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SPECIFIC CELLULAR AND HUMORAL IMMUNE RESPONSES
INDUCED BY DIFFERENT ANTIGEN PREPARATIONS
OF ECHINOCOCCUS MULTILOCULARIS IMETACESTODES
IN PATIENTS WITH ALVEOLAR ECHINOCOCCOSIS

NICOD L.*, BRESSON-HADNI S.*, VUITTON D.A.*, EMERY L*, GOTTSTEIN B.**, AUER H.*** and LENYS D.*

Summary :

A specific proliferation of the peripheral blood mononuclear cells
(PBMC) stimulated by antigens of Echinococcus sp. has been
shown in patients with cystic as well as alveolar echinococcosis.
However, the development of a major granulomatous reaction
around the parasitic larvae is a characteristic feature of the local
immune response fo E. multilocularis while humoral immune res-
ponses seem to predominate in E. granulosus infection. The aim of
this study was to analyse the specific proliferation of the PBMC
from 36 patients with alveolar echinococcosis, and 23 controls,
induced by a crude preparation of E. multilocularis (EmcAg) as
well as by two E. multilocularis specific antigen preparations, the
Em2 antigen and the protoscolex (ESAg) antigen. The significant
correlation observed between the proliferation index either by Em?2
and ES or by Emc suggests that both antigens account for an
important part of the lymphocyte proliferative response. The strong
effect of these species specific antigens on lymphocyte prolifera-
tion is confirmed by the comparison of the results obtained in this
study to those obtained in a previous study of specific cellular
immunity to E. granulosus antigens in patients with cystic echino-
coccosis. The proliferation indices were significantly elevated in all
those 7 patients with a proven AE who were sero-negative using
the Emc ELISA, as well as in the 12 patients also seronegative, but
using the Em2 ELISA. In 5 seronegative patients who had had a
complete resection of the parasitic lesions two years before the
lymphocyte proliferation evaluation, the Pl was above the threshold
value for two dilutions of EmcAg. Pl under the threshold values
were obtained only in patients with residual lesions. These results
suggest that E. multilocularis specific antigens promote the prolife-
ration of lymphocytes which could be TH1 cells, responsible for
the infense periparasitic granulomatous reaction characteristic of
alveolar echinococcosis.

KEY WORDS : Fchinococcus multilocularis. Alveolar echinococcosis. Lympho-
cyte proliferation. Em2 antigen. Protoscolex antigen

MOTS CLES : Echinococcus multilocularis. échinococcose alvéolaire. prolifé-
ration lymphocytaire. antigéne Em2. antigéne de protoscolex.

* Research Unit on Health and Rural Environment (SERF), Research
Group on Alveolar Echinococcosis (AREA), University of Franche-
Comté, F 25030 Besancon, France.

** Laboratory of Parasitology, Medicine and Veterinary Faculties of
the University of Bern, CH- 300/ Bern, Switzerland.

“* Laboratory of Parasitology, Clinical Institute of Hygiene of the
University of Vienna, A-1095 Wien, Austria.

Address for correspondence : Prof. D.A. VUITTON, Service de
Médecine Interne, CHU Jean Minjoz, F 25030 BESANCON (France)
Telephone: 81 66 97 33 — Fax : 81 66 97 11.

Parasite, 1994, 1, 261-270

RéEsumé : PROLIFERATION LYMPHOCYTAIRE INDUITE PAR DES ANTIGENES
SPECIFIQUES DANS L'ECHINOCOCCOSE ALVEOLAIRE HUMAINE

Aussi bien dans |'échinococcose hydatique que dans ['échinococ-
cose alvéolaire, il est possible d’obtenir une prolifération spécifique
des lymphocytes sanguins aprés stimulation par les antigénes
d’Echinococcus. Cependant le développement d'une réaction gra-
nulomateuse majeure autour des larves parasitaires est un des
aspects caractéristiques de la réponse immune locale a E.
multilocularis, alors que les réponses immunes humorales semblent
prédominer dans l'infection par E. granulosus. Le but de cette étude
était d'analyser la prolifération spécifique des lymphocytes circulants
de 36 malades atteints d'échinococcose alvéolaire et de 23 sujets
témoins, aprés stimulation par une préparation antigénique brute
d’E. multilocularis (EmcAg] ainsi que par deux préparations antigé-
niques spécifiques purifi¢es, I'antigéne Em2 et 'antigéne de protos-
colex (ESAg). La corrélation significative observée entre les index de
prolifération aprés stimulation par les trois préparations antigéniques
montre que les antigénes spécifiques participent de fagon impor-
tante a ['initiation de la réponse proliférative lymphocytaire. Cet
effet puissant des antigénes spécifiques d'espéce est confirmé par la
comparaison des résultats obtenus dans ce fravail G ceux obtenus
dans une étude précédemment publiée de I'immunité cellulaire spé-
cifique visais des antigénes d'E. granulosus, chez des malades
afteints d'échinococcose hydatique. les index de prolifération
étaient significativement élevés chez les 7 malades, atteints d'échi-
nococcose alvéolaire confirmée histologiquement, qui étaient séro-
négatifs en utilisant I'ELISA Emc, de méme que chez les 12
malades, également séronégatifs mais en utilisant I'ELISA Em2.
Chez 5 malades séronégatifs qui avaient eu une résection complete
des lésions parasitaires 2 ans avant ['évaluation de la prolifération
lymphocytaire, les index de prolitération étaient au-dessus du seuil
de positivité pour les 2 dilutions d’EmcAg. les index de prolifération
en-dessous du seuil n‘ont été obtenus que chez des malades qui
avaient des lésions résiduelles. Ces résultats suggérent que les anti-
geénes spécifiques d'E. multilocularis sont de puissants inducteurs de
prolifération lymphocytaire qui pourraient contribuer a induire
I'intense réaction granulomateuse locale caractéristique de I'échino-
coccose alvéolaire.
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| MEDICAL | .~ VOLUME OF  TIME BETWEEN
PATIENT = AGE sEx | TREATMENT | SURGICAL  THE PARASITIC |SURGERY AND PI
n° (years)  ° . OPERATION LESION DETERMINATION|
‘ ‘ o (months) ’
1 64 F MZ PH 2 72
/) 90 F MZ ‘ pse 4 -
3 69 M MZ PH 3 48
4 62 M MZ PH 7. 67
5 39 M MZ RH 0 60
6 67 F MZ PH 1 15
7 68 M MZ PS 3 18
8 49 M MZ pse 1 ’
9 61 M MZ RH 0 18
10 68 F MZ PH 2 108
1n 75 F MZ | PS 4 132
12 62 F MZ pse 4 :
13 60 M MZ : PH 1 33
14 49 M MZ PH 1 72 \
15 64 M MZ pse 3 .
16 68 F MZ PH i 24
17 61 F MZ PH 2 24
18 44 M MZ PH 2 48 @
19 72 M MZ PH 1 12 1
20 60 M MZ RH 0 36 f
21 72 M MZ pPse 4 . \
22 ) M MZ PH 1 24 i
23 74 M MZ PH 2 64
24 57 F MZ RH 0 26
25 47 F MZ PH 2 66
26 41 F (@) RH 0 40
27 65 M MZ pse 0 “
28 65 F o} PH 0 120
29 42 M MZ RH 0 60
30 53 M MZ PH 3 72
\ 31 42 F o} RH 0 21
32 47 M MZ RH 0 56
‘ 33 70 M MZ RH 0 25
34 74 M MZ ‘ PH 4 47
35 80 M MZ PH 1 46
‘ 36 77 F (e) PS 4 48

Table 1. — Clinical and parasitological features of 36 patients with alveolar echinococcosis
PS°: no surgery; RH : radical hepatectomy; PH : palliative hepatectomy; PS : palliative surgery without hepatic resection.
*MZ : Mebendazole (4,5 g/day).
**: semi-quantative evaluation :
1 < 15% of the hepatic volume
2 < 15%, < 30% '
3> 30%, > 50%
4> 50% and/or metastasis.
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INTRODUCTION

very long period of time elapsed before the

cestodes Echinococcus graniulosus and E.

multilocularis gained the status of two diffe-
rent species (Vogel 1955) : in fact these two cestodes
have many morphological similarities and share more
than 80 % of their antigenic determinants (Kagan et
al., 1960; Capron et al., 1970). However, the diseases
which are the consequences of the larval develop-
ment of both species in animals and in humans are
quite different : Cystic echinococcosis (CE), caused
by the development of E. granulosus larvae, looks
like a benign tumor and is associated with a very
mild infiltration by immune response cells (Miguet et
al., 1991); Alveolar echinococcosis (AE), caused by
the development of E. multilocularis larvae, is similar
to a malignant tumor (Miguet et al., 1991; Miguet and
Bresson-Hadni, 1989). Larvae of the latter species
have unlimited growth, despite a very strong granulo-
matous reaction which has been shown to play a
major role both in the defence of the host against the
parasite (Vuitton et al., 1989; Bresson-Hadni et al.,
1990) and in the occurrence of the complications of
the disease (Bresson-Hadni et al., 1988).

A specific proliferation of the peripheral blood mono-
nuclear cells (PBMC) stimulated by antigen prepara-
tions of Echinococcus sp. has been shown in patients
with CE (Siracusano et al., 1988) and AE (Bresson-
Hadni et al., 1989; Gottstein et al., 1991). In patients
with AE, the specific T-cell proliferation appears to be
greater than in those with CE, and lasts more than 4
years after complete removal of the parasitic tissue
(Bresson-Hadni et al., 1989). In patients receiving a
large amount of immunosuppressive drugs after a
liver transplantation for AE, significant proliferation
indices have been shown to be associated with the
persistance of parasitic larvae in other organs; in
some cases they even reach levels higher than those
observed before transplantation (Bresson-Hadni et al.,
1991). The antigens which are specific to each spe-
cies could be responsible for stimulation of the host
immune response which could differ quantitatively
and/or qualitatively. Such specific antigen prepara-
tions have been proposed as diagnostic tools for the
measurement of specific antibodies (Gottstein et al.,
1983: Auer et al., 1989). However, their respective
ability to induce T-cell proliferation has not been pre-
viously compared. The aim of this study was to ana-
lyse the specific proliieration of the PBMC from
patients with AE. The study utilized a crude prepara-
tion of E. multilocularis (EmcAg) as well as two
E.multilocularis specific antigenic preparations, the
Em2 antigen (Em2Ag) (Gottstein et al., 1983) and the
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protoscolex derived antigen (ESAg) (Auer et al.,
1989). Results were correlated with the parasitic mass,
and with the levels of specific antibodies measured
using EmcAg and Em2Ag.

MATERIALS AND METHODS

PATIENTS :

hirty-six patients (mean age : 60.5 years) with

a histologically proven AE, and originating

from Franche-Comté (n=33), Haute-Savoie
(n=1) and Lorraine (n=2), France, were included in
this study. The clinical features of these patients are
given in Table I. Among these patients, 10 had had a
radical resection of the liver parasitic lesions, and 32
patients were receiving mebendazole at the time of
the study. No patients of this series had an abortive
form of AE, or had had a liver transplantation before
the lymphocyte proliferation study. The PBMC were
also tested in 23 control subjects (6 men, 17 women,
mean age : 34.5, range 24-52). All these healthy sub-
jects were seronegative for AE using Emc- and Em2-
ELISA and lived in Franche-Comté, France.

ECHINOCOCCUS ANTIGENS :

E. multilocularis crude antigen (EmcAg) was prepa-
red from parasitic peritoneal lesions maintained in
Meriones unguiculatus, as described previously
(Bresson-Hadni et al., 1989). A solution of 25 mg of
the lyophilized extract in 10 ml of TRIS ACM buffer
was used for the proliferation assays. The total
amount of protein determined by the Bio-Rad protein
assay was 1,420 ng/ml.

Em2 antigen (Em2Ag) was obtained from parasitic
peritoneal lesions in Meriones unguiculatus by affi-
nity chromatography using a rabbit anti-hydatid fluid
IgG coupled to CNBr-Sepharose 4B, as previously
described (Gottstein et al., 1983). Using this proce-
dure, the column retained the common antigens sha-
red by E. multilocularis and E. granulosus, whilst the
Em2 specific antigen passed through the column. The
total protein amount was 704 pg/ml.

E. multilocularis ES antigen (ESAg) was prepared
from the supernatant of cultures of the protoscoleces
of E. multilocularis as described previously (Auer et
al., 1989). The supernatants were removed after 3, 5,
7,9, 11 and 13 days of culture and frozen (-20°C)
until required. Pooled supernatants were concentra-
ted tenfold with polyethylene glycol 20,000, dialysed
against PBS at +4° for 48 h, and finally precipitated
by trichloroacetic acid. The total protein amount was
92 ng/ml.




PROLIFERATION ASSAY :

Peripheral Iymphocytes were separated from hepari-
nized blood (20 ml) by conventional centrifugation
on a Ficoll-Hypaque gradient. Isolated cells were
washed twice, and re-suspended at 5 x 105 cells/ml in
RPMI 1640 medium (Eurobio) supplemented with 10
% heat-inactivated human AB serum, 25 mM gluta-
mine, 100 U/ml penicillin, 100 pg/ml streptomycine.
Triplicate cultures were prepared in curvebottomed
microwell culture plates (Nunc, Roskilde, Denmark),
at 5 x 104 cells/well by addition of 100 pl RPMI
medium. Then 20 pl of sterile antigens (EmcAg,
Em2Ag or ESAg) were added at various concentra-
tions. In all experiments, cultures with optimal doses
of phytohaemagglutinin (PHA : 20 pD) and cultures
without antigen were also set up as controls.

After 3 days of culture at 37°C in a humidified atmos-
phere containing 5 % CO,, the proliferative response
was assessed by the addition of 20 pl containing 1
pCi 3H-methylthymidine (specific activity 1 mCi/
mmol) to each well. After 18 hr at 37°C, cells were
harvested on glass fibre filters (Nunc, Roskilde,
Denmark) and prepared for -spectrometry by adding
3ml Dynagel (Baker, Holland). Net counts per minute
(cpm) of triplicate cultures were measured, and the
proliferative response was expressed as a “prolifera-
tion index” (PD) calculated as follows :

cpm in stimulated culture

PI =
cpm in control unstimulated culture

PI was considered as significant for any value > 3
with PHA, EmcAg,Em2Ag and ESAg (1:5), and > 2
with EmcAg, Em2Ag and ESAg (1:50, 1:500) as descri-
bed previously (Bresson-Hadni et al., 1989).

Determination of the optimal concentration of the
three antigen preparation EmcAg, Em2Ag and ESAg

The T-lymphocyte proliferation of PBMC from five
patients with AE was studied with ten concentrations
of each antigenic preparation (EmcAg, Em2Ag and
ESAg); the mean PI obtained are shown in Fig. 1.

A low level of reactivity was obtained at the highest
concentrations (undiluted and dilutions 1:2 and 1:3)
of the three antigenic preparations. A higher degree
of reactivity was observed for intermediate dilutions
from 1:5 to 1:500 of the 3 antigenic preparations. It
was followed by a dose-dependent decrease of the
lymphocyte proliferation. A 1:5 dilution of each anti-
gen was chosen as the highest antigenic concentra-
tion used in this study; however the 1:50 and 1:500
dilutions were also tested.

SEROLOGICAL ASSAYS :

Evaluation of the specific IgG humoral immune res-
ponse against E. multilocularis was carried out using
a) the Em2-ELISA as described by Gottstein et al.
(Gottstein et al., 1983) and b) an Emc- ELISA develo-
ped in our laboratory, according to the method des-
cribed for Em2-ELISA and using a crude preparation
of E. multilocularis as antigen. The results were
considered positive for any value > 0 % for Emc and
Em2.

STATISTICAL TESTS :

Non-parametric statistical comparison test (Mann-
Whitney U-test) and Spearman’s correlation test were
used to test differences between patients and control
subjects and correlation between the PI and levels of
specific antibodies or volume of the parasitic lesions,
respectively.

RESULTS |

ANTIBODY RESPONSE ASSESSED BY EMC- AND EM2-
ELISA :

Specific anti-E.multilocularis antibodies, assessed by
ELISA, were present in 30 (/30) and 23 (/30) sera tes-
ted against Emc and Em2 respectively. Individual
results of antibody levels are shown in Table II.

LYMPHOCYTE PROLIFERATION WITH PHA

After stimulation with PHA, the cpm measured in the
Iymphocyte cultures from patients ranged from 13,340
to 62,221 (vs 32,117 to 82,946 in control subjects, and
183 to 1,411 without any stimulation).

The mean PI obtained with the PBMC of the 30
patients (145.0) was significantly lower than that
observed in the control group (224.0) (p = 0.007)
(Fig. 2).

LYMPHOCYTE PROLIFERATION WITH EMCAG

Results of the lymphocyte proliferation assays with
EmcAg are shown in Fig. 2. At the 1:5 dilution of
EmcAg, the cpm measured in the lymphocyte cultures
from patients ranged from 132 to 3.600. The diffe-
rences between the PI values obtained from the
patients and those obtained from the control subjects
were highly significant for the three concentrations of
EmcAg (p < 0.001).

At the 1:5 dilution, the Pl was higher than 3 in 32
(/36) patients with AE and in 7 control subjects.

At the 1:50 dilution, it was higher than 2 in 32
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PATIENT Emc- ELISA (%) Em2- ELISA (%)
n° positive : > 0 positive : > 0 J
l 70 37
2 80 29
3 42 3
4 32 1
5 4 1
6 9 0
7 91 61
8 49 43
9 0 0
10 41 44
11 5 1
12 84 60
13 75 51
14 57 31
15 0 0
16 25 1
17 32 8
18 68 81
; 19 04 20
[ 20 12 3
21 10 0
22 19 2
23 33 1 1
| 24 0 0 |
} 25 24 0
20 2 5
27 9 0
28 0 0
29 37 34
| 30 2 0
[ 31 0 0
| 32 36 23
j 33 1 0
! 34 8 0
35 0 0
i 30 57 51
Table 1I. — Specific antibody responses assessed by ELISA using different antigenic preparations of E. mudtilocularis : crude extract, Emc;

purified specific extract, Em2. Results are expressed as percent of the standard serum.

patients and in 10 control subjects. A significant dose
effect relationship was observed in the group of
patients.

The PI was significantly elevated in all those 6
patients with a proven AE who were seronegative
using the Emc- ELISA, as well as in the 13 patients
also seronegative but using the Em2- ELISA.

In the seronegative patients n° 9, 24, 28, 31 and 33
who had had a complete resection of the parasitic
lesions 2 years before the Tymphocyte proliferation
evaluation, the PI was above the threshold value for
/5 and 1/50 dilutions of EmcAg. In all the patients
with a complete resection of the parasitic lesions, the
PI obtained at the 1:5 or 1:50 dilutions of Emc antige-
nic preparation were above 3.8 and 2.7 respectively.
Although there was no significant difference between
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the PI values obtained in the group of patients with
radical resection and that of patients with residual
lesions, it should be noted that Pl under the threshold
values were only obtained from patients with residual
lesions.

LYMPHOCYTE PROLIFERATION WITH EM2AG

Results of Tymphocyte proliferation assays with
Em2Ag are shown in Fig. 3. At the 1:5 dilution of
Em2Ag, the cpm measured in the Iymphocyte cultures
from patients ranged from 400 to 1,060. The PI calcu-
lated from the patients” PBMC were significantly
higher than those obtained from the control PBMC at
the 1:50 dilution. However, the difference was no lon-
ger significant at the 1:500 dilution. At the 1:5 dilution,




the PI was higher than 3 in 16 (/32) patients and 4
healthy controls. At the 1:50 dilution, the PI was
above the threshold value in 17 patients and in 1
control.

LYMPHOCYTE PROLIFERATION WITH ESAG

Results of Iymphocyte proliferation assays with ESAg
are shown in Fig. 3. At the 1:5 dilution of ESAg, the
cpm measured in the Iymphocyte cultures from
patients ranged from 138 to 3,243. The PI calculated
from the patients with PBMC were significantly higher
than those obtained from the control subjects” PBMC
at the 1:5 and 1:50 dilutions. However, the difference
was no longer significant at the 1:500 dilution. At the
1:5 dilution, the PI was higher than 3 in 15 (/21)
patients and 3 healthy controls. At the 1:50 dilution,
the PI was above the threshold value in 16 patients
and in 2 uninfected controls.

CORRELATIONS BETWEEN THE PROLIFERATION
INDICES OBTAINED WITH THE DIFFERENT ANTIGENIC
PREPARATIONS

Spearman’s correlation analysis showed significant
correlations between the PI obtained with EmcAg and

PI

|89}

0 _______ .
.1 2 43 45 :10 :50

:100

those obtained with ESAg at the 1:5 dilution (r = 0.60,
p < 0.003), and at the 1:50 dilution (r = 0.44, p <
0.04) (Fig. 4 A and B). However, at the highest dilu-
tion of these two antigenic preparations (1:500) there
was no significant correlation. Conversely, there were
significant correlations between the PI values obtai-
ned using EmcAg and Em2Ag (r = 0.56, p < 0.0008)
(Fig. 4C), and with Em2 and ES (r = 0.48, p < 0.05), at
the 1:500 dilution (Fig. 4D) but there was no correla-
tion at lower dilutions (1:5 and 1:50).

CORRELATIONS BETWEEN IMMUNOLOGICAL AND CLI-
NICAL PARAMETERS

— PI and antibody levels : There were no significant
positive or negative correlations between specific anti-
body levels assessed by Emc-, and Em2-ELISA and
lymphocyte responses. The PI values obtained with
crude and specific antigens were high, even in serone-
gative patients (especially in n° 9, 15, 24, and 28).

— PI and clinical features : There was no correlation
between the PI values and the volume of the parasitic
lesions at the time of the study or with any aspect of
the patients’ past-history (age, sex, medical treatment,
interval between surgery and the lymphoproliferative
tests).

Emc Ag

Em2 Ag

Es Ag

dilutions

:500 :1000 :5000

Fig. 1. — Means of the proliferation indices (PI) obtained from PBMC stimulated with three different antigenic preparations of E. multilocu-
laris, EmcAg, Em2Ag and ESAg at ten dilutions in five patients with alveolar echinococcosis. The protein concentrations of the antigenic
preparations were respectively 1,420 pg/ml, 704 pg/ml and 92 pg/ml for Eme, Em2 and ES antigens.
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dilution (r= 0.48, p < 0.05) (D).

DISCUSSION -

Vhe results of our present study confirmed the
existence of a reactivity of PBMC to Em Ag in
patients with AE. Moreover, it indicates that

the proliferation induced by a crude antigenic prepa-
ration is partly related to species-specific antigens,
namely Em2 and ES. The significant PI occasionally
obtained from controls’ PBMC could be explained by
an intrinsic mitogenic potency of E. multilocularis Ag,
as suggested by previous studies with Ag from
various cestodes (Judson et al., 1987). However, it
can be noted that significant PI were only observed

208 —

in some control subjects, all of them having lived in
endemic areas for many years, so that a previous
contact with E. multilocularis could not be excluded.

Compared to the response obtained with Emc, with
regard to the protein concentration, it appears that
these antigens induced a stronger response than Emc
which contained other antigenic proteins shared by
E. multilocularis and E. granulosus. In fact, the anti-
genic protein concentrations used in the cell cultures
at the 1:5 dilution for Em2Ag, ESAg and EmcAg were
12.82 pg/ml, 1.68 ng/ml and 25.82 pg/ml respectively.
The strong effect of these species-specific antigens on
Iymphocyte proliferation is confirmed by the compa-
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rison of the results obtained in this study to those
obtained in a previous study of specific cellular
immunity to E. granulosus antigen in patients with CE
(Siracusano et al., 1988). In that study, a specific pro-
liferation of the PBMC stimulated by antigen prepara-
tion of E. granulosus was demonstrated (Siracusano
et al., 1988). However, the antigenic protein concen-
trations (200 pg/ml) required to obtain a similar
degree of proliferation as that observed in our study
was 15 and 100 fold higher than those of Em2 and ES
antigens respectively. Thus, the ability to induce a
specific lymphocyte proliferation is definitely greater
using E. multilocularis specific antigens. This could
explain the development of the periparasitic granulo-
matous reaction which characterizes AE lesions com-
pared to those of CE. Cloning of the T cell
subpopulations induced in this reaction, which is
now under investigation, will give interesting infor-
mation on their functional properties, especially their
cytokine synthesis and secretion capacities. The
occurrence of granulomatous reactions in parasitic
diseases, for instance in murine schistosomiasis
which, like AE, is characterized by a granulomatous
liver disease, has been shown to be related to CD4+
T cells (Chikunguwo et al, 1991). Murine CD4+ T
helper cells have recently been subdivided into two
groups according to their Iymphokine secretion pro-
file. It would be of major interest to isolate CD4+ TH1
Iymphocytes specific to E. multilocularis antigens
(Em2Ag or ESAg) from the granulomatous reaction of
human AE. This may allow us to study their ability to
mediate DTH reaction and to produce cytokines as it
has been previously done for schistosomiasis
(Chikumguwo et al., 1991).

In a recent study, using a crude protein extract,
Gottstein et al., (1991) found an inverse relationship
between the intensity of the specific cell-mediated
immunity and the evolution of the disease. In fact,
the lowest lymphoproliferative response occurred
among inoperable cases, whereas the status of cured
AE patients was always characterized by a high in
vitro lymphoproliferative response. Our results seem
to indicate a similar relationship using EmcAg
although the statistical correlation was not significant.
However, it was not observed using Em2Ag and
ESAg.

ESAg is a 62 kDa polypeptide presumably originating
from an antigen released by the protoscolices into the
culture medium (excretory/secretory antigen) in a
period of high activity and metabolism (Auer et al.,
1989). In our study, fertile lesions containing viable
protoscolices were observed in only two patients
(n° 13 and n° 31) (Liance et al., 1990). Interestingly,
the PI (respectively 7 and 9.2) obtained with ESAg at
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the 1:5 dilution from these patients were among the
highest observed in the patient group. The observa-
tion of a positive specific cellular immune response
using this antigen also in the patients without fertile
lesions suggest that this antigen is expressed on ano-
ther part of the metacestode.

Em2Ag is a component of the parasite, located predo-
minantly in its laminated layer, which persists, inde-
pendently of the viability status of the metacestode.
The observation of a significant lymphoproliferative
response to Em2Ag in AE patients having received
mebendazole for many years at the time of PI deter-
mination is therefore not suprising. Recent investiga-
tions (Gottstein, unpublished) demonstrated the
dominant carbohydrate nature of the Em2 antigen. It
may thus become interesting to focus on the subsets
of lymphocytes involved in the proliferative response:
such an antigen could theoretically also stimulate
directly B lymphocytes.

In conclusion, these results confirm that antigens spe-
cific to E. multilocularis which are not shared by E.
granulosus could be responsible for the major cellu-
lar immune response observed in AE. The significant
correlation observed between the PI induced either
by Em2Ag and ESAg or by EmcAg suggests that both
antigens account for an important part of the prolife-
rative response and, thus, for the development of
TH1 clones. In fact, AE is also characterized by an
important and sustained humoral immune response
and it can by hypothesized that antigens shared by
the two species could preferentially induce the deve-
lopment of TH2 clones. Howewer, a specific role of
Em2Ag in B cell stimulation cannot be excluded.
Alternatively, similar to that shown in schistosomiasis,
the development of clones which secrete both types
of cytokines (Chikunguwo et al., 1991 ) can be hypo-
thesized. Preliminary results of spleen cell prolifera-
tion induced by EmcAg in E. multilocularis infected
mice favor this hypothesis (Emery et al., unpublished
data). E. multilocularis infection thus appears as ano-
ther very exciting model to study the way of differen-
tiation of T-helper clones in reference to the nature of
the antigens and/or their mode of presentation to the
T-helper cells.
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