed
to represent most of the radiolabel-incorporated by female worms
and infective larvae. A few antigens appeared to be stage
specific, occuring only on one of the worm stages studied, but a
majority of them were shared by several stages. Thus like the
surface sugars the polypeptide antigen profile seemed to vary from
worm stage to stage. This implied that immune responses mounted
against one stage would not be effective against subsequent stages.

Indirect immunofluorescent antibody tests (IFAT) with specific
antisera revealed the p.esence of counnective tissue components
tightly bound to the adults; nodular and skin mf. Thus collagen
type IV was detected in adult females, type VI on skin mf and
laminin on nodular mf. These observations confirmed the view tha*
host antigens may disguise the parasites thereby protecting thern
from immune attack and prolonging their survival: a finding which
was further corroborated by the failure of onchocerciasis sera to
react with skin mf in the IFAT.

Electron microscopic studies indicated that radiciodination
catalysed by IODOGEN may target antigens in the sub-epicuticular
layers i.e. in the basal, cortical and hypodermal layers of the
cuticle (III). To identify surface antigens we utilised
biotinylation as an alternative labelling me.hod since biotin is
not expected to penetrate the epicuticle.

Biotinylation revealed polypepiides of 97, 61, 58, 53 and 50kd
on adult males, but not females or microfilariae, suggesting that
a majority of the iodogen-labelled antigens were not necessarily
exposed to the surfare. Taken together with the preceeding
results, w~ now believe that the epicuticle of all other stages
except adult males is poorly antigenic. Under certain conditions
the surface may harbour exported antigens tha! can be demonstrated
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by labelling. Such antigens may play a role in mediating the

attack of the parasites by immune cells (V).

HUMORAL IMMUNE RESPONSES TO A MAJOR CUTICULAR ANTIGEN (IV)
During the course of the studies reported in II and III, we

noted that antigens with the apparent molecular weight range of 67-
68kd were frequently recognized by seraz from all patients' groups.
The same antigens were present in the five worm stages studied. A
polyclonal rabbit antiserum tc a cuticula. fraction designated F5

also recognized this antigen(s). The rabbit anti-F5 was used to

screen a cDNA expression library for expressed 0. volvulus

antigens. One of the clones isolated expressed a polypeptide of
mclecular weight 67kd. Its parent proteins were isolated from
adult female worms by affinity chromatography and used in
serological analysis in parallel with the corresponding recombinant
protein (rp67). The results obtained showed that in patients' sera
there were high concentrations of IgG4 and IgE antibcd.ieés to both
the native p67 and rp67. The p6t~” was however, more specific in
detecting anti-onchocercal antibodies. Partial nucleotide sequence
data (Sakwe & Titanji unpublished) have indicated that rp67 is an
analogue of the major Onchocerca antigen described by Dorelson et
al (1988). Further studies are in progress *to determine “he role

of rp67 in host-parasite interplay and in immunodiagnosis.

5.4. APPLICATIONS OF SURFACE-ASSOCIATED (CUTICULAR) ANTIGENS OF
0. volvulus
The results presented in this section went beyond the provisos

of the USAID reviewers, as they addressed the problems of diagnosis

and immune protection.

5.4.1. AN IMMUNODIAGNOSTIC ASSAY FOR ONCHOCERCIASIS (V)
Using the rabbit anti-F5 antibodies we had earlier

demonstrated the presence in onchocerciasis sera and urines of
cuticular antigens, which we proposed as targets for
immunodiagnosis (Titanji & Ngu, 1986). During the reporting period
the F5 antigens were used to raise a pannel of monoclonal
antibodies termed MOVs. The MOVs were selected on the basis of
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non-reactivity with human skin, Ascaris lumbricoides and Loa Loa

antigens and reactivity with 0. volvulus cryornuts. The first
batch of 8 MOVs were then evaluatedl in an ar *igen capture assay for

onchocercal antigens in urine. In this assay the rabbit anti-F5
was immobilised on polyvinyl microtitre wells and used to trap
antigens present in urine or patients' sera. After eliminating
excess unbound antigens, the bound antigens were then reacted with
the MOVs. In the final step the presence of the MOVs were revealed
by an anti-mouse globulin enzyme conjugate which cataly.-d a
colcrimetric reaction with appropriate substrates. The moiiuclonal
antibody, MOV1l, emerged in this assay system 23 the most -pecific
for the detection of onchocerciasis. Urine was a better specimen
for the assay than sera. With a 98% sensitivity and over 90%
specificity the develcg-? test compared favourably with others

described in the literature.

5.4.2 CELL-MEDIATED AND MONOCLONAL ANTIBODY-DEPENDENT KILLING OF

ONCHOCERCA volvulus MICROFILARIAE (VI).
Following the acquisition of the hybridoma technology and its

application in Section 5.4.1, another sei of 32 monoclonal

antibodies were prepared, this time against surface extracts of

females, microfilariae and L3-infective larvae of O.volvulus. The
same selection criteria were used for this set of MOVs as was
described above (Section 5.4.1.). Particular attention was paid to
MOVs that reacted with the cuticle. 1In order to investig.te the
roles of these MOVs, cytoadherence and cytotoxicity experiments
were conducted by incubating microfilariae and patients' leucocytes
in the presence of the MOVs.

Our results showed that cytoadhereiice to mf was selectively
enhanced by monoclonal antibodies that recognized a 27kd antigen.
The cytoadherence was more dependent on the presence of human
complement thar the killi..g reaction which uccurred almest to the
same degree in the absence of complement. Both reactions required
the monoclonai antibcly MOV32. These results suggested to us that
target antigen of MOV32 is probably involved in mediating the
killing of mf by leucocytes in vivo. There is thus an obvious
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interest to characterise this target antigen further as a possible
vaccine component against onchocerciasis.

6. IMPACT, RELEVANCE AND TECHNOLOGY TRAMSFER
The most potentially useful aspect of this study is the

diagnostic test which we are now evaluating on a larger sample. If
our results are confirmed we believe that the method would be
adopted for use in rural hospitals and dispensaries in the endemic
areas. Already reference is being made to this laboratory to
dicgnose difficult cases of onchocerciasis in the country.

This project has also strengthened the researc. capacity of
our department by introducing a variety of state-of-the-art
techniques: radio-isotopic methods, hybridoma and recombinant DNA
technologies, etc. Within the context of the project a number of
young researchers have been trained. These include W.F. Mbacham,
J.P. Muluh, Evehe Marie-Solange and Amos Sakwe. The first three of
these have already obtained their doctorates: *he last, Mr. Sakwe,
will graduate in early 1993 with a doctorate in biochemnistry as
well. The P.I. has been promoted to the rank of Associate
professor from Senior Lecturer, and has been appointed as the head
of the country's only Biotechnology Center.

The equipment items provided by the project are vital for
running the Centre's research and teaching programs. Two of our
trainees have been employed Aas teachers in the department.
Overall, this project has contributed significantly in expanding
the scientific capacity and scope of the host laboratory which
hither-to-fore dealt only with simple serological studies.

~

PROJECT ACTIVITIES/OUT-PUTS
7.1 MEETINGS ATTENDED by the P.I.
- P.S.T.C.Conference on Biotechnology for Health and

Agriculture. Washington 6-Sth June, 1988.

- International Congress on Malaria and Tropical adicine.
Amsterdam, September, 1988.

- International Epidemiology Conference held in Harare,
Zimbabwe on 7th-11lth August, 1989. '
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Onchocerciasis Conference held in Leiden, Netherlands in
September 1989.

International Symposium on the Biochemistry and Molecular
Biology of Nematode Cuticle, held in Basel, Switzerland in
September, 1989.

7th International Congress of Parasitology held in Paris in
1990. .
First International Congress of the Federation of African
Immunologists, held in Harare, in June 1992.

International Congress of Infectious Diseases held in Nairobi,
1992.

Local Meetings in Cameroon: Cameroon Biosciences Annual
Conferences (Ngaoundere, 1989, Dschang 1991); Cameroon
Biochemical Scoiety Meeting held in Yaounde, November 14,1992.

LIST OF TRAINING WORKSHOPS

Advanced course on PCR ard Molecular Biology techniques held
at the Cattrolic University of America, Washington DC, Sept.20-
28, 1990. (Attended by V.P.K.TITANJI).

PCR/Probe and Recombinant DNA Technology: International
workshop organised at the Biotechnology Centre, Yaounde
University with the assistance of USAID/BOSTID and CUA,
November 11-22, 1991. (Attended by B.ATOGHO, P.N.NDE,
M.S.EVEHE, W.F.MBACHAM, J.P. MULUH & V.P.K. TITANJI).
Biotechnology Course at Smiths College, Massachussetts.
(Attended by A.M.SAKWE and W.F. MBACHAM).

LIST OF PUBLICATIONS FOR THE ENTIRE PROJECT: (See Appendixes).
TITANJI, V.P.K., MBACHAM, W.F., LEKE, R.G.F. (1987).
Lectin-binding properties of Onchocerca volvulus developmental

stages. Annals Universitaire des Sciences de la Sante,
4(2),396-401.

TITANJI, V.P.K., MBACHAM, W.F. (1999).

Identification of the surface polypeptide antigens of the

infective larvae of Onchocerca volwvulus.
Transactions of the Royal Society of Tropical Medicine and
Hygiene, 84, 696-700. '
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TITANJI, V.P.K., MBACHAM, W.F. and SAKWE A. (1990).
Identification of different radio-labelled antigens of the
developmental stages of Onchocerca volvulus.

Acta Tropica, 47, 307-321.

TITANJI, V.P.K., MBACHAM, W.F. and SAKWE, A.M. (1991).
Application of defined polypeptides and monoclonal antibodies

to the diagnosis of human Onchocerciasis.

Abstract No.37 (6 pages). Second CEC Filariasis Meeting held
in Amsterdam in 1991.

MBACHAM, W.F., TITANJI, V.P.K., THUNBERG, L., HOLMDAHL, R.,
and RUBIN, K.(1992). A monoclonal antibody-based
immunodiagnostic assay for onchocerciasis. Tropical
Medicine and Parasitology, 43, 83-90.

TITANJI, V.P.K., NDE, P.N. and MBACHAM, W.F. (1992).
Cell-mediated and Monoclonal antibody dependen* kxilling of

Onchocerca volvulus microfilariae.
Scandinavian Journal of Immunology, Supplement 11, pp.

PATENTS AND PRIZES
No patents were registered, but the P.I. was awarded the 1992

International Society of Infectious Diseases PRIZE (for the Afraica,

W.H.O. Region), during the ISID Meeting in Nairobi.

PROJECT PRODUCTIVITY
Did the project accomplish all the proposed goals? Yes.

FUTURE WORK
We have won the contract for a continuation project PSTC No.10

080/936 5600 entitled 'Molecular Cloning of the Surface antigens of

Onchocerca volvulus'. The full details of this project were

submitted to USAID Washington to which the reader is referred.

10.
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A monoclonal antibody-based immunodiagnostic

assay for onchocerciasis
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Abstract

Five murine monoclonal antibodies raiscd
against Quchocerca volvalus cuticular extracts and termed
MOVs (1 4 and 6) were selected based on reaclivity with O.
volwulus cryosections, and non-reactivity with cryoscetions
of human skin and/or nodular tissue. Two others MOVs 5
and 7 reacted with both, Using the peroxidase-anti- perox-
idase (PAP) histochemical method, the target epitopes of
MOV 1 were located in the cuticle's basal and cortical layers,
those of MOV 2 in the cortical layer; whilst MOV 3--7
stained the basal layer. A sandwich ELISA was then
developed The trapping polyclonal antibody was raised in
rabbits utilising the same aniigens as for preparation of the
MOVs. Once captured on microtiter plates, target antigens
were identificd by the sequential binding of a MOV, fullowed
by o goat anti-mouse globulin/peroxidase or alkaline
phosphatase conjugate that catalysed a colorimetric reaction
£ the presence of appropriate substrates, In this system,
MOV I emerged as the most specific and potent reagent
capable of recognizing antigens of Onchocerca sp. with a
minimal detection limit of 78 ng per test. MOV |, failed to
react with extracts of Loa Loa, Ascaris lumbricoides and
Ascaris suum in the test. The developed assay relied on the
usc of MOV 1, required only 1 ml of urine or 0.05ml serum.
About 97 8% of the 47 urines and 50 % of the 21} sera from
patients studied gave positive results. Only 1 (3%) of 32
contral urines and up to 80% of the 10 control sera studied
tested positive, suggesting urine as a better specimen source.
The test was highly reproducible with intra- and interassay
variations of 6% and 15% respectively. In conclusion our
results show that O, volvulus cuticular components are re-
leased into urine in significant quantities to reveal current
infection, and that some of these antigens recognised by
MOV 5and 7 may serve as a camouflage to protect the worm
from host immune responses.

Accepted 25 February 1992

€ Georg Thicme Verlag Stuttgart - New York

Introduction

Estimates of the prevalence of onchocerciasis
vary between 17 and 50 million infected people within the
endemic areas of Africa and Latin America that harbour a risk
population of about 80 million. As a lcading cause of blindness,
onchocerciasis is also an aggravating factor of the economic
backwardness of the endemic countries (WHO, 1987),

Accurate diagnosis of onchocerciasis in sub-
jects with slight infections is difTicult to achicve through exam-
ination of skin biopsics which ofien do not contain micro-
filariie. If diagnosis is established carly, treatment can folliwy
without evoking dangerous reactions that tend to develop in
heavily infected patients with high loads of skin mf, Paticnt
follow-up during treatment requires accurate dingnostic tests
(WHO, 1983). However, such tests arc currently lacking.

Generally, it is agreed that the detection of
worm products in body fluids is more likely to reflcet current
infection than specific antibody concentration which may corre-
spond to cither present or past infection (Hamilton and Scott,
1984; Ilaque et al., 1982; Titanji and Ngu, 1986). Thus several
studics have been devoted to the detection of enchocercal an-
tigens in body fluids as a more reliable diagnostic method. In
1980, Paganclli et al. reported a significant increase in circulat-
ing Clg-binding immune complexes (IC) in onchocerciasis.
Iowever the presence of 1Cs was not diagnostic of the discase,
although it indicated the existence of circulating antigens that
subsequently became the targets of numerous immunodiagnos-
tic tests (Ouaissi ct al., 1981; Des Moutis ct al., 1983: Titangji
and Ngu, 1984; 1986; Hamilton, 1985; Petralanda et al., 1988).

» In our laboratory, a diagnostic antigen fraction
termed F5, was isolated from the cuticle of adult female worms
and used to develop an immunoradiometric assay that detected
these same antigens in 95 % of the patients” u. ves (Titanji and
Ngu, 1984, 1986). The aim of this investigation ws (o aevelop
an immunoenzyme assay for casicr application in endemic
areas. Thus monoclonal antibodies have been developed and
characterised against fraction F5 antigens. A preliminary ab-
stract of this investigation has appeared (Mbacham et al., 1988).

Materials and methods

Patients: Subjects were physically examined by a
physician for nodules and skin lesions. Skin snips were taken from the
iliac erest, call muscles and shoulder, deposited in RPMI culture mie-
dium and subsequeatly examined under the microseope for ciergent
microfilariae (mf).
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Parasites: Nodules were excised under local an-
acsthesia, from patients attending the onchoccrciasis clinie, Batchenpa
in the Samaga river basin of Cameroon and frozen at —-70°C for cryo-
scctions or uscd dircetly to isolate adult worms by collagenase digestion
as previously described (Fogefbrecht and Schulz-Key, 1984; Titanji ct
ab., 1990). Ascaris lumbricoides was oblained Giom an Tl-year-old boy
in Yaounde, washed abundantly in PB3S p'7.2 and used for the extrac-
tion of antigens.

Antigens: O, volvulus antigens were prepared by ex-
tracting the worms in bulleis, of varying ionic strengths and pll as
described by Titanji et al. (1985). The antigenic fractions termed, 1,
12, 13, and F4 were combined with part of F5 (SDS-extract) to obtain
“total extracls” (TE) of O. volvidus. The tow molecular weight antigens
(12 -25KDa) from O. volvilus weie cluted Trom a prepaative 1%
homogenous polyacrylamide gel on which Smg TE protein had been
sepetated using the bulTer system of Lacimli (1970). Antigens weie
extracted [rom Ascaris summ, A. lumbricoides, Parafilaria hovicola,

and Onchocer .. tarsicole as described (Marcoulis et al., 1978).

Sera; Blood collected by vencpuncture from on-
chocerciasis patient volunteers were processed for sera as previously
described (THanji et al., 1985). The sera were [rozen in aliquots of
200 11 and thawed only once for use in the experiments,

Urines: Urines (10mly from paticnts fasted over-
night were dinlysed against 20 volumes of 10mM Tris-IICT pt! 8.0
followed by one change of distilled water for 6 hours. The dialysates
were lyophilised and the residucs obtained redissolved in 200 of
distilled water. The solutions obtained was sored at - 20°C until thawed
only once and used for antigen assay.

Control sera and wrine: Blood and urines were col-
lected from Buropean subjects with no symptoms of parasitic infections
or from healthy residents of Yaounde with no 0. volvilus infections.
The control samples were treated and preserved as described above.

Rabbit antisera: Rabbits (Mankon-strain, Cameroon)
were bled for pre-immune sera. Subsequently, 1 mg of O. volvidrs I°5
antigen dissolved in 1 ml of PBS and emulsified with an equal volume
of Freunds’ Complete Adjuvant was injected intramuscularly into the
calf mrscles of e mabbits, The rabbits were given boosters of 250 g
ol I'5, in Freunds® tacomplete adjuvant, weekly for four weeks and then
bled, or.e week afler the last booster injection. The blood oblained was
used for the preparation of immunc sera that were stored at -20 °C.

Normal Ewropean skin; was obtained from a non-
parasilised 4z-year-old female Swede undergoing plastic surgery at the
University Teaching Hospital, Uppsala, Sweden. It was cryoscctioned
and usedd for immunohistochemistry.

Preparative methods

Monoclonal antibodies: F5 antigen was ciulsificd
121 with Freund's complete adoeeant (FCA). Five BALB/C mice were
cach innoculated intradermally into their hind foot-pads with 25pug of
IS antigens. The mice were killed 11 days later by aspixia in cther
apour. The popliteal and inguinal lymph nodes were dissected out and
used for the isolation of lymphocytes (Holmdall et al., 1985).

Lymphacytes were fused with SP2/0 mycloma cells
(Mount Sinai Schocl of Microbiology, USA) in (e ratio of 1:5 using
50 %% (w/w) PEG (Sigma, M. Wt. 1 500) in scrum frec Dulbeco’s Min-
imal Essential Medium (DMEM) supplemented with 100 Uml 1 peni-
cilling [00pg.m! U steeptomycin and 10 ol glutamine  (PGS-
SIGMA). Hybridomas were grown as pieviously described (Galfre and
Milstein, 1982; Holmdahi ct al., 1985).

Afler 10 days of cultures, 1pG producing hybrids
were sclecled on the basis of (i) positive reactions in an alkaline
phosphatase bascd Enzyme Linked Immunosorbent Assay (ELISA)

B2 E Mbacham, VP K. Titanji, L. Thunberg et al.
with the immunogen (F5); (ii) noncactivity with Ascaris sp. antigens
in a similar assay; (iii) positive reactions with O, volvidus seetions inan
immunohistochemical peroxidase anti-peroaidase staining method (see
below) and (iv) non-reactivity with human skin in the siime imnmo-
histochemical staining procedure.

Hyleids fulfilling the selection eriteria were cloned
twice by limited dilution, at .0 cells ml ' (Galfie and Milstein, 1982;
Holmdahl et al, 19RS) and grown in DMEM sopplemeted with antibi-
otics coitaining 1% FCS for ¥ weeks, The monoclonal antibodies
obtained were purified by allinitv clromatography on 'rotein A-
Sepharose 4B columns (Pharmacia) as deseribed by the numutacturens,
i the text that follows these monoclonal antibodies are referred 1o as
MOV ic. Monoclonal antibodics to O voliudus.

Characterisation of MOVs: The titeis and reaclivity
of MOVs wiihi other helminthe were determined in o diteet ELISA.
Isotypes, were determined in a sandwich ELISA with subclass specifie
reagents (Jackson Laboratories, USA). These ELISAs are described
below.

dentificanon of toger antigens: These wete iden-
tificd after isolation by afTinity ciromatopraphy on NMOV- Sephacryl
columns. MOV | ar MOV 2 (200403, was coupled to periodate acti-
vated Sephacryl §-300 (Pharmacia) according to the method of Wiight
and Hunter (1982). F5 antigens radiciodinated by the jodogen method
(Titanji ct al, 1990) and contuining (300 500 < 10'¢pm of
trichloroacetic acid precipit-uie rdioactivity were parified on the
MOV-Sephacryl S-300 columns equilibrated and cluted with phosphate
buflered saline pl17.2. After sample application. clution was inter-
rupted and the columns incubated for 12-- 14 hours at 47C. Subseqgently
they were washed with PBS until (he absorbance at 280 nm of the
eMuent was zeio. Elution was continued witts 0.1, 4 sodium acetate
bufTer pl14.0 containing 0.5M NaCl. Fractions of 1 m! were collected
and necutralised with a few drops of M Tris. Peak radioactive fiactions
were pooled and 100t of 17 BSA added to them as carrier protein.
The samples were further desalted by chromatography on a Scephadex
(325 (PD-10 column- Pharmacia) cquilibrated and cluted with PBS. The
proteins in the void voluine were analysed on a 6 -20 % gradient SDS-
PAGE (Laecmmli, 1970). The stained gels were then dricd and auto-
radiographed according to the method of Westerman (1985). A Scph-
acryl column with coupled rabbit antibodics to I'5 served as posilive
control to purify IS antigens immunogenic in rabbils. Unsubstituted
Sephacryl 8-300 columins served as negative control o demonstrale that
the binding to afTinity columns was specific.

Enzyme inmuno-assays

ELISA: Monoclonal antibody iseiypes and titers
were determined as previously described (Holmdahl, ct al., 1985) ex-
cept that IF5 or other helminth antigens were used Lo sensilise plates at
10 pg.m!l - Vand conjugates used were goat anti-mouse antibodies linked
cither to alkaline phosphalase or horse radish peroxidase (Sigma).

Non-competitive inhiibition ZL1SA: This was used to
detect antigens in urines amnd sera. MOVs were serially dituted and
mixcd with an cqual volume of acid treated sera (WO, 1983) or
dialysed urine, to final concentrations of 10,1, 0.1 pg.ml T respectively
cle. The mixtures were incubated for 24 TUat 4 °C and then transfered
to plates presensitised with U5 antigens. ‘ihe MOVS b ! to antigens
of the urine samples were detected with an anti-mause (IpG) conjugated
to alkaline phosphatase.

The two-site or sandwicl immunocnzymatic assay:
This assav was used (o (i) deteet O, volvulus antigens in sera snd urines,
(ii) construct a standard graph using F5 as antigen source, (i) deter-
mine the reactivity of the MOVs with Ascaris sp., L lea and O, tarsi-
cola antigens.
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In this assay, 50 jil of rabbit anti-FS antiserum (titer,
1:10Y were diluted 100-fold, applied to ELISA plates and incubated
for 12-14 11 at 4°C. Antigen source was cither urine, scra, other
nematode antigens (10pig.aml =) and F5 (10 pg.ml- 1y as positive
conlrol. Plates were further incubated overnight at 4°C, and washed.
Bound antigens were reacted with 501 of 10-fold scrially diluted
MOVs (for calibrations) or MOV I at 10pg.ml- ¥ (for the test) for 2 11
at room temperiture (25 °C). Bound MOVs were detected by second
antibody conjugates. Normal European serum and urine samples as
well as African endemic controls urine samples (n = 30) served as con-
trols. The assay was done four times and the average values for cach
sample was calenluated and then plotted on a seatter diagram. The
precision and reproducibility were caleulated from intermal positive
standards (n = 0) included in cach assay.

Reviiwions of ELISAs: Alkaline phosphatase reac-
tions were used in the selection and preliminary characterisation of
monaclonal antibodies. The enzymalice reactions were performed with
p-nitrapheny! phospate dissolved at 0.5mg.aml- 1 in 10% dicthanol-
amine bufler, pl19.8 as substrate, The washing and dilution buffer was
10 mM Tris bullered saline, pl 7.4 containing 0.05 % Tween 20.

Peroxidase based reactions were used for the further
characlerisation of MOVs with comparable results. ‘The substrate for the
reaction was in dis case, o-phenylene diamine (OPD) dissolved at
0.4 mglml in 1OmM citrate buffer pH 4.5 and containing 0.006 % of
1,0y, The washing and the sample dilution bufler was PBS, pti74
containing 0.05 % Tween 20. Reactions were stopped with 50l of
0.1 M 11,80, Oplical densities at 490nm were read from a Titertek

mltiscan ELISA-reader. Data from individual patients (micfilarine/
smp) and serum antibodics (1:1000) were cotrelated with antigens in
urines.

, Immunolistochemical staining:
the peroxidase anti peroxidase (PAP) method

For immunohistochemical staining, 6 jum thick cryo-
sections of onchocercal nodules and normal human skin were mounted
on nucroscopc slides, air dried [v. .0 min and then fixed in absolute
acetone (-20°C) for 5 mi+ Staining was done with 5011 of hybridoma
cullure supernatants per section according to the manufacturers' in-
structions (Dakopitts, Denmark). A murine monoclonal antibody to
HLA-DR (Dakopalts) antigens was uscd as positive control (dilution,
1:2000).

Protein was determined according to the method of

Read and Northcote (1981), with bovine serum albumin as standard.

Statistical calculutons: Data from the assays were
analysed for cocfTicicits of variations as deseribed by Iamilton (1985)
and Morrow (1981). The Student t-test was used to caleulate the signifl-
icance of diflerences between paired experimental groups.

] r 2 3 4 Fig.1 Binding properties of monoclonal antibodies
1.2 raised to O. voivulus F5 antigens (MOV). Arrow indi-
cates the startln? concentration of the MOVs which
E \ S~ was 100 pg.ml™ . ELISA plates were coated with F5
g 0.6 N ) antigens as described under Materials and methods.
[o)]
.y D
g00 . S
4 6
i 2 5 6 . 7t 2
0.6{
0.0 = N
t 2 4 6%t 2 4 8 1 2 4 6
log of Recip. MOV DIl. - ——w
Fig.2 Standard graph for the detection
0,7 of O. volvulus antigens by MOV 1, The
broken line represents the background
—_ + 2 slandard deviations. In calibrating the
E 4 system F5 antigens were 2- !old serially
b diluted down from 10 pg.mit™ " in 0.1 %
A BSA and applied to plates coated with
a rabbit antibodies lo F5. MOV 1 was
e} ~ aliquoted at a fixed concentration of
10 ug.mi™ ' and subsequent reaclions
0.4 » wera perfromed as described.
L]
[
______________ ® —
,_____o--———v/—
0,1]
of —— .
0,01 0,078 0,625 10
Q'ty of antigen {ug) >
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Fig.3 lmmunoenzyrﬁalic assay of circulating O. vol-

0.6 ; vulus antigens. T - treated 0.1 M glycine, U - un-
-— treated. Arrow is the optical densily of the positive
| control {F5 antigens, 1y1g). Horizontal bars represents
£ the means while the vertical bars represent 1 standard
c deviation about the mean.
8
hJ
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Fig.4 Immunoenzymalic assay of 0. voi-
0.6 vulus antigens excreted into urine. Ur. -
— urines; S - sera; Arrow, O. D. of posilive
E - controls (F5 antigens, 1.0 j1g). @, antigen-
9 uria; O, antibody concentration; 1, anti-
= genuria in active ascariasis {0 = 6.
o o 0.04 1 0,05). Horizonlal bars are the
o o ht‘ means while the verlical bars represent
U‘ﬂ P2 2 standard deviations from the mean.
m@ y: The points on the diagr~m are means of
0.3 1 A 4 delerminatiuns agreeing within 6 %.
i
-
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European African controls Onchocerciasis
controls patients
Results Immunodiagnostic tests for onchocerciasis
Properties of MOVs L
P f Evidence for the presence of MOV target an-

Subclass and binding characteristics

Of the hybridomas obtained after fusion, seven
out of 15 were sclected for further study as described under
Materials and methods. Those which were excluded reacted
cither with Ascaris sp. or uniquely with human skin. All seven
MOVs retained were of the 1gGy subelass except for MOV
which was of the 17, subclass. The titers of these MOVs, after
affinity purification on Protein A columns, varicd between 103
and 107 from starling concentrations of 100 pg.ml” ! (Fig. 1).
Although titration of the MOVs started at the same initial pro-
tein concentrations, different binding profiles werc obtained
probably reflecting structural diversity of the target cpilopes
(Fig. 1). Biotinylation of the MOVs did not change their titers
nor binding characteristics and could thus be uscd to amplify
the 1cactions (results not illustrated).

tigens in urines and scra was demonstraled using a non-com-
petitive inhibition ELISA. In cxperiments, not illustrated, an-
tigens present in paticnts’ urines or sera were shown to inhibit
the ELISA reactions bv 71 % and 75% respectively. Since
direct inhibition ELISA is somewhat insensitive and restricted
by the range of optical densitics that can be oblained in a given
aseny, we turned to a sandwich assay which is more sensitive
and flexible.

Two-site or sandwich immunoenzymatic assay:
Immobilised, afTinity purificd rabbit anti-I'S antibodics were
used as the solid phasc antitdies to caplure antigens in the
body fluids. MOV 1, 2, 3 to 7 were then used to deteet the
captured antigens. MOV | was the most reactive, followed by
MOV 2 and 3 (results not illustrated). MOV 4, 5 and 6 did not
react in the assay system and so were omitted from further
characterisation. Bascd on the above MOV 1 was uscd in sub-
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Table 1 Detection of antigenuria in distinct patients groups.

Patient Nunmiber of

Antigenuria Anlii.ody mean

Zone
group patients tested oD+ SD oD +8h
Hyperendemic snip + Ab + 29 0.33 £ 0.06° 0.29 £ 0.05°
(SA'A) snip— Ab + 13 0.324.0.07° 0.304 0.06'
Endemic contro! snip- Ab + 17 0.12+0.02° 0.2210.06Y
(Yaounde) snip - Ab - 17 0.13+0.04° 0.09 +0.07"

The differences between a and ¢, a and d, b and c, b and d are statistically significant (p <0.01). The differences between a and b and ¢ and d are

statistically insignificant.

scquent assays. Figure 2 represents a standard graph in which
MOV | was used ta deteet added antigen. It can be seen that the
assay detected at least 78 ng of crude 5 per test.

The sandwich assay was then applied to detect
antigens in acid-treated sera. Pretreatment of sera with acid was
required to dissociate immune complexes and relcase bound
antigens (WHO, 1983). Figure 3 shows that, circulating an-
tigens could be detected in 50 % of the sera from skin snip-posi-
tive onchocerciasis patients. Endemic control sera were non-
reactive. The difference between optical density readings of the
test and control seraT (Fig.3) was statistically insignificant (p
<0.5). Surprisingly there were more false positives among
European sera than African control subjects (Fig. 3) probably
reflecting non-specific interactions with serum factors.

When urines were used as a source of antigens,
the assay was significantly specific. It detected excreted an-
tigens in 97.8% of proven cascs of onchocerciasis ((.001 <p
<0.01) with respeet to endemic control urines). Only one
patient had optical density readings above 2 standard deviations
of the mean of control urine sample-readings from Yaounde
(Fig.4) '

cievious studies (Titanji et al,, 1985) has
shown a high prevalence of onchocercal antibodies in sera from
snip negative subjects resident in Yaounde, a non endemic on-
chocerciasis area. It was thus interesting to examine the wii-
chocercal antibody serum titres and antigenuria of subjects
from Yaounde. The results obtained are summarized in Figure 4
and Table 1. It can be scen thay the sandwich assay clcarly
discriminates between exposed subjects and prepatent cases.
Snip-negative, scro-positive subjects from Sa'a a hyperen-
demic, high transmission village had OQ.D. readings for an-
tigenuria that were significantly higher than the values obtained
for subjects with similar profiles from Yaounde (Table 1). Based
on these observations, the snip- negative but sero-positive sub-
J=cts from Sa’a were deemed to be probably prepatent cases of
onchocerciasis whereas similar subjects from Yaounde were as-
sumed to have been simply exposed to the dis-asc.

The specificity of the sandwich assay was cal-
culated to be 96.7 %, whercas its prediclive value for the uctive
discase stood at 98 %. We calculated an intra-assay variation of
6% (n=0) and an inter-assay variation of 15% (n = 5). There
was no correlation between the parasitic load (m{7snip) and the
LELISA reading;.

0.D. (490 nm)

0.254

0.00 v :
1 3

4 Ing of Recip. MOV Dil. —
Fig.5 Rcactions of nematode antigens and MOVs. @,
O.volvulus; @, L. loa; Q, A. suum; O, O. tarsicola;

X, A. lumbricoides. Rabbit artiserum to 5 was coated

on plates and used to trap respective parasite antigens
present at final concentrations of 10 ug.mi ™.

Arrow = slarting concentration of the MOVs (100 pg.ml” 1).

: E'FG ABC D EFQG
B | L [
-Bs &= | O A
— '.. ' - 243 =
— - a0 -]
! —_— b b pemd . 20 | - b foend
- .14.4.“-1 1
~— front S 0 | e [ W ML A tront

Fig.8 Identification of target antigens to MOV 1 and 2. Labelled
F5 antigens 85.10° cpin (B) and (8-10) x 10° cpm {C-G) were ana-
lysed on an 8-20 % acrylamide gel and autoradiographed for

3 days (B, C, D} and 8 days (E, F, G). C and F contain antigens
eluted from MOV 2 affinity columns whereas tracts D and G wera
from MOV 1, affinity columns antigens in tract E were eluted from
a Rabbit anti-F5 affinity column,
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Fig.7 Immunohistochemical staining pattern of MOVs. The PAP-
hased te-hnique was used. A Staining of the basal layer of an
0. volvulus worm by MOV 1, 3-7. B Staining of the r, ‘ruticle
by MOV 1 and 2. C Staining of the uterine contents by MOV 3,
4 and 7. D Negative contro! in which the worm sections were re-
acted with normal swine serum. E Positive control-murine Mono-
clonal antit--xly against 1iLA-DR antigens was reacted with nodu-
tar cryosections. Note the infittration of these nodular tissues by
immune cells and the apparent lack of these on or around the
worm.

LI ; "- : y o e . % 3]
L ) O & R T A '1"4. X'

Reactivify with antigens of related acmatodes:
Figure 5 shows the reaction of MOV | with antigens from other
helmiths: O, tarsicola. L. loa, A sam A Iumbricoides.
How-or, MOV | reacted with: O. tarsicola antigens in the sad-
wich assay. In a direct ELISA (sce Malterials and methods)
MOV | and 2 also recognized O tarsicola antizens thereby,
suggesting that it was onchocerca specific (esnlts not il
lustrated).

Isolation an.! properties of MOV Land 2 target
antigens: S antigens were radioiodinated and purified on af-
finity columns containing immobilised MOV 1, MOV 2 or rab-
bit anti-ES antibodies. Two ~ntigens of 20 and 60 Kda were
cluted from MOV2-Sephacty! S-300 columns (Fig. 6, fanes <,
D, F and G). n addition to these antigens, 1 67 KD was cluted
from the MOV 1-Sephacryl columns (Fig. 6, Jane G). Labelied
polypeptides, contained in Fraction-F5 (Fig. 6, lanc B3) were
identical to those contained in the cluate from the rabbit anti-
['5-Sephacryl S-300 column, indicating, that all of 'S antigens
were immunogenic in rabbits (Fig. 6, lanc ). The rabbit anti-I5
columns serving as a posize, e control (hus yiclded antigens with
apparent molecular sizes oft 20.0, 28.5, 3.0, 47.5, 60.0, 67.0,
87.0. and 148 KDa (Fig. 6. lane E). Similar results, not illus-
trated, have recently been obtained by Western blotting using
MOVs and antiserum decetibed above (Mbacham and Titanji,
unpublished  observations). Susceptibility to radioiodination
suggested the protein nature of the target antigens.
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Distribution of target antigens in parasite fis-
sues and nodules: o order o localize the target antigens,
O. volvalus female worm cryosections were stained with the
MOVs as described under Materials and methods. Figure 7
shows the stainiag patierns ohserved, MOV 1 stained the basal
layer and cortical layers. MOV 37 reacted with the basal layer
of the female worm (Fig. 7A), and MOV 2 stained the cortical
layers of the worm (Fig. 7B). MOVs 3, 4 and 7 also recognised
epitopes of the uterine contents of the worm (Fig. 7C). Fig-
ure 7E showed murine monoclonal antibodies to HLA-DR anti-
gens to react with immune cells, but not with nodular tissue
confirming the specificity of the histochemical reactions in
Figs.7A-D.

Discussion

Previous studies have shown antigens of the
cuticutar fraction termed FS, to be candidates for the im-
munodiagnosis ol onchocerciasis since these antigens could be
detecied botly in patients” sera and urines (Titanji aid Npu,
1984; 1986). The present study confirms and extends these
results through the development and use of monoclonal anti-
badies in an enzyme immuaoassay (Table 1, Figs. 2—4). The test
described herein compares favorably with others in terms of
specificity, simplicity and sefety. It has a minimal detection
limit of 78ng crude antigen per assay (Fig. 2) and requires a
minimum ~f Fml of urine. Apparently, the assay can discritui-
nate between exposed and prepatent infections  (Fig.4 and
Table 1). This makes it more specific than the detection of
specific antibody which is prone to yielding false positives
when applicd to endemic control subjects (Fig. 4, Table 1;
Titanji ct al., 1985),

The sensitivity of the present assay approaches
98 %, a considerable inpravement when compared with other
methods which detect antigens in about 76--86 % of the body
fluids examined (Ouaisi et al., 1981; Haque ct al., 1982; Des
Moulis ctal,, 1984; Petralanda ct al., 1988; Schlic-Gaizman and
Rivas-Aleala, 1989; Chandrasheka ct al., 1990). The use of an
enzymalic reaction instead of radioactivity to reveal the pre-
sence ol antigens in this assay clearly favours futurc application
in remote endemic areas. The diagnostic monoclonal MOV |
under optimal conditions discriminated between onchoceerea!
and other hielminthic antigens (Fig. 5). Ascaris infected patients
constituting 30% of Yaounde subjects (Titanji ct al., 19RS)
tested negatively as compared to onchocerciasis subjects, 1t is
possible that helminth antigens present in urine did not contain
the epitopes detected by MOV 1 in the crude A. lumbricoides
extracts; urines from children with active ascariasis tested nega-
tive (see Results).

In keeping wilh previous investigations (Ouaisi
ctal, 1981), we found antigen detection 1o be casier in urine
than in scrum, When the present method was applicd to acid
treated sera, circulating antigen could be detecied only in 50 %
ol the investigated sera (Fig. 3). This result agreed with those of
Steward et al. (1982) who found 1gG/IgM immune complexes
in 50% of onchocercingis sera, The reaction of MOV 1 with
European sera coukd be attributable to the non-specific interfer-
ence of serum factors (Hamillon, 1985).

No correlation was found between worm bur-
den (mf/snip) and urine antigen concentration in this study. The
processes leading to the release of MOV | iarget antigens into

Trop. Med. Parasitol. 43 (1992)
urine are probably complex and not proportionately related to
worm burden. However Schlic-Guzman and Rivas-Aleala using
polyclonal antibodies found a good correlation between skin
microfilarial counts and antigen concentration i paticnts’
urines. The use of different types of antibodies may explain the
discrepancy between the cited studies.

The target antigens «f MOV | purilica by al-
finity chromatography were shown to be polypeptides of 20, 60
and 67 KDa, similar in sizes to other previously described anti-
gens (Philipp ct al,, 1984; Cabrera and Parkhouse, 1986). In the
abscnee of additional structural information it remains to be
scen waether the targets of MOV | are identical to kriown anti-
gens, MOV | reacted with O. rarsicola extracts which could
serve as alternative sources for its target antigens.

MOV 5 and 7 recognised epitopes both in the
basal layer of the worm anu ihe epidermis of the human skin
suggesting antigenic similarities between the two, Following the
rigorous procedure in antigen extraction, it is unlikely *hat these
MOVs were raise ' to human tissue contaminants, In a recent
study (Titanji et al., 1990), artibodics to collagen ty, & VI and
Jaminin were shown to react with cryosections of (. volvulus,
Antigenic similarity between the parasites' cuticle and host con-
nective tissue may be part of an immune evasion mechanism
favouring the survival of O. vofvulus in the immune competent
host.

In conclusion, this study has demonstrated the
usc of cuticular antigens in the diagnosis of onchocerciasis with
urine as the better source of antigens. Altempls to improve
further on the test sensitivity may require employing a cocktail
of monoclonal antibodics raised to antigens excreted into urine.
The sharing of common antigenic epitopes between Q. volvidus
and the human skin may play a role in host-parasite interactions
in onchocerciasis and should be investigated further,
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Celi-Mediated and Monoclonal Antibody-
Dependent Killing of Onchocerca volvulus
Microfilariae™ "

V. P. K. TITANJI, P. N. NDE & W. F. MBACHAM

The Biotechnology Center and Department of Biochemistry, Faculty of Science,
Yaounde Univers''y, Yaounde, Cameroon

Titanji VPK, Nde PN, Mbacham WF. Cell-Mediated and Monoclonal Antibody-Dependent
Killing of Onchocerca volvoulus Microfilariac. Scand J Immunol 1992;36(Suppl.11):57 -61

To identify the target antigens implicated in the adherence and killing of microfilariac (mf) by
leucocytes, we incubated nodular mf and leucocytes in the presence of anti-cuticular monoclonal
antibodies (MOVs) and fresh serum. Leucaeyte donors were patients with t mean age ol 37 years
(with 0-1 mf/snip), who had lived in the endemic village studied for at least 10 years. After16 20h
of iacubation, up to 74% of the mf could be seer” with 10 or more cells adhering to {hem. By
36-40 h up 10 54% of *he ml had been killed by the leucocytes in the presence of a cocktail of
monoclonal antibodies termed MOV GIV. The degree of killing in control experiments with the
monoclonal antibody MOV | remained lower (P <0.05), ranging from 0.0 to 4.5% of mfl with
initial viability of 90 -95%. Western blotting revealed MOV GIV prominent target antigens of
10.5, 18.0, 23.5 and 27 kDa in crude surface extracts of female O. volvadus, The detected antigens
may play a role in host protection. ' o

Dr V. P. K. Titanji, Department of Biochemistry, P.O. Bo+ 812, Faculty of Science, University of

Yaounde, Yaounde, Cameroon

Severi:! studies have shown that leucocytes from
onchocerciasis patients can adhere to and kill
microfilariac (mf) of Onchocerca voloulus in the
presence of antibody and complement {1, 2].

These reactions may resuic in the reduction of

skin mf density or the exacerbation of inflamma-
tory symptoms in the patients [3,.

Eosinophils and neutrophils have been impli-
cated in the attack of onchocercal mf, but the
antigens hat mediate this attack arc slill
unknown. Hlerein, we show that murine mono-
clonal antibodizs (MOVs) raised to cuticular
antigens of Q. voloulus MOV GIV) promote the
killing of O. volvulus mf by leucocytes in the
presence of fresh normal human serum (NIHS).
The target antigens of the MOVs used in these
experiments are probably implicated in the killing
reaction,

* A preliminary account of this work was presented
at the 2nd CEC Filariasis Meeting in Amsterdam,
September 1991.

*"MATERIALS AND METHODS

All manipulations were done under aseptic conditions.
Monoclonal antibodics (MOVs) were prepared as pre-
viously described [4- 6).

Peripheral blood leucocytes were isolated by layering
20 ml of heparinized blood dilute:} twofold with
phosphate-buffered saline (PBS) nver 15 ml of lympho-
prep in a gradient bottle. The bottle was then centri-
fuged 0 800 ¢ for 15 min in a Beckman desk centrifuge
with a sv"v out rotor. The leucocytes which banded in
the interptiase between the plasma-PBS and lympho-
prep were aspirated, washed three times with 40 mix 3
of PBS, and suspended in RPMI-1640 containing
antibiotics and serum as described below.,

Microfilariae (mf) were isolated from O, volealus as
previously described [7). Viability ranged between 90
and 98% at the start of the experiment. Since it was
impractical to handie blood from all patients at once,
they were studied in groups ol 9 10 for cach experiment.
Some patients gave blood more than once. The 14
patients who donated blood for this study comprised 6
males and 8 females aged belween 18 and 58 years
(mean age 37+ 12). They had been residing in the
hyperendemic village of Sa'a in the River Sunaga basin
for at least 10 years. Onciiocerciasis was dingnosed by
demonstration of mlin skin suips [8] and/or onchocer-
cal antigen in the urine {6].
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Ina lypic.ll killingﬂsmy[2] 50-75 ml were incubated
per well in flat-bottom microtitre plates (Nunc, Ros-
kilde, Denmark) with 1x10% leucocytes in 0.2 ml
RPMI, containing 2% L-glutamine, 12 ma HHEPES (pll

7.4, 10% newborn call serum {Sigma. St Louis, MO),
25% vol/volfreshly prepared normal human serum, 100
tU/ml penicillin, 100 pig/ml streptomycin and 1 pg/ml
monoclonal antibody. ine incubation mixtire was
maintained at 37°C in a humid and COs-enriched
atmosphere prepared by burning a candle in a desic-
catoressentially as deseribed by Trager [0 Attheend of
the incubation, the mf were examined and aii those
bearing more than 10 cells were counted ac showing
adherence. Stretched and immotile mf were considered
dead. Western blotting was done as desciibed in the
Biorad brochure except that the revelation was done by
the peroxidase anti-peroxidase method (PAP) as pre-
viously described [10).

RESULTS AND DISCUSSION

After 16-20 h of incubation, the reaction mix-
tures were observed directly under a Wilowert
inverted microscope at a magnification of x 400.
Intense reactions of the leucocytes on mf could be
observed (I¥ig. 1). In the presence of a cocl..ail of
monnclonal antibodics, designated MOV 1V

(comprising MOV 25, 29, 30 and 32), up o 74"
of the mf could be seen with 10 or more cells
adhering to them. Some of the mf were covered
with large clusters of cells, while others were
stretched, sluggish or immobilized by the ad-
herent cells. The degree of cellular adherence
observed in control reactions with monoclonal
antibodies MOV 1 or normal mouse serum
(NMS) were significantly lower (Fig. 2). Other
monoclonal antibody cocktails, MOV GI (MOV
13, 14, 15), MOV GII (MCV 16, 17, 18, 19) and
MOV Gl (MOV 20, 21, 22, 23, dirccted respec-
tively against L3, mf, and a fusion protein P67
(unpublished results), were equally inactive in the
assay.

After 36-40 h of incubation up to 54% of the
mfwere killed by the leucocytes in the presence of
MOV GIV. The attacking cells remained clus-
tered on the dead and degencrating mf, The
degrec of killing in the contra! experiments with
MOV 1| or NMS remained signiticantly lower
(P <0.05) ranging from 0 to 4.5% (Fig. 2). These
obscrvations indicated that the cellular killing
reactions were specific and required he presence
of MOV GIV. Experiments with the components
of MOV GIV applied individually in the incuba-
tion medium revealed MOV 32 (1gGay) to be most
active in killing, with minimal killing activity
displayed by MOV 25, 29 and 30. All MOV GIV
components were active in promoting cytoadher-
ence o the mf (Fig. 3). 1t =hould be pointed out
that both the cytoadherence and killing reactions
were complex, varying in cfficiency as a function
of the incubation time and individual paticnts.
However, the trends described above were seen
reproducibly.

Previous studies had shown that complement is
important for cytoadherence to mf [, 2]. We
confirmed this by the observation of a 3 8-fold
reduction in cytoadherence and about a twofold
decreasce in killing activity when Leat-inactivated
serum replaced fresh serum (Fig. 3). In Western
blotting experiments, the target antigens dis-
played components of 10.5, 18, 23.5 and 27 kDa
(IFig. 4) with the last antigen recognized by all of
the MOV GIV compounents. Immunoperoxidase
staining of cryosections [6] indicated that the
larget antigens of MOV GIV were located mainly
in the basal and cortical layers of the cuticle, with
some found in the hypodermis as well (results not
shown).

Cellular adherence [1, 2, 11-13] or killing [1,2]
of 0. voleulus and Brugia malayi 12, 13] worm
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Cellular adherence and killing of
Onchocerca volvulus microfilariae
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F16. 2. Cellular adherence and killing of O. volvulus microfilariae. O, Cytoadherence of
> 10 cclls; @, dead mf (stretched and immotile); MOV, monoclonal antibodies raised
to cuticular antigens of O. volvulus females; NMS, normal mouse serum.
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Effect of complement on cellular adherence
and killing of Onchocerca volvulus microfilariae
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Fi1G. 3. Effect of complement on cellulur adherence and killing of 0. volrudus microlilariae.
0, Cytoadherence uf > 10 cells (40-44 h); ®, dcad mf (40-44 h); MOV, monoclonal
antibodies to cuticular antigens of O. volvulus females; Cuaip., complement.

stages by immunec cells have been demonstrated
previously in the presence of polyclonal antibody
[1. 2. 11, 13} and monoclonal antibodies [12] but
the antigens involved in these reactions were not
identified. This investigation identifics some of
the onchocercal antigens that mediat? mf clear-
ance by immune cells. Earlier we had postulated
that cuticular antigens would play an important
role in host-parasite intcractions [8]. Further
experiments to determine the protective role of
the identified antigens arc required.
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Identification of different radiolabelled antigens of
the developmental stages of Onchocerca volvulis

Vincent P.K. Titanji, Wilfred F. Mbacham and Amos Sakwe

The Biotechnology Centre, and The Faculty of Science, University of Yaoundé, Yaounds, Cameroon

By using radioiodination methods which are thought to label preferentially the surface followed by SDS-
PAGE and autoradiography, components of different developmental stages of O. volvulus have been
identificd. Between 2 and 10 polypeptide antigens were revealed on infective larvac (L3), females, malcs,
cggs, nodular and skin microfilariae by using immunoblotting assays with human onchocerciasis sera.
Antigen recognition did not vary with the density of skin microfilariac in the patients from whom the
sera were obtained. Some of the antigens seemed to be stage specific; for example, antigens of 31 kDa
which were detected only on skin microfilariac, or the 67.5 and 25 kDa components that occurred on the
adult females, but were absent from adult males. Some of these antigens were also identificd as glycopro-
teins. A 68 kDa glycoprotein was found in adult females, males and nodular microfilarine. Two glycopro-
teins of 74 and 45 kDa were found on egg shells, and a 18.5 kDa glycoprotein was recovered from L3.
Type VI collagen was found with a specific antiserum on skin microfilariac, but not on cggs and females.
Laminin was found on nodular mf. It is concluded that the changing antigenic profiles of the worm stages
and the coating of these worms with connective tissue epitopes contribute (o the evasion of host immunity,

Key words: Onchocerca volvulus: Onchocerciasis; Iodination; Antigens

Introduction .

The nematode Onchocerca volvuius, which causes blindness, affects at least 17 million
people worldwide (WHO, 1987a). It is thus considered to be an important public
health hazard in the countries of Africa and Latin America where it is endemic. It
causes not only significant morbidity among the affected populations, but also has
detrimental effects on agricultural production, because farmers are forced to migrate
from high-transmission areas (WHO, 1987b).

Current efforts aimed at developing accurate diagnostic methods, new drugs and
vaccines for onchocerciasis have been complicated by the multiplicity of worm stages
that are generated in the human host once infestation has been initiated by blackflies
of the genus Simulium. Third an? fourth stage larvae (L,, L,), adults, microfilariac
(mf) and eggshell components may be present, and all these stages may have distinct
biochemical and immunological properties. By analogy with other parasitic infections
(Cohen, 1982), such variations of the worm’s antigenic profile may have far reaching
implications for worm survival in the host. As yet, however, this has been inade-
quately investigated in O. volvulus (Titanji and Mbacham, 1988).

Correspondence address: V.P.K. Titanji, The Faculty of Science, BP 812 University of Yaoundé, Yaounde,
Cameroon,
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As the first parasite tissue which comes into direct contact with the host's immune
system and the parasite, the cuticle is likely to be an important site for host-parasite
interaction (Maizels et al., 1982). Therefore considerable research effort has been
devoted to the characterisation of the surface antigens of O. volvulus. Using the
Bolton-Hunter reagent as a catalyst, Philipp et al. (1984) found no difference between
adult male and female O. volvulus, botl of which contained a 20 kDa diagnostic
antigen. Subsequently Taylor et al. (1986), studying the surface of adults, cggs, mf
and L of O. volvulus, confirmed the {indings of Philipp et al. with respect to adult
worms. Furthermore they suggested that skin and nodulur mf were non-reactive with
hyperimmune sera tested, and exhibited no surface sugars tha. could be identified by
lectin binding methods. These studies also revealed the presence of 7 polypeptides
on Lj’s, but no information was given on their antigenic nature. Since then we have
reported on the presence of exposed sugars on all of the five developmental stages
of O. volvulus that were recovered from human tissues and Simulium flies, suggesting
that these vary from stage to stage. Their possible antigenic nature remained. how-
ever, to be determined (Titanji et al., 1987).

The aims of ihe present investigation were: (a) to identify antigens which arc
accessible to so-called surface iodination in those O. volvulus stages that previously
have not been extensively studied i.e. L,'s, eggs, nodular and skin mf: (b) to determine
whether the recognition of these components by patient immune sera depends on the
skin mf density at the time when the sera are collected; (c) to further characterise
these antigens biochemically. '

Materials and Methods
Reagents

Carrier-free '2°I was purchased from Amersham International Ltd., U.K., and lodo-
gen (i.e. 1,3,4,6-tetrachloro-3a, 6a-diphenylglucoluril) from Sigma. Collagenase from
Clostridium histolytica, ar.d lactoperoxidase, were products of Bochringer, Marn-
heim, F.R.G. Pansorbin was from Calbiochem. Culture media, RPMI-1640 with or
without Hepes buffer were obtained from Gibco, U.K. Antibodies to the human
connective tissue conponents, collagen types IV and VI, lnminin, and undulin were
bought from Heyle, F.R.G. Lentil-lectin sepharose-4B was from Pharmacia. All
other reagents were of the highest purity ohtainable from Sigma, Merck and Serva
companies,

Parasites

All parasite isolations were carried out at 25-28°C under sterile conditions. Adult
O. volvulus males and females were isolated from: onchocercomata as described pre-
viously (Engelbrecht and Schulz-Key, 1984). Microfilariac released from minced nod-
ules or from skin snips were purified through Percoll gradients according to the
method of Chandrashekar et al. (1986), with modifications (Titanji et al., 1987).
Infective larvac (L,’s) were dissected out of the heads of blackflies, obtained while
feeding on volunteer fly-catchers on the banks of the River Mungo in Cameroon.
All isolated parasite stages were shown by microscopic examination to be free of
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contamination by host tissue. Isolated rarasites were maintained for 24-48 h at room
temperature in RPMI-1640 containing 0.16 mg-ml~! gentamycin and 10% normal
human serum or fetal calf serum. Parasite viability exceeded 90% as judged by
motility, observed under the microscope (mf and L,), or by eye (adult worms). Before
use in labelling experiments the parasites were washed with 3 changes of phosphate
bufered saline (PBS, pH 7.2 containing 8.18 g NaCl, 1.15 g NaHPO,.2H,0 and 0.2
g KH,PO, per litre).

Onchocerciasis sera from patients

Sera were isolated from the blood of subjects examined in Batchenga, a village hyper-
endemic for onchocerciasis, which nas been described previously (Titanji et al., 1985).
After examination, two snips were taken from the iliac crest of each patient using a
scleral punch and deposited in prelabelled microtit-= wells, containing 0.15 ml RPMI-
1640 with 0.16 mg'ml~! gentamycin. The snips were then incubated for 24 h in §
mg-ml ™! collagenase dissolved in PBS. The total number of mf obtained from each
snip was determined after microscopic examination. On the basis of the results
obtained, the 74 patients examined were classified into 4 groups as follows: groups
I.(0 mf), IT (1-10 mf), IIT (11-50 mf) and IV (more than 50 mr). There were 11, 13,
20 and 30 subjects in groups I-1V, respectively. For some analyses all scra of one
group were pooled. '

Rabbit antisera to components of female O. volvulus

The antigens were obtained by incubating intact living females in 10 mM Tris-HCI,
pH 8, containing 1% sodiuz.deoxycholate and 1 :M freshly prepared phenylmethyl-
sulfonyl fluoride: 0.5 m! buffer was used per worm and incubation was carried out
with gentle rocking at 4°C for 3 h. The pooled extracts “vere dialysed against the
extraction buffer and then purified by affinity chromatography on Sepharose-4B
columns containing ilnmobilised human antibodies to O. volvulus. Each column con-
tained a 0-50% (NH,),SO, fraction of pooled sera (from one of the patient groups
[-1V) covalently linked with CNBr-activated sepharose (Marcoulis et al., 1978;
Mbacham and Titanji, 1987). The antigens eluted with 8 M urea were dialysed against
PBS, lyophilised and reconstituted in 2 ml of distilled water.

100 pg antigen emulsified with an equal volume of Freund’s Complete Adjuvant
was injected intramuscularly in two New Zealand white rabbits. Booster injections
of 50 pg antigen emulsified in Freund’s Incomplete Adjuvant were given together
with another 50 pg non-emulsified antigens, 14 days after the first injection and
subsequently weekly for a total of 4 weeks. The rabbits were bled 7 days after the
last injection to obtain sera. The presence of antibcdies to O. volvulus was confirmed
by immunofluorescence and immunoelectronmicroscopical tests (see below).

Radioiodination of O. volvulus worm stages

Viable parasites were labelled with carrier-free '2°1 essentially according to the
method of Baschong and Rudin (1982) and Marshall and Howells (1985). Todogen
solution at 0.2 mg:ml~! in chloroform was dispensed in 0.2 ml aliquots into 5 ml
conical glass tubes and evaporated in the dark at 22-25°C under a fume-hood. The
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iodogen-coated tubes were then kept over silica gel in a vaccuum desiccator until
used.

For radioiodination, the coaicd tubes were rinsed once with 1 ml PBS. Parasites
at different stages were then added to separate reaction iubes, suspended in PBS.
Several parasite stages could be labelled simultaneously. The number of parasites
per tabe was as follows: | adult female; 4-5 adult males; {5-100)10* mf or cggs and
about 700 L. The tubes were'placed on ice and 0.5-2 mCi (5-10 pl) 25T was then
added. The tubes were incubated with gentle intermittent swirling for 10 min and
the reaction stopped by transferring the parasites to fresh tubes with a pair of forceps
(for adults), or by addition of cold PBS followed by centrifugation at 2000 rpm for
10 min and resuspension in PBS (for mf and L,’s). The labelled parasites were further
washed by changing the PBS three times, and then checked for viability, which turned
out to be 100% for adults and more than 90% for L, and mf.

Lactoperoxidase labelling of adult female worms was done as described previously
(Titanji and Ngu, 1986).

Solubilisation of radioactively labelled components

Radiolabelled components were solubilised by iricubating the worms at 4°C for | h
in 0.5-1 ml 10 mM Tris-HCI, pH 8, containing 1% (v/v) detergent (sodium deoxycho-
late, Triton-X100, Nonidet NP40 or Tween 20) and the following proteolytic inhibi-
tors: leupeptin (5 pg/ml), pepstatin (5 pg/ml), N-o-p-tosyl-L-lysine chloromethyl
ketone (TLCK) (25 pg/ml) and 1 mM phenylmethylsulfonyl fluoride (PMSF).

Aliquots (50 pl) of the solubilised extracts were used for protein assays (Read and
Northcote, 1981). Serum albumin (5 ulj was added as a carrier protein. The sodium
deoxycholate extracts were further chromatogravhed on Sephadex-G25 (PD10 col-
umns, Pharmacia) equilibrated and eluted with 10 mM Tris-HCI, pH 8.0, with 0.1%
(w/v) sodium deoxycholate. Fractions of | ml were coilected at a flow rate of 30
mlh™! and assayed for radioauiivity in a Beckman G4000 Gamma Counter. The
radioactive peaks eluted with the void volume from each of the PD-10 columns were
pooled and stored for at most 1 month in aliquots of 0.2 ml at —20°C. They were
subsequently thawed once and analysed for the presence of antigens.

Trichloroacetic acid (TCA) precipitable proteins were determined by adding 50 pl
of the desalted extracts to 1 ml 20% (w/v) 1A, and centrifuging the mixture at
2000 rpm for 10 min after incubation on ice for 20 min. The supernatant was
discarded and the radioactivity of the pellets determined as described above. For
better precipitation of the proteins, 100 pl normal rabbit serum was added to the
extract prior to TCA.

Immunoprecipitations

Fivzen antigens were thawed and cleared by mixing them with an equal volume of
normal European secum (from Sweden) and then adding 25% of its volume of 10%
(w/v) washed Pansorbin (Calbiochem). After incubating the mixture at 4°C for | h
it was centrifuged at 2500 x g for 20 min at 4°C in order to remove the precipitate
formed. Tl fina! supernatant obtained was used in the immunoprecipitation reac-
tiows according to the method of Kessler (1975) with modifications (Titanji and Ngu,
1986).
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In a typ.cal reaction 100 ul of a four-fold diluted test or control serum was
incubated with 100 pl of radioindinated surface extract in a buffer containing 50 mM
Tris-HCI, pH 7.4, 150 mM NaCl, 5 mM ethylenediaminetetraacetic acid (EDTA),
and 0.02% (w/v) NaN; overnight (12-14 h) at 4°C. Pansorbin was subsequently
added, and immune complexes isolated and analysed by SDS-PAGE aad autoradi-

ography.
Affinity chromatography

Immunosorbent chromatography of solubilised radiolabelled antigens was done
using 2 ml of anti-O. volvulus (Ig)-Sepharose-4B packed in Pasteur pipettes as de-
scribed elsewhere (Mbacham and Titanji, 1987; see also above). The antibodies were
obtained by isolating the 0-50% (NH,),SO, fractions from patient groups I-1V and
normal European sera. The antigens eluted with 8 M urea were analysed by SDS-
PAGE and autoradiography under reducing conditions (Laemmli, 1970).

Glycoproteins were isolated from the radioiodinated extracts on columns of lentil-
lectin Sepharose-4B (I ml, packed into Pasteur pipettes). The ccnditions for the
experiments were as recommended by the manufacturers. After eluting the glycopro-
teins with 0.2 M a-D-mannose, they were further purified on the immunusorbent
columns and analysed as described above.

Indirect Immunofluorescent Antibody Test (iFAT)

Skin or nodular mf or eggs (100-300), were dispersed into Eppendorf tubes and
washed thrice by centrifugation at 2000 rpm for 10 min in PBS. Test sera at Various
dilutions 1:1, 1:10, 1:25, 1:50 were added to a final volume of 0.2 ml, and the
suspension incubated at 25-28°C for i h. The reactions were stopped by washing
the parasites thrice in PBS. Thereafter a fluorescein-labelled second antibody (rabbit
anti-human IgA, IgM & IgG) was added to the washed parasites which were further
incubated and washed as above. The final pellets were taken up in 25 pl “uffered
glycerol, mounted on a slide and observed under a Nachet fluorescence microscope
at 100 x magnification. For Ly’s the incubations and washes took place in 0.1 ml
PBS on a microscope slide (Titanji et al., 1987).

Immunoelectronmicroscopy

The immunocytochemical experiments were done on ultrathin sections from worm
material processed and embedded in Lowicryl K4M according to standard proce-
dures (Kiefer et al., 1986).

SDS-PAGE

Sodium dodccyl sulfate polyacrylamide gel electrophoresis was performed under
reducing conditions in gel slabs using the buffer system described by Laemmli (1970).
The gels were dried and autoradiography was carried out at —70°C for 1-3 weeks
using AGFA Safety Curix RPI films, Protein determinaiion was carried out accord-
ing to the method of Read and Northcote (1981) with bovine serum albumin as a
standard.
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Results
Conditions for the identification of radiolabelled antigens

In preliminary experiments it was observed that iodogen catalysed thc radioiodin-
ation of more antigenic components on female worms than did lactoperoxidase
(Fig. 1). Neither of the catalysts killed the worms, as evidenced by micro- and macro-
scopic movements which persisted after radioiodination of the worm stages. There
was no qualitative difference in the SDS-PAGE patterns of antigens solubilised by
1% (w/v) Tween-20, Triton-X-100, Nonidet NP40 or sodium deoxycholate (NaDoc).
However, different yields of proteins were obtained with cach detergent (Table 1).
NaDoc was chosen for further work because it is dialysable and provided the best
compromise between thic quantity of total radioactivity eluted and the % TCA
precipitable radioactivity (Table 1). None of thc aforementioned detergents com-
pletely dissolved the cuticle, but incubation in 65 mM Tris-HCI, pH 6.8, 3% SDS,
5% 2-mercaptoethanol (ME) at 37°C for 1 h solubilized the cuticle.

Fig. 2 shows the results of the immunoprecipitation experiments with female radio-
labelled antigens using different human immune sera and staphylococcal protein-A
as the immunoadsorbent. Less than 7% of the radioactively labelled material could
be precipitated. The concentration of the precipitated radioactively labelled proteins
rose with the load of skin mf up to an intermediary load of 11-50 mf per :nip and
seemed to fall thereafter. The results suggest that the concentration of antibodies
directed against the labelled solubilized proteins were essentially of the same order
of magnitude in different sera. This method gave identical antigen patterns on SDS-

Fig. 1. Autoradiograph of radioiodinated polypeptides extracted from female O. voh iins. Worms labelled
with lactoperoxidase (L) or lodogen (I) were solubilised and the extracts analyse!! by SDS-PAGE.
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TABLE 1

Efficiency of different detergents to solubilize radiolabelled components of O. volvulus female worms

Parameter Solubilising agents
PBS NaDoc. TX-100 NP40 Tween 20 BME
% radioactivity ND 50 59 ND 29 90
solubilised
% TCA precipitable 23 70 54 52 97 ND
protein .

(NaDoc=sodium deoxycholate; TX =Triton X-100; NP 40, Nonidet P40; T20 = Twcen 20; PBS = phos-
phate-buffered saline).

7.01
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Fig. 2. Immunoprecipitation of radiolabelled female O. volvulus extracts with human sera. The immune

complexes were isolated with staphyloccocal protein A, washed and counted in 2 gamma counter. % cpm

bound =cpm in the immune precipitate divided by the total TCA precipitable counts added to the reac-

tion x 100. Roman numerals refer to the different groups of patients with different numbers of mf per
skin snip: 1=0 mf; I1=1-10 mf; 1= 11-50 mf: IV = over 50 mf,

PAGE when compared with eluates from immunosorbent columns containing human
antibodies to 0. volvulus, indicating that antibody isotype was not crucial for the
identification of these antigens.

Comparison of the radiolabelled polypeptides and antigens of the O. volvulus
developmental stages

[
i

The specific radioactivity of solubilized, TCA precipitable material varied between
the different developmental stages, being lowest in L3 and highest in females (Table
2). When the labelled and extracted polypeptides and immunoprecipitated antigens
were analysed under reducing conditions by SDS-PAGE and autoradiography dis-
tinct patterns were obtained for each of the worm stages studied (Table 3). Since it
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TABLE 2
" Comparison of the specific activity of the radioiodinated proteins in the extracts of different O. valvulus
stages
0. volvulus % TCA precipitable Protein solubilised Specific radioactivity
stage protein (mean+S.D.) per worm (cpmrmg ™! x 10%)
Adult female 70.046.5 385 mg/worm 33.08
Adult male 72.64+5.7 ND ND .
Eggs 60.8+3.5 106 ng/egg 12.76
Nodular mf 52.6+4.0 2.75 ng/mf 7.88
Skin mf 88.64+2.8 8.47 ng/mf 5.96
Infective larvae (L,) 58.3+24 582 ng/L, 2.16
TABLE 3
Radioactively labelled polypeptides of O. volvulus worm stages
No. kDa (+SD) Female Male Eggs Nmf Smf L,
] 159.5+0.3 +| - - - - -
2 148.040.3 - - - - +] -
3 130.0+0.2 - - - - - +
4 114.04+0.2 + - - - - -
5 99.040.5 + - ~ - - -
6 82.0+1.0 - - + - + -
7 74.041.0 - - +1 + +] -
8 68.0+0.3 - +1 - +] + +
9 67.540.7 +1] - - - - -
10 .35.0£0.2 - - + +1 - -
1 51.0+0.1 - - + - +] +
12 45.04-0.3 +] - +| - + -
13 430+1.0 - - - - +] -
14 37.5+1.0 - +| - - - -
15 34.0+0.6 + +] +] +] +] +
16 31.0£0.6 + - + - +1 -
17 260+1.0 - - + ] +] +] +
18 25.0+0.1 +] - - - - -
19 20.0+0.3 - - +] + - -
20 19.0+1.0 +| +] - - +] -
21 18.5+0.4 - - - - - +1
22 17.540.8 - - - +] + -
23 14.040.5 + + +| +] +] +1

Arrows indicate polypeptides which could be immunoprecipitated by u<' g hyper-immune scra pools.

was technically not feasible to study all worm stages simultaneously, each stage was
studied on a separate occasion, and comparative gels bearing several stages at once
were subsequently run to confirm the data (not shown).

The highest number of labelled polypeptides were found in adult females and cggs,
which each showed 10 components, and skin mf with 11. Extracts from nodulrr mf
and L; revealed 8 and 7 polypeptides, whereas extracts of adult male worms con-
tained at least 5 distinct polypeptides. Table 3 summarizes the cuiculated molecular
sizes of the polypeptides detected, which were vsually observed in all isolates from
a particular stage. It should be pointed out that scveral polypeptides not reported in
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the table appeared in some, but not all adult worm isolates. Thus in three separate
isolates of adult male worms polypeptides with apparent molecular weights of 93,
76.6 and 53.4 kDa were identified. Similarly, components with apparent molecular
weights of 303, 167.4 and 136 kDa appcared occasionally in some preparations from
female worms. These variable components may have been host-tissue components
or variants between different worm strains. It is significant that none of them could
be precipitated by hyper-immune sera from patients (Table 3).

In order to identify the polypeptides which were antigenic, the extracts of the
worms were reacted with hyper-immune serum pools from patients grouped accord-
ing to their skin mf densities (Fig. 2). The inunune complexes formed were isolated
and analysed by SDS-PAGE and autoradiography. Table 3 shows that many of the
radiolabelled polypeptides were immunoprecipitated by the human sera. Ten out of
I3 polypeptides were immunoprecipitated in extracts of skin microfilariae. Only 2
polypeptides out of seven could be immunoprecipitated from the extract of infective
larvae (L,). 4--6 antigens were immunoprecipitated in extracts from females, males,
eggs and nodular mf. Some of the antigens occurred only in one stage, indicating
stage specificity; for example, the 82, 51, and 31 kDa components in skin mf. On the
other hand, two antigens (67.5 and 25 kDa), present in adult females, wore apparently
absent from adult male worms, which suggests the presence of sex-specific antigens
in O. volvulus worm stages.

1 2 3 4 5 6

Fig. 3. Glycoprotcin antigens of O. volvulus isolated by sequential affinity chromatography on lentil-lectin
and immunosorbent columns and then analysed by SDS-PAGE and autoradiography. Arrows show the
positions of molecular weight markers. Following worm stages were studied: infective larvae (1) females
(2), males (3), eggs (4), nodular microfilariac (5). Lane 6 is a control lane containing eluates of radioiodin-
ated surface extracts purified through unsubstituted Sepharose-4B columns. About 4000-8000 cpm of
labelled protein were appliea w each lane. Dried gels were autoradiographed for 21-24 days.
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Since similarity in the molecular size of polypeptides does not uccessarily imply
immunological identity, experiments were conducted to determine th 2xtent of cross-
reactivity between the adult female proteins and those of males and mf. For these
experiments female worm components that are immunogenic in man were isolated
by immunosorbent chromatography and then uscd to raise antibodies in rabbits. The
rabbit antibody (anti-FSP) showed in immunocytochemical analysis a reactivity
towards cuticular cpitopes (Fig. 5). When the anti-FSP was allowed to react with
radioiodinated extracts of female worms and nodular mf, an ideuii:al pattern of
precipitated proteins was obtained. However, the anti-FSP cross-reacted with only
one 67-68 kDa maie antigen (data not shown). These results were consistent with
the presence of sex-specific antigens in male and female O. volvulus.

Glycoprotein antigens

Radioiodinated worm extrac.s were sequentially purified by affinity chromatography
on lentil-lectin Sepharose-4B, followed by immunosorbent chromatography on a
Sepharose-4B column containing immobilized human antibodies to O. volvulus. The
final cluate obtained from the immunoscrbent columns with urea was analysed by
SDS-PAGE followed by autoradiography. Radiolabelled glycoproteins were .solated
from all stages studied; a 68 kDa glycoprotein antigen was isolaied from female and
male worms as well as nodular mf, two glycoproteins of 74 and 45 kDa were found
in extracts from eggs and one of 18.5 kDa in L, (Fig. 3). Owing to the difficulty of
obtaining enough material, the glycoproteins of skin mf we.: not iivestigated.

Immunofluorescence studies

Indirect fluorescent antibody test (IFAT) was employed to investigate the presence
of antigens that could not be easily identified by the radioiodination method used
above, and to identify human connective tissuc components that may have been
tightly associated wiih the cuticles. Onchocerciasis hyperimmu:c sera contained :ti-
bodies to the worm’s egg-shells (Fig. 4). The antibody titres varied from 1:250 in
group 11 patients to 1:10% in group IV paticnts. No difference was found between
the fluorescence patterns on embryonated and non-ecmbryonated e2gs. Furthermore,
anti-egg shell antibodies appeared in all patient groups, including those without skin
mf. Antibodies to mf were rare among the group of patients tested. Only 2 out of a
total of 74 sera contained antibodies to the cuticles of nodular inf, demonstrable by
the IFAT. One of these paticnts, a 12 year-old boy, had gencralised pruritus, but no
palpable nodules and 14 mf per snip. The other, a 26 year-old man, had a gencralised
skin rash and several palpable nodules. Judging by their clinical presentations, they
were similar to many other patients, and it is not known why they had antibodies to
nodular mf cuticles, whereas the other patients did not.

We were not able to demonstrate any antibodies in paticni’s scra directed against
infective larvae using the IFAT method. However, this was not surprising in view of
the extremely weak reactions observed with Ly components (Table 3).

IFAT was also employed to examine the possible presence of connective tissue
components on the cuticles of selected worm stages. As indicated in Table 4, the
basal layer of adult female cuticles was showing fluorescence with rabbit antibodies
to collagen type 1V, wherecas eggs, nodular and skin mf were unreactive. On the other
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Fig. 4. Indirect fluorescent antibody test with human onchocerciasis serum. A mixture of fluorescent
microfilariae and eggs are secen. A control assay using normal European scrum showed no fluorescence
{data not shown). '

hand, type VI collagen was found on skin mf, was hardly available on nodular mf,
and was absent from cggs and adult females. Laminin was present on both nodular
tissue and purified nodular mf,

Discussion

In this study the patterns of radioactively labelled polypeptide antigens of five distinct
developmental stages of O. volvulus were investigated. The simultaneous identifica-
tion of these components in worm isolates from the same village minimised geogiaph-
ically related differences. The present findings, therefore, confirm and extend earlier
results (Philipp et al., 1984; Forsyth et al., 1984: Cabrera and Parkhouse, 1986;
Titanji et al., 1987). Noteworthy is the first isolation of antigens of Ls-infective
larvae, eggs and skin microfilariac (mf). Although L, polypeptides were described
by Taylor et al. (1986), their antigenic components were not mentioned. In that study
mf scemed to be non-reactive with host antibody, which contrasts with our data.
The reasons for this discrepancy remain to be determined; the possible effects of
parasite strain differences and isolation methods are proposed as possible explana-
tions. The presence of antibodies to the radiolabelled polypeptides in all the sera
studied, regardless of the skin mf density, may be explaine:. if it is assumed that the
patients had already been exposed to all of the worm stages. Since they were all
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Fig. 5~._lmmunoeleclronmicroscopy of the cuticle of adult female O. volvulus labelled with the rabbit anti-
FSP serum (dilution 1:200) (a) Corticol rcgion, e =epicuticle, ¢ = cortical zone, x 22 900. (b) Basal region,
h=hypodermis, b= basal zone, 37 000.

TABLE 4

Reactivity of different antisrra with O. volvulus cuticular structures in the IFAT

Rabtit antiserum O. volvulus stages Nodular
tissre
Adult Nodular Skin Eggs Infective
females mf mf larvae
Anti-collagen IV +* ~ - - - "
Anti-collagen VI - + + - - -
Anti-Laminin - + - - - -

Anti-undulin - - - - - -
Anti-FSP ++ - - - - _
Normal rabbit serum - - - - - —-
PBS control - - - - - -
(reagent blank)

*The basal layer of the cuticle was positive.
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living in Batchenga, which is a hyperendemic, high transmission area (Titar® ¢t o1,
1985), low skin mf density may simply be an indication of light infection.

In agreement with the published data cited above, the number of radioactively
labelled polypeptides detected was rather small. On the basis of the apparent molecu-
lar weights determined from one dimensional SDS-PAGE, 23 radioactively labellcy
polypeptides were found to be distributed among the five develoj...cntal stages
studied, with about 20 of them being reactive with host antibodies. This estimate
may be lower than the true number of polypeptides, because of ‘he limitations of
SDS-PAGE and the fact that size identity is not necessarily concomitant with struc-
tural and/or immunological identity. Noteworthy is the presence of antigens on eggs,
mf and L; that have not been described previously (Taylor et al., 1986). By employing
a specific rabbit antiserum, polypeptides of female and male worms were shown to
be iimmunologically distinct. This distinction is compatible v:ith the existence of sex-
linked differerces, which has also been described for Brugia pahangi (Sutanto et al.,
1985). '

Using the Bolton-Hunter reagent to catalyse surface radioiodinatior:, Philipp et
al., (1984) found no differences between male and female adult O. volvulus. The
‘ifference between their result and that described here may be due to the fact that
the Bolton-Hunter reagent is known to catalyse the labelling of internal as well as
curface structures, whereas iodogen is believed to catalyse preferentially the labelling
o: surface structures (Baschong and Rudin, 1982; Marshall and Howells, 1985).
Further experiments are in progress to study the localization ¢. :he iodinated preteins
and verify whether they are surface specific.

Previous studies from this and other laboratories have ideuiified exposed sugars
on various stages of O. volvulus (Taylor et al., 1986; Titanji et al., 1987). Howev.r,
the possible association of these sugars with antigenic ;olypeptides had not been
determined. The successful isolation of radiolabelled polypeptides from different
worm stages by sequential affinity chromatography indicates that some of the glyco-
proteins are located close to the surface. The IFAT also revealed the presence of
connective tissue components, collagen type IV and laminin on some O. volvulus
stages. This was in agreement with earlier studies (Titanji et al., 1988). The presence
of type VI collagens on skin mf is report. 1 for the first time. The association of
connective tissus components with various worm surfaces is not likely to have been
fortuitous, in view of the rigorous parasite isolation and purification procedures
utilized. Since parasiles coated with host antigen would not be recognised by the
host as being foreign (Cohen, 1982), this may be also part of a mechanism that
enables the parasite to evade human immune responses. Since some of the proper*’zs
of cuticular and vertebrate collagens are shared (Titanji et al., 1988), this could also
be a mechanism of immune evasion. Petralanda et al., (1988) proposed in fact the
involvement of cuticular collagens in autoimmune complications 6. onchocerciasis.

Ottessen (1984) identified immunosuppression as the main immune evasion mecha-
nism in onchocerciasis. The results here suggest that other mechanisms also exist;
antigenic variation among worm stages, coating of the parasite with host-like auii-
gens, and the low reactivity of surface components with host antibodies. The detec-
tion of type VI collagen epitopes on the surface of skin mf is particulai., signilicant
as a potential protective coat, since this parasite stage survives for a iung time in the
skin of immunocon:petent individuals and is the cause of skin disease ass. <iated with
onchocerciasis. The identification of 10 polypept:les of skin mf after iodogen-caa-
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lysed radioiodination showed that some components of mf arc accessibic to the
reagent, though they may not necessarily be on the surface. It is possible that this
catalyst labelled sub-surface componer.; of the skin mf as well (Baschong and Rudin,
1982).

The stage-specific antigens described here arc candidates for use in the differential
diagnosis of microfilaracmia and adult worm infections, with potential applications
in clinical trials of drugs active against the different parasite stages. The af. »earance
of anti-cgg shell antibodics in snip-negative patients could be used for detection of
light infections if these antigens turn out to be O. volvulus specific. In conclusion it
seems that the human host mouats a humoral immune response to a limited number
of cuticular components, and this :::ay play a role in the survival of the parasite and
the pathogenesis of onchocerciasis, and may be of use in the diagnosis of infection
in the human host.
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Introduction

As a leading cause of blindness and veino a debilitating di-ease, onchocerciasis continues to be an
aggravating factor of socio-ecc~omic b¢ vardness among its 17 million victims resident in the
endemic, tropical countries of Afri~~ Central America and the Yemen (WHQO, 1984). In Cameroon alone,
10% or 1.2 million of the ponulation are affected. Accurate diagnosis of the disease is required 1o
monitor the efficacy of vector control measures, mass chemotherapy with iverrnectin 2and fundamental
researc,, aimed at developing new drugs.

The demonstration of microfilariae (mf) of O. volvulus in skin biopsies, though a definitive method of
diagnosis is insensitive, subject to sampling errors and prone to yield false results in prenatent and/or
occult infections. Consequently, considerable efforts have been made towards developing more
sensitive immunologic methods for the deteclion of specific anti-parasite antibodies and/or parasite
antigens in patients’ body fluid (WHO, 19R4; Des Moutis et ai. 1983; Schlie-Guzman & Rivas-Alcala
1989, Lobos et al. 1991). The aim of this investigation was to test the efficacies respectively of a
monocional antibody iarget to a cuticular antige.. and an antigen isolated from the same source as
diagnostic tools.

Viaterlals and Metnods

Parasites and Patients. The methods for the isolation of O. volvulus adult worms, the extraction of
antigens, the preparation of polyclonal antibodies to Fraction 5 (F5) and the classification of patients
have been described previously (Titanji et al. 1990).

Monoclonal Antibodiss were raised 1o cuticular extracts of 0. volvu/us adult worms according to a
modification of the method of Holmdahl et al. 1985, ana selecied by eliminating all clones that reacted
with Ascaris lumbricoides, Loa loa, and cryoculs ¢. human skin and onchocercal nodular tissues in
indirect fluorescent antibody tests (IFAT). One of the monoclonal antibodies designated MOV1 turned
out to be Onchocerca specific and was re*ained for use in -urther experiments.

Defined Polypeptide Antigens. A polypeptide rabbit antiserum to antigen F5 extracted from O. volvulus
(Titanji et al. 1990) was used to screen a cDNA expression library (Donelson et al. 1988) essentially
according to the method of Fuyhn et al. (1986). One of the clones isolated, expressed a polypeptide of
apparent molecular weight of 67,000. Since preliminary Western blotting experiments with total worm
extracts had shown frequent recognition of a 67000 antigen by a panel of hyperimmune onchocerciasis
sera, the positive clone was retained for further study. Lysogens were pre...ed from the recombinant
clone and the corresponding antigen isolated after sepa-~‘ion by SDS-PAGE and identification by
Western blotting. Bands corresponding to the immunostained P67 antigen were cut out of the
nitrocellulose sheets, homogenised and emulsified in a 1:1 mixture of Freund'~ Complete Adjuvant.
The mixture was then injected into rabbits to produce an antiserum to ®67. This antiserum was used
subsequently to construct an affinity column (Mbacham & Titanji 1508) that was used to isolate the
parent proteins from total worm extracts. Herein, P67 will refer to the native antigen from worms and
rpg7 to the recomb.:iant proteins from E. coli.

Detection of Specific Antibodies to O. volvulus. Enzyme linker! immunosorbent assays (ELISA) for the
detection of specific antibodies were performed essentially as descried by Holmdah! et al. 1985 except
that polyvinyl microtiter plates were precoated either with P67or rp67 at 0.1 ug/ml. The bound human
antibodies were detected with {.. .:elp of an anti-human globulin/peroxidase conjugate.

Results and Discussion

Detection of antibodies to O. volvulus. In order v «est i P67 was suitable for the diagnosis of exposure
to O. volvuius infection, we carried out a rirect ELISA for IgG4. Figure 1a shows that all subjects from
the hyperenderic village had develoy: ... high levels of IgG4 antibodies to P67. By contrast, the serum
concentrations of these antibodies were at least one uider of magnitude lower than control subjects
from the hypoendemic area of Yaounde. Of particular interest were the high serum antibody
concentration detected - the sera of subjects whose skin siips were negative for mf. Such subjects
with no skin mf, but who have developed specific ai...... .ies to P67 are likel to be exposed or may
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have contained their infection. P67 may be a likely candidate antigen for the detection of prepatent
onchocerciasis.

in urder to produce substantial quantities of P67, recombinant DNA techniques were used. A clore
producing a recombinant prolein detected by antibodies to P67 was isolated from a cDNA library and
partially purified and designaled rp67 (see Malterials and Methods). Figure 1b shows that rp67
recognised IgG4 antibodies in the same group of patients as well. However, it was less specific than
P67 in that the native antigen preparation, reacted with both endemic and control sera.

To study the difterences in the specificity of P67 and rp67, both preparations were analyzed by
immunoblotting using immune sera. Figure 2a shows immunoblots of affinity-purified P67. The nalive
P67 antigen isolated from adult worms was heterogeneous, containir.g at least 5 distinct polypeptides
with apparent Mr of 67, 85, 108, 154 and 203 KD. The gel patterns obtained with partially purified rp67
are shown on Fig.2b. The proteins expressed in E. coli were of relatively lower molecular weights: 30,
37, 46, 57, 84 and 87 KD.

These proteins also reacted with antisera to cuticular fractions, indicating their histologic origin in the
worms. The heterogeneily of the P67 and rp67 preparation suggested that these proteins are rather
unstable. Immunoblotting experiments (not illustrated) indicate the presence of P67 related
components in other worm stages, viz adult males, nodular mf and eggs of O. volvulus. It would thus
appear that P67 Is a dominant onchocercal antigen, represented in a wide range of polypeptides with
distinct reactivities (Fig.2b); the low molecular weight range being less specific.

Immunodiagnosis of Active Onchocerciasis. Generally, it is accepted that the detection of parasite
products in body fluids is a more reliable inziex of aclive infection than the assay of specific antibodies.
An alternative approach in our laboratory has been to develop a test for O. volvulus antigens in urine.
Figure 3 summarises the resuts obtained using our developed sandwich ELISA. Onchocerciasis
patients from hyperendemic villages had higher ELISA scores for antigenuria, than normal control
subjects from Yaounde. The assay detected al least 80ng ci crude antigen per test and required only
1ml of urine. With a cut-off point for negative results set at mean +2 standard devialions cf the control
scores, the test had a sensilivily of 98%, which compares favourably with previously reported values of
76% -86% (Des Moultis et al. 1983, Schlie-Guzman & Rivas-Alcala 1989).

Conclusicns

This study presents two approaches for the immunodiagnosis of onchocerciasis, namely antibody and
antigen detection. Both methods were highly sensitive. More work is needed on their specificities.
Urine antigen detection is probably a more reliable method; its predictive value in prepatent cases merits
further investigation. P67 and related proteins are widely recognized by.onchocerciasis patients and
may be imporiant in pathogenesis of the disease. Its role too deserves further invesligalion.
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Igca Responses in Defined Clinical Groups of Onchocerciasis latients
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Fig. 1 The native (P67) - a) and the recombinant (rp67) - b) antigen were usecd
in coating the microfilter plates. NOS I, Omf; 10S 1X, 1-10mf; NOS IIT,
11-50mf; NOS 1V, SOmf/ani;; CHU healthy Controls from the University

Teaching Hospital, Yaounde.
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FIG.2 Immunological Identification of Native (P67) and Recombinant (rp67) antigens of Onchocerca volvul
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Worm extracts from O. volvulus were b) Western blotting with E. coli lysates containing recombinant antigen pb7
separated by SDS-PAGE transferred unto Lanes 1 - Normal Rabbit S, 2 - Rabbit -clone rp67, 3- Rabbit -F5
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Lectin-binding properties of Onchocerca volvulus developmental

stages

TITANJI, VINCENT P.K*' ;: MBACHAM WILFRED, F.' ; ..i\ ROSE .R.G.F.?

Summary :

FITC-lectin binding assays were used to probe the surface st ars of Onchocerca volvulus.
Lg-infective larvae bound Con A, DBA and LCH, but not PNA, SBA, WGA nor UEA. Adult
females had a similar binding specificity as Ly evrept that they bound WGA as well. L CH and
DBA were the only lectins bound by male worms. Nodular microfilariae only bour... . CH and
WGA whereas skin microfilariae bound Con A anu WGA. In addition to LCHand Con A, eggs
bound WGA. Limited proteolytic treatment of the parasites belore lectin binding revealed
newsites for PNA and LCH on nodular and skin microfilariae respectively. Ny binding of UEA
was observed indicating the absence of fucose on the parasites. The results are consistent
with the presence of exposed D(+)-galactosyl, D(+)-mannosyl and N-acetyl galactosamine
residues on O. volvulus. We conclude that O. volvulus displays considerable variations in
surface sugar specificity during its development in man.

Résumé :

La composition en glucides de surface cuticulaire, des différents stades évoluiifs, chez
I'Onchocerca volvulus a été mise en évidence par la technique de fixation des lectines
conjuguées a l'isothiocyanate de fluorescéine. Les résultats montrent 1a préscnce des
résidus D(+)-galactosyl, D(+)-mannosyi et N-acety: gaiaciusamine sur les larves infes-
tantes (L,), les vers adultes (Males et Femelles), les ceufs et les microfilaires isolés des
nodules et de la peau. Toutefois, ia répartition des différents types de glucides n'est pas la
méme d'un stade évolutif & I'autre. Nous pouvons conclure que la composition des gluci-
des de surface de I'Onchocerca volvu.us varie considérablement pendant son cycle évo-
lutif chez I'homme.

KEY WORDS :
Lectins, surface sugars of O. volvulus, L > €9gs, skin and nodular mf, adult worms.
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1. Biochemistry Service, Box 812, Faculty of Science University of Yaoundé, Yaoundé CAMI. NOON.
2. Department of Parasitology, C.U.S.S., Yaounds,
* To whom 8/l carrespondence should be sent

Ann. Univ. Sc. Santé 4 (2), 396-401 (1987)
396



Introduction

Current interest in the study of filarial parasites has fucused on the properties of thfe cuticle
because of its importance in host-parasite interactions (Maizels,et al., 1982). Previous stu-
dies on filarial surface properties we. 2 devoted to the characterization of protein antigens,
presumably because they could be easily detected by immunoradiometric methods. Thus
radioiodinated protein antigens were identified on the surface of Onchocerca volvulus
adult worms (Philipp, et al., 1984) and O. gibsoni microfilariae (Forsytl,, 2tal, 1984 ; Taylor,
et al, 1986).

To date little is known about the surface sugars of O. volvulus, although lectin-binding stu-
dies have been used recentiy to probe for the types v, sugars expressed on 8rugia malayi,
Dirofilaria immitis microfilariae and O. gibso:.i eggs (Forsyth et al,, 1984 ; Devany, 1985)
Co. sidering the antigenic nature of surface saccharides and their potential roles in host-
parasite inter-play (Howells, 1981)we decided to investigate the lectin-binding properties of
the developmental stages of O. volvulus as a first step towards the characterization ¢. the
surface sugars of the parasite.

Materials and methods

Reagents : Proteinase E, Fluorescein-isothiocyanate-labelled lectins (Table 1) and their
inhibitory sugars were purchased from Sigma : collagenase was from Buerhinger. All othe:
reagents were of the highest purity provided by Merck, Serva and Sigma companies. Phos
phate buffer saline (PBS) used below containcd at pH 7.2 : 8gNanl ;0.2 g "'21; 1,15 g Na.+H
PO, 2H,0,;0.2g KH,PO,, 01 g MgCl,. 6H,0 and 0.1¢g CaCl, pe. ..re.

Parasites : All manipulations we. 2 carried out aseptically. Nodules were excised fron
onchocerciasis patients at a dispensary in Batchenga (Came:.un) and transported to the
laboratory in RPMI-1640 culture medium supplemented with 0.03 9t jentamycine. Adult
O. volvulus were then isolated according (o the method of Engelbrecht and Schulz-Key
(1984). Viability was 60-70 % among adult females which could survive for at least 6 days
when maintained in RPMI-1640 containing 0.03 % gentamycine and 10 % normal human
serum at room temperature.

Microfilariae (mf) were isolated froiii nodules according to a modification of the method or
Chandrashekar et al., (1984). Briefly, nodules were minced in 3 volumes of Hanks Balance«
Salt Solution (HBSS] containing 0.03 % gentamycine and incubated at (27-29 °C) overnight
to permit maximum recovery of mf. Tissue clumps were removed and the suspension filterec
through two layers of cheese cloth and then centrifuged at 2000 rpm for 20 min. The pelle
containing mf and blood cells was suspended for 10 min. in 10 ml lysis buffer containing
155 mM NH,Cland 10 mM NaHCO; The suspension was then recentrifuged as above, anu
the final pellet taken up in 3 ml HBSS and the.. loaded on a 30/40 % discontinuous Percol:
gradient made in HESS (without phenc!red). The gradient bottles were then centriguged in
swing out rotor (Scrvall-R Il) at 1500 g for 30 min.

Dead mf and tissue debris with a few trapped motile mf wer: found at the top of the 30 9
Percoll layer, whereas most of the motile mfwere eitherin the 40 % Percoll fraction or at the:
bottom of the tube, freed of cellular contamination. The mf were washed twice with HBSS
and maintained at 27-29 °C in RPM/-1640 containing 0,03 % gentamycine and 10 % NHS
with daily changes of medium. Viability exceeded 90 % within the first 48 hrs and gradually
declined to 50-60 % within 4-5 days.

Skin mf were obtained by incutating skin snips in HBSS containing 0.03 % gentamicyn:.
and 10 9 NHS for 24-48 hrs. The skin mf were storc 7 in culture medium as described above

Infective L;larvae, were dissected from infected blackflies. In some experiments the isola
ted parasite stages were fixed in PBS containing 10 % formalin before lectin binding.
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Lectin-binding studies

Initially we used the method of Devany (1985) to study the lectin biiiding characteristics of
noduiar and skin mf. Subsequently this method was replaced by a microscope slide echni-
que which we developed to permit the investigation of limited quantities of parasites (L, and
skin mf) as well as to eliminate the need for multiple centrifugations during the washing pro-
cedure (Devany, 1985).

Microfilariae (20-100) were deposited on a marked spot on n:. . ascope slide, air dried and
fixed with absolute ethanol for 10 min. PBS containing the appropri..c lectin at 150 ug per
ml was applied to the spot and the slide incubated at 27 °C for 1 hr ir; 2 humid chamber. A

control experiment with 0.1 M of the corresponding iniubitory sugar (Tal.'> 1) was always

done simultaneously at a different spot on ti.e same slide. After incubation excess FITC-lec-

tin was withdrawn with a Pasteur pipette under the microscope. The mf were then washed
twice by adding 0.2 .1l PBS to the spot, incubating for 5 min and then aspirating the buffer.

Finally a drop of glycerol was applied to the spots and the mf examined under a Nache.t f11o-

rescence microscope at a magnification of 100 X. This techr:ique was also used for the bin-

ding ol rITC-lectins to L sinfective larvae, except that only a few unfixed larvae were used for
each experiment. Using nodular mf we confirmed i!iat the slide technique gave idcitical
results with the method of Devany (1985). However, we preferred the slide met*nd in subse-
quent studies because of its simplicity.

for the investigation of adult worms, they were disprsed individually in?o test tubes ana
incubated at room temperature with 1 ml of the appropriate lectin at a fin::. concentration of
150 ug mi~'. Control expc -iments ui the presence of inhibitory sugars were done simulta-
neously. At the end of the incubation the worms were washed four times .+ith 5l of PBS
and then examined for fluorescence as describe ahove. Only viable adult worms were used.

Treatment of microiiiariae with proteolytic enzymes

In an attempt to open up new binding sites, mf were treated with collagenase, or pronase E.
The proteolytic enzymes were dissolved in PRS at a final concentration of 0 01 Y% fw/v), and
2 ml of the solution used to incubate 5 000 — 10 000 mf for 30 min at 25-29 °C. The incuba-
tion was stopped by adding 5 m! cold PES and centrifuging the mf at 2000 rpm for 10 mit..
The mf were then resuspended in 5 ml PBS and centrifuged. This washing procedure was
repeated three times and the ...f used directly i+ *2 binding assay or fixed in PBS containing
10 % formol for subsequent use. Identical resuits were obtained for both fixed and viable
parasites (not illustrated).

Results

Lectin-binding characteristics of 0. volvulus developmental stages

Table 1shows that only tour out of <rven FiiC-lectins tested could bind to O. vovulus worm
stages that had not been subjected to proteolysis. The lectins that bound to the worm stages
were Concanavalin A (ConA), Lentil lectin (LCH), wheat gernr agglutinin (WGA) and Doli-
chos biflorus agglutinin (DBA). Pranut ag., ulinin (PNA), soy bean agglutinin (..3A) and
Ulex europeaeus agglutiriii, (UEA) did iiot bind to intact parasites under our conditions of
assay. The binding of the lectins appeared to be specific since thic was always abolished by
adding the appropriate inhibitory saccharide in the medium.
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In positive reactions fluorescence was usually seen all over the parasites. The ridges of adult
females showed very weak fluorescence, in contrast to “forrows ” that were intensely fluo-
rescent.

Table 1 also reveals important differences ariong the lectin-binding chu:ucteristics of the
developmental stages of O. vovulus. Thus nodular mf appeared to have sites for LCli and
WGA in contrast to skin mf which could bind "onA and WGA, but not LCH. L zand adult
females displayed similar suiface preperties, ‘with the sole difference that in add..;/on to
ConA, LCH and DBA, the latter also bound WGA. In contrast to adult females, male worms
could only bind LCH of all the lectins tested. The lectin most frequently bound wus LCH
which showed positive reactions with four of the parasite stages tested, followed by ConA
and WGA each of which beund three stages. The FITC-lectin-binding cheracteristics of the
eggs were very similar to triose by adult females except, that the .. »mer did not bind DB.”
Taken together our data ir dicate considerable variation in the set of sugars expressed on the
respective O. vovulus worm stages studied.

Effect of proteolysis on lectin-bincing to microfilariae

In an attempt to oper 1p riew binding sites, skin and nodular inf were treated with proteoly-
ticenzymes before lectin binding. The results given i:i Table 2 showed that, collagenase ope-
ned up new sites for LCH and PNA on skin mf and nodular mf respective.,, whereas pro-
nase E revealed new LCH bindir; sites on skin mf. Under no circumn.stances were we able to
demonstrate the binding of UEA to O. vovulus developmental stage studied : a fact which
excludes exposed «o—L—{—}Fucose residues on these parasites. The movements of the mf
were reduced considerably by the proteolysis, but wel! over 80 % of them were sull viable as
Judged by occacional serpentine niv.ement.

Discussion

The present investigation revealed distinctions among the lectin-binding characteristics of
0. vovulus developmental stages studied. Adult females and ., seemed to have sinilar lec-
tin-binding properties that .ontrasted with those of adult me... .., rodular and skin mf (Table
2). Given the antigenic nature of filarial surface suyars (Howeils, 1981), i: /s tempting to spe-
culate that the observed differences reflect changes in surface antigen specificities anong
the developmentai stages. Such changes may be important for O. vovulus worm survival in
man since immune responses mounted agai::st Lyand adult females, for example, would be
ineffective in blocking the development <. mf. Clearly, additional studies are necessary to
clarify the importance of the immune reactivity of surface sugars in O. vovulus infectic...

The results in Table 1 are consistent with .1e presence of exposed D(+)galactosyl, Df+)man-
nosyl, N-acety,-D-galactosamine and N-acetyl galactosarnine residues on the various deve-
lopmer:*al stages tested. N-acetyl-D-galactosamine and D(+)galactose are presumably not
accessible on intact mf, but become exposed after limited proteolysis, indicating that some of
the sugars may be buried into the structure of the cuticle (Table 2).

Although the sugar-binding specifities of Lentil lectin (LCH) and Concanav:.in A (ConA) are
similar, the latter bound to nodular, but not to skin mf and vice versa (Table 1). Similary,
adult males could bind LCH, but not ConA. The reason for this apparent discrepancy remains
to be determined, although differences in the affinities of the lectins for their binding st~
could possibly explain the results ohtained.
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While this study was in progress Taylor et al, (1986) reported lectu. ....ding characteristics of
0. vovulus worm stages that differed considerably from our findings (Table 1 and 2). Accor-
ding to these investigators neither nodular nor skin mf could bind to any of the FITC-lectins
“tested by them, a result which they attributed to the lack of exposed carbohydrates on these
parasite stages. In contrast to their findings we foun.' hat LCH ..... ConA did bind to nodular
and s«in mf respectively, whereas WGA bound to both types of mf (Table 1 and 2). It is pos-
sible that different strains ..” 0. vovulus from geographically remote regions :..ay display
different surface properties.

Ourresults (Table 1 and 2) also suggest a m: “ked difference betwe~n the lectin-hinding pro-
perties of 0. vovulus and those reported for other filariae. Whereas the cuticle of u. vovu-
lus mf revealed binding sites for LCH and ConA, those of O. gibs:-ni, B. malayi ar-
D. immitis did not (Forsyth et al., i5c-#; Devany, 1985). Taken together the present findings
indicate considerable variation in the surface sugar specificity during the morphogenesis of
0. vovulus 'in man.

Conclusion

This work received fii.ancial support from the International F..::ndation for Science Stock-
holm, Sweden (Grant No 884/F1) and the University of Younc'. (Grant No FS-83-017). We
are also indebted to Dr. Durand (Cenire Pasteur Cameroon) for access to his fluorescence
microscope.
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' TABLE 1 - Lectin-binding properties of O. volvulus stages.

Arc FiL Inhibitory* Sugar*™* Lectin -inding in the absence of inhibitors
LECTIN sugar used specificity Ly adult adult Nomf sinf eggs
female male

ConA (102) 1.9 N-acetyl-D-Glucosamine a-D-Man, a-D-Gle + + - - + +
DBA 20 N-acetyl-U-Galactosan. ;e a-D-Gal NAc + + +) - - -
LCH (49) 4.1 N-acetyl-D-Glucosamine a-D-Man, a-D-Glc + + + + - +
PNA 53 Df+)Gatactose B-0-Gal-NAc - - - - - -
SBA 1.7 Df{+)Galactose D-Gal NAc - - - - - -
UEA, 21 -L{~)Fucose a-L{-'"icose - - - - - -
WGA 22 N-acetyl-D-Galactosamine  (D-Glc NAcl, Nei: 'JAc - + - + + ¥

{+) indicates positive reactions whereas () indicates negative reactions with no fluorescen...;. When tie corres-
ponding inhibitory sugar was included in the test no flucrescence could be observe.. .. esults not shown). All other
details are given in the text.

* Information from Sigma information sheets.

** The sugar binding specificities were as described earlier {Devany 1985). See also catalogue 1986. F/L = moles
fluorescin isothiocyanate per mole lectin. N.mf = nod+'ar microfilariae, s.mf = skin microfilariae, Neu-NAc = N-
Acetyl neuraminic acid, Glc = glucose, man = mannose, Gal-NAc = N-acetyl galactose.

TABLE 2 — Effect of limited proteolysis on lectin binding to microfilariae.

Lectin binding after enzyme treatment
and in the absence of inhibitory sugars

FITC-LECTIN
COLLAGENASE FIIONASE €
Nmf Smf NMS Smf
ConA ..o, - + - +
DBA ..........c.. i, - - - -
LCH o + 4 + +
PNA .. + - - -
SBA ... - - - -
UEA; . i 5 - - -
WGA ..., + t + +

(+) indicates positive reactions ; (-} indicates negative reactions with no fluorescence observed ) indicates weak
fluorescence. All other details are given in the text and the legend of Table 1.
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Abstract

The surface polypeptide antigens of third-stage
infective larvae (L;) and adult males of Onchocerca
volvulus have been compared after iodogen-catalysed
radioiodination, separation by sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis in 3-mer-
captoethanol followed by autoradiography. L; sur-
faces contained polypeptides with apparent molecular
weights of 14, 185, 26, 34, 51, 68 and 130 kDa,
whereas the adults contained 14, 19, 26, 34, 375 and
68 kDa components. By immunoprecipitation with
patient’s sera, only the 14 and 18:5 kDa components
were shown to be antigenic on the L, the other
componeuts being unreactive with patients’ anti-
bodies. Under similar conditions, 4 of the 6 adult
male polypeptides reacted with patients’ antisera,
confirming their antigenic nature. Lentil lectin and
immunosorbent chromatography of the surface com-
ponents revealed the 18'5 kDa and 68 kDa antigens
of L3 and adult males respectively to be glycoproteins.
The apparently weak reactivity of L3 surface compo-
nents with host antibody may be part of an escape
mechanism that favours..the establishment of O.
volvulus in human hosts.

Introduction
Recent studies of the blinding nematode. Onchocerca
volvulus, have focused on the antigenic properties of
the cuticle of its developmental stages, since these
comprise the primary contact organs between the
parasite and the immune system of the Lost (PHILLIP
et al., 1964; TAYLOR et al., 1986; CARBRERA &
PARKHOUSE, 1986; TITANJ1 & NGU, 19865 TITANJI et
al., 1988). However, because of their scarcity, the
infective third-stage larvae (L;) which initiate infec-
tion and have therefore been considered to be the
logical targets of onchocerciasis vaccines (WHO,
1987), have received inadequate sttention. TAYLOR et
al. (1986) were the first to describe 7 polypeptides on
the surface of O wolvulus L; after radioiodination, but
they did not identify which of these components were
antigens. We, like others, identified the surface sugars
of O. volvulus Ly, but their antigenicity remained
unknown (TAYLOR et al., 1986; TITANjL et al., 1957).
However, antibody-dependent immune cell adher-
ence to Ly has been studied, using cells from various
onchocerciasis patient groups, by LEKE ef al. (1988).
The paucity of information on the antigenic nature
of the L; surface components prompteu us to study
this parasite stage using the iodogen-catalysed iodina-
tion method (MARSHALL & HOWELLS, 1986), to
identify the surface polypeptides that elicit antibody
responses in human hosts, and to compare them with

*Author for correspondence.

the adu!lt male worms whose surface properties have
been extensively studied (TAYLOR et al., 1986).

Materials and Methods
Reagenis

RPMI 1640 medium (Gibco, UK), "I (Amersham
International, UK), and lentil lectin sepharose-4B
(Pharmacia, Uppsala, Sweden) were used. All other
reagents were of the purest grade obtainable from
Sigma, Serva or Merck.

Parasites

L; were dissected into RPMI 1640 mediumnm from
the head of blackflies (Simulium) previously infected
while feeding on volunteer fly catchers”. They were
identified as O. wvolvulus at the Kumba Medical
Research Station. About 700 L; were used. Adult
male worms were obtained vy collagenase digestion of
nodules {ENGELBRECHT & ScCHULZ-KEY, 1984) and
maintained in RPMI 1640 medium. To limit bacterial
infection all culture media contained 0°16 mg/ml of
gentamycin and manipulations were carried out under
sterile conditions.

Patients and sera

Patients were examined at a dispensary in Batch-
enga in the Sanaga nver basin of Cameroon. Skin
snips were taken from the calf muscles, iliac crest, and
shoulders and incubated for 24 h at 25-28°C in RPMI
1640 medium with gentamycin. The microiilariae
released after incubation were counted. The remain-
ing skin snips were further digested for 24 h in
collagenase (5 mg/ml in phosphate-buffer. 1 saline
[PBS] containing 10 mM phosphate buffer at pI{ 7-4
and 140 mum INaCl) to release any trapped microfilar-
iae. The 20 patients used in this study had 10-..5
microfilariac per skin snip. Preliminary experi nents
with adult worm antigens confirmed this group to be
the most reactive with surface antigens. Blood sam-
ples obtained by venipuncture were processed for sera
as previously described (TITANJt er a” . 1981). The
sera were stored in ('S5 ml portions at —20°C until
thawed and immediately used in the experiments.

Radiolabelling and solubilization of surface polypeptides

Only viable motile parasites were used. These were
labelled with carrier-free '*°] essentially as described
by BASCHIONG & RUDIN (1982). lodogen (1,3,4,6
tetrachloro3w,6adiphenylglycoluril (Sigma was dis-
solved in chloroform to a final concentration of

“Volunteer fly catchers had access to ivermectin treatment
after the experiment and were exposed only to newly
hatched flics unlikely to have been previously infected with
O. volvulus.
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0:2 mg/ml. Aliquots of 0-2 ml of the solution were
dispensed into 5 ml test tubes and allowed to
cevaporate in the dark at 22-25°C in a fume cupboard,
The tubes were then stored dry over Blue-Gel®
crystals in an evacuated dessicator.

For labelling, the iodogen-coated tubes were rinsed
with I ml of PBS. In a typical ex; ‘riment, 4-8 o sult
males or about 700 L; were put into scparate tubes
and washed thrice in PBS. L; were washed by
centrifugation at 2000 rpm for 10 min; adult mucs
were washed by aspiration of the PBS with Pasteur
pipettes. The parasites were suspended in 1 ml of
PBS, and 2 mCi (10 nl) of carrier-free '’ were
added. The tubes were placed on an ice bath and
incubated with gentle intermittent agil~ton for
10 min. The reaction was stopped by teansferring the
adult males to tubes containing fresh °BS. L were
centrifuged and washed with 3 changes of PBS as
described above. The parasites were separately trans-
ferred to fresh tubes for solubilization. After label-
ling, the adult worms were 100% viable and the I
were about 90% viable, as judged by their motilitics
under a microscope.

Surface po,peptides were solubilized bv incubai
ing the labelled parasites in 0-5-1 ml 10 mm . ris-
HCI1 (pIl 8) containing 1% sodium deoxycholate and
the iollowing proteolytic inhibitors: leupeptin, pep-
statin and N-q-p-osyl-L-lysine chloromethyl ketone at
final concentrations of 5,5 and 25 pg/inl respectively.
For maximal inhibition of proteolysis, 10 ul of
200 mM phenyl methyl sulphonyl fluoride freshly
made in acetone were added to the reaction mixture
every ¢ min for one hour during the entire solubiliz-
ing process. This and subsequent steps were carried
out at 4°C unless stated otherwise. Aliquots (50 pul) of
the solubilized components were taken for protein
determination and the remaining extracts were ad-
justed to contain 300 pg/ml bovine serum albumin as
carrier protein and then desalted on Sephade.. G-25
(PD-10 columns from Pharmacia) by equilibrating
and cluting with 10 mat Tris-HCI (pI 8) containing
0:1% sodium deoxycholate. The radiractive peaks
cluted with the void volume of the column were
pooled, divided in 200 jl aliquots and stored at
=20°C to be thawed once only before use in experi-
ments. The maximum storage period was 1 ‘nonth.

To determine the amount of radioactivirv pracipit-
able by trichloroacetic acid (TCA), S0 ul of the
desalted samples were mixed with 100 il of normal
rabbit serum followed by ! ml of 20% TCA. After
20 min at 4°C the wixture was centrifuged (2000 rpm
for 10 min) and the supernatant discarded. The
pellets were then counted in a Beckman 4000 ganuna
counter and the percentage of TCA-precipitable
counts calculated by comparison with the initial
radioactivity of the sainple. About 60-70% of the
solubilized polypeptides were ‘TCA-precipitable,

Immunoprecipitation

Immunoprecipitation was done according to a
modification by Trrang & NGu, 1986) of the method
of KESSLER (1975). Frozen antigens were thawed and
cleared by mixing with an equal volume of European
normal serum, and then adding one-quarter volume
of 20% washed Pansorbin® (Caibiochem). After
incubating the mixture at 4°C for one hour, it was
centrifuged at 2500 ¢ for 20 min at 4°C). The
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precipitate was discarded and the superniatant used in
the immunoprecipitation reaction.

In a typical reaction, 100 pl of labelled antigen
containing 100-150%10° c¢pm with a specific activity
of 2:2-3-3%10* ¢pm per ng of protein were added to
100 pl of sctum, divred four-fold with 50 mat
Tris-HC1 (pll 74, contiung 150 mat NaCl, S mat
cthyleneuwaminotetraacciic acid and U-G."% NaN),).
The mixture was then in. ibated at 4°C for 12-14 1.
Immunc complexes formed were isolated by staphylo-
coccur immur- hents a !oanalysed by sodium
dodecyl sulpliaie-polyacrylamide gel electrophoresis
(SDS-PAGE) and autorzdiography as , .cviously de-
scribed (Trranji & Nou, 1986). Sera from
onchocerciasis patient groups (see above) w.... unin-
fected LEuropean coutrols were used in the experi-
ments,

Isolation of surface anticens by immunosorbent and lectin
chromatography

For some studics, labelled and desalt- ! surface
polypeptides ware purified by sequentiag ¢Lroma-
tography oa I ml lentil lectin Sepharose 4B columns
equilibrated as described by the manufacturers, The
glycoproteins eluted with 22 M «-D-mannose were
further purified on immunosorbent columns made by
linking a 0-50% (NH,),SO, fraction of pooled
onchocerciasis sera to sepharose 4B (MBACHAM &
TrTANI, 1987). Antigens were eluted from he im-
munosorbent columns by boiling in the sample buffer
of LAEMMLI (1970) for 5 mir. Tn a few experiments
the lavelled antigens were purified directly on the
immunoserbent columns without prior exposure to
aie lentil lectin columns.

Polyacrylamide gel clectrophoresis in sodiu..
dodecyl sulphate was performed essentially accoruing
to ine method of LAEMMLI (1970) using a Protean 11
Biorad® apparatus. After drying in acetone (WIESTER-
MAN, 1985) the gels were placed on Agfa Sa ety Curix
RPI® films and autoradiographed in a cassette with
intensifying screens at —70°C for 1-3 wecks, Protein
was determined acoording to the method of READ &
NoRTHCOTE (1981).

Results
Sturface polypeptide antigens of O. volvuius infective
larvae and adult males

In preliminary experiments (results not shown) we
found no difference between the antigen profiles of
adult worms by immunosorbent chromatoy .phy and
the puitern obtained by using the staphylococcal
immunoprecipitation meuod of KESSLER (197>).
This was also the case with L, antigens. Therefore in
subsequent experiments we : ose the staphylococeal
immunosorovent precipitation because of its simplicity
(sec Materials and Methods secti ... Using labelled
adult worin antigens, the most reacti- - sera were
found 10 be those from patients with low to moderate
microfilarial density (i.e., 1=50 micrefilariae per snip).
‘These were then pooled and used in experiments with
L; for which antigen shortage prechided the examina-
tion of individual sera.

Fig. lillustrates typical gel patterns obrained when
surface antigens wcie respectively isolawed from 1.,
and adult male worms respectively and then analysed
by SDS-PAGE under reducing con.ditions ©llowed by
autoradiography. It can be seen thar -hese worm
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Fig. 1. Polypeptides and antigens of infective larvae of O. volvuldus (L;, lanes B and A respectively) and adult males (lanes E and F respectively)
lane B: polypeptides from L, (25 000 cpm), autoradiographed for 10 days. Lane E: polypeprides of adult males (23 000 cpm), autoradivgraphe:
for 13 days. The antige . {lanes A and F) contained 5000-8000 cpm and were autoradiograpued for 21-28 days. Lanes C and D represent contro
lanes in which normal human sera were used in the immunoprecipitations. RTF. are reference molecular mass sampics (< 1v *) from Pharmacia
Autoradiographs arc shown on the left, and linc-diagrams of the gels on the right.
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i*ig. 2. Glycoprotein antigens of O. volvulus third-stage larvae (1.) «.: i adult males. The glycoproteins were isolated by immunosorbence followed
by lectin affinity chromatography and the: analvsed by sudium dodecyl sulphate-polyacrylamide gel electrophoresis. Autoradiographs of the ge
patterns (left): lane A, infective larvael glyco,ii.:~in (5600 cpm, exposed for 28 days); lane D adult male glycoproteins (48000 cpm, expesed for 21
days); lanes B and C, eluates of contral columns comtaining unsubstituted sepharose-4B [an eluate volume equal to the appropriate exper.ment (2
and D) was applied 10 the gels]. REF. are reference molecular mass samples (% 10 7%) from Plarmacia. Autoradiographs are shown on the left, lin
diagrams of the gels on the right.

stages contained exposed polypeptides that were 18:5+0-4, 26:0+. 0, 34:0£06, 51001, 68-0:0-
easily labelled by the iodogen method. On the L; u and 130-0+0-2 kDa were identified (lane B). Only
least 7 distinct polypeptides with apparend molecular of these, 2 145 and a 18'5 kDa antigen, wei
massces (expressed as means of 4 deter- precipitated by im:une sera from onchocerciasi

minationststandard deviation) of 14-540-5, paticnts (lane A).



Fig. 1 (lane F) clearly shows that the surface of
male worme contained a larger number of antigens
that reacted with patients’ sera than the L; (Fig. 1,
lane A). Of the 6 components identified on adult
males with apparent molecular masses of 14, 19, 26,
34, 37-5 and 68 kDa (Fig. 1, lane E), only the first
and third components were not precipitated by
ptients’ sera under the conditions used, the remain-
ing components giving intense radioactive bands after
immur.oprecipitation. This suggests that the estab-
lished adult worm stage provoked a more pronounced
humoral immune response than the infective larvae,
tle existence of which in the host is relatively
snort-lived.

Identification of antigenic glycoproteins

In a previous study it was shown that i.; could bind
concanavalin A (con A), Dolichos biflorus agglutinin
(DBA), and lentil-lectit. (LCH), indicating the pre-
sence of «-D-mannosvl, «-D-galactosyl and «-D-
glucosyl residues on the surfaces In that study adult
males were shown to bind unly LCH (T1TAN]L et al.,
1987). It was therefore interesting to investigate
whether these exposed sugars were linked to proteins.
Thus the labelled surface components were purified
by chromatography on an LCIl-sepharose 4B col-
umn. The glycoproteins eluted with the compelting
sugar, 0°2 M a-D-mannose, were further purified on a
sepharose-4B immunosorbent column containing hu-
man antibodies to O. wolvulus (see Materials and
Methods section). Fig. 2 (lane D) shows a 68 kDa
component from the male worm surface to be an
antigenic glycoprotein since it was retained by the
lectin and immunosorbent columns. This was also the
case for an 18:5 kDa component identified on the
surface of L; (Fig. 2, lane A). Thus at least some of
the exposed sugars were protein-bound.

Discussion

This study presents the first identification of tac
surface antigens of L3 of O. volvuius. As the infective
stage, L; have often been suggested as suitable targets
for vaccine development, L; inactivation, it has bcen
proposed, would effectively prevent the transmission
of onchocerciasis (WHOQ, 1987). Our data show that,
at least for the group of patients studied, the humoral
immune reaction to the Lj surface was somewhat
weak. Although the other surface polypeptides could
be easily identified after SDS-PAGE and auto-
radicgraphy, immunoprecipitates contained only a
14:0 and an 18-5 kDa component. The low antibody-
combining capacity of L; surface polypeptides when
tested with patients’ sera cenld not be explained by
our use of staphylococcal immunosorbent which is
specific for immunoglobulin G,(IgG)), IgG; and IgG;
but not for IgGi. A similar low yield of L; surface
antigens was obtained when the surface polypeptides
were chromatographed on anti-O. volvulus immuno-
sorbent columns containing all IgG isotypes. To
explain these findings, we suggest that the L; surface
is poorly immunogenic in man as a means of avoiding
host immunity before inore effective escape mechan-
istns stuch as immunosuppression come into force.
Ahernatively, the transient nature of the L; may
prevent them from cliciting a strong antibody re-
sponse. Tlere have been preliminary reports of
antibody-dependent immune cell adherence to L; O.

-
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volvulus. Lat hardly any of the killing of these larvae
by imnumne cells from putatively immune paticnts
(LEKE et a’., 1988). The identified components
should be .iudied furthcer for a possible roie in
protective immunity.

There are both similarities and differences be.oween
the present and previous results. Like TAYLOR et al.
(1986), w. identified 7 components on the Lj of
Camerooniui. O volvulus, but the apparent molecular
sizes of some of these .were different, probably
reflecting a difference between the parasiie strains
from Sierra Leone and Cameroon. An 185 kDa
antigen appeared only on the L; and was absent from
adult male worms. Preliminary data suggest that this
antigen is also absent from females, eggs and micro-
filariae, making it a good candidate for stage-specific
diagnosis of early infection (Titanji & Mbacham,
unpublished observations). Although the 14 kDa
component was present in the labelled surface extracts
of both stages, it could not be found .inung the
surface antigens of the adult worms. Further experi-
ments to establish the identity of these components of
similar size (CARBRERA & PARKHOUSE, 1986) arc
clearly indicated.

Our data also showed that some of the expnsed
sugars previously identified 0. the O. volvulus form
parts of antigenic glycoproteins, among which are the
18-5 klDdaand 68 kIDa a.::igens on Lj and wdult males
respactively. This suggests that attempts (. generate
large quantities of O. wvolvulus surface antigens by
recombinant deoxyribonucicic acid techniques should
take into account the possible contribution of car-
bohydrate moities to the immunogenic properties of
these glycoproteins.
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