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SUMMARY

Differences have been shown between HLA characteristics of patients with different courses of alveolar
echinococcosis (AE). Notably the HLA B8, DR3, DQ2 haplotype was associated with more severe forms
of this granulomatous parasitic disease. We compared IL-10, IL-5, interferon-gamma (IFN-vy) and
tumour necrosis factor (TNF) secretion by peripheral blood mononuclear cells (PBMC) isolated from
eight HLA-DR3", DQ2*, B8" AE patients and from 10 HLA-DR3 ™, DQ2~, B8~ patients after non-
specific mitogenic and specific Echinococcus multilocularis antigenic in vitro stimulation. PBMC from
seven HLA-DR3", DQ2", B8™ healthy subjects and nine HLA-DR3~, DQ2~, B8~ subjects were also
studied as controls. PBMC from AE patients with HLA DR3™, DQ2" haplotype secreted higher levels
of IL-10 without any stimulation and after specific antigenic stimulation than did patients without this
haplotype. Higher levels of IL-5 and IFN-y were also produced by these patients’ PBMC after
stimulation with non-purified parasitic antigenic preparations; however, the specific alkaline
phosphatase antigen extracted from E. multilocularis induced only Th2-type cytokine secretion. A
spontaneous secretion of TNF by HLA DR3™, DQ2" B8" AE patients was also found. These results
suggest that HLA characteristics of the host can influence immune-mediated mechanisms, and thus the
course of AE in humans; specific antigenic components of E. multilocularis could contribute to the

preferential Th2-type cytokine production favoured by the genetic background of the host.
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INTRODUCTION

Alveolar echinococcosis (AE) is a chronic and severe parasitic
disease [1,2]. The lesions resulting from infection by the helminth
parasite Echinococcus multilocularis seem mainly to be caused by
the host’s inappropriate reaction to parasite oncospheres that are
carried into the portal venous system, trapped in the liver and then
develop as a cancer-like tumour. In the past 5 years studies of
patients with AE and of experimental models of larval E.
multilocularis infection have demonstrated that Th2 responses,
especially IL-10 secretion, might be associated with the progressive
form of AE, and that Thl responses are associated with resistance
[3-5]. Abortive AE as described by Rausch et al. [6] associates
hepatic calcification and a positive E. multilocularis serology. It has
been shown that peripheral blood mononuclear cells (PBMC)
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from abortive AE patients secreted significantly lower levels of
IL-5 and IL-10 than PBMC from progressive AE patients without
any stimulation; PBMC from abortive AE patients also produced
significantly lower levels of IL-10 after non-specific mitogenic
stimulation and specific antigenic exposure [7].

Differences between HLA phenotype of patients with AE and
healthy subjects from the same endemic area, and between AE
patients with different evolutive courses, have been shown in a
recent European study of 151 patients [8]. The HLA B8, DR3,
DQ2 haplotype, in particular, was more frequent in patients with
the most severe forms of AE. This observation suggests that MHC
class II alleles could play a role in determining the clinical course
of an infection by E. multilocularis in humans through the
preferential induction of Th2 cytokine response in those patients
with the most active parasitic growth.

In this study therefore we compared IL-10, IL-5, interferon-
gamma (IFN-v) and tumour necrosis factor (TNF) secretion by
PBMC isolated from eight HLA-DR3™, DQ2*, B8 AE patients
and from 10 HLA-DR3 ™, DQ2", B8 patients after non-specific
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mitogenic and specific E. multilocularis antigenic stimulation in
vitro. PBMC from seven HLA-DR3*, DQ2*, B8 healthy
subjects and nine HLA-DR3 ", DQ2", B8 subjects were also
studied as controls.

PATIENTS AND METHODS

Blood samples

Blood samples were collected from 18 patients with progressive
AE who had medium-sized, stable lesions at the time of the study.
The eight patients with the HLA-DR3™, DQ2™, B8™ haplotype
are referred to as ‘DR3™ patient group’, and the 10 patients
without this haplotype constitute the ‘DR3 "™ patient group’. None
of these 18 patients had undergone a curative hepatectomy or a
liver transplantation before the study. PBMC were also isolated
from 16 healthy control donors from the same geographical area:
seven subjects with the HLA-DR3", DQ2*, B8" haplotype
(‘DR3" control group’) and nine subjects without this haplotype
(‘DR3" control group’). All patients and control subjects gave
their informed consent, and the study was approved by the
Regional Ethical Committee, as required by French law (Comité
Consultatif pour la Protection des personnes en Recherche
Biomédicale de Franche-Comté; decision on Jan 6, 1995).

Antigenic preparations

Crude extract antigen (Emc Ag) was made from a homogenate of
E. multilocularis metacestodes (‘Jura vert’ isolate, maintained on
Meriones unguiculatus) as previously described (Laboratory of
Parasitology, Créteil, France) [4]. Vesicular fluid antigen (Emf
Ag) free of host protein contamination was prepared according to
the method of Hemphill er al. (Parasitology Institute, Bern,
Switzerland) [9]. Metacestode alkaline phosphatase (EmAp Ag;
Laboratory of Parasitology, Faculty of Pharmacy, Lyon, France)
extraction was done as follows (all procedures were carried out at
4°C): the metacestodes were washed three times with 0-9% NaCl
and homogenized in 100 mm Tris—HCI buffer pH 7-6, 100 mm
NaCl, 1 mm MgCl,, 1 mm CaCl,, 0-02 mm ZnCl, using a scissors
homogenizer for 10 min, a grinder for an additional 10 min, and
then sonicated for 5 min (15 W). The homogenate was mixed
with an equal volume of 1-butanol, cooled to —20°C, and shaken
slowly for 3 h at 4°C. The mixture was then centrifuged at 9000 g
for 30 min in a refrigerated Sorvall centrifuge (Rotor S34). The
aqueous layer was removed. The supernatant fraction and the
pellet were again mixed, an equal volume of 1-butanol was added,
then shaken overnight at 4°C and then centrifuged at 9000 g for
30 min. The butanol was eliminated, the supernatant fraction was
dialysed against 0-9% NaCl for 12 h and then concentrated using a
sodium salt of carboxymethylcellulose (Aquacid II; Calbiochem,
La Jolla, CA). Using this procedure, and compared with that
previously described, EmAp Ag was concanavalin A-free, and
thus could not interfere with PBMC proliferation as a non-specific
mitogen. The sample was stored at —80°C. The total amount of
protein in the three antigenic preparations was determined by the
BioRad protein assay (BioRad, Ivry-sur-Seine, France).

Cell cultures

PBMC were isolated from 35 ml heparinized blood of AE patients
and healthy subjects by centrifugation over Ficoll (Eurobio, Les
Ulis, France) gradient as previously described [3]. PBMC were
washed twice using Hanks’ solution (Eurobio) and resuspended at
a concentration of 5 x 10° cells/ml in supplemented RPMI

medium (Eurobio, Les Ulis, France) as described by Sturm et al.
[3]. Cells were cultured at 10° cells in 2 ml of medium with one of
the antigenic preparations or the non-specific mitogen phytohae-
magglutinin (PHA; Biosepra S.A., Villeneuve-la-Garenne,
France), at the optimal concentrations and time length determined
previously [4]. The following concentrations were selected for the
antigenic preparations: 5 ug/culture of Emc antigen, 2-3 ug/
culture of Emf antigen, 3-5 wg/culture of EmAp antigen and
7 pg/culture for the PHA as described previously [4]. Cultures
were incubated at 37°C with 5% CO,.

Lymphocyte proliferation assay

The cells were cultured in 96-well curved-bottom plates
(Polylabo, Strasbourg, France) at 10° cells in 200 wl. Each
antigen and the PHA were tested in triplicate and three wells were
included with no stimulus. The proliferative responses were
assessed by measuring the *H-thymidine (Amersham, Paris,
France) incorporated into DNA [4]. After 96 h of stimulation,
cells were pulse-labelled with 0-5 wCi of *H-thymidine and
harvested onto fibreglass filters (Polylabo) 18 h afterwards. The
incorporated radioactivity was counted in a liquid scintillation
counter. Results are expressed as the mean ct/min of triplicate
samples * s.d.

Cytokine assays

Supernatants of PBMC were collected after 48 h of culture with
PHA and after 72 h of culture with antigens. Supernatants from
cultures which were mitogen- or antigen-free were also studied as
controls. Cytokine productions were measured using commercial
kits for ELISA (Quantikine Immunoassay IL-5 D500, R&D
Systems, Abingdon, UK; 80-3549-00 Predicta R Human IL-10
ELISA kit, 80-3932-00 Human IFNvy Duoset, 80-3933-00 Human
TNFa Duoset, Genzyme, Cambridge, UK). Values < 3-0 pg/ml
for IL-5 and IFN-vy, 5-0 pg/ml for IL-10 and 4-4 pg/ml for TNF
were below the sensitivity of the assays and recorded as 0. Results
were expressed in pg/ml of the cytokine secreted in culture
supernatants.

Detection and measurement of cytokine mRNA by

semiquantitative reverse transcriptase-polymerase chain reaction
PBMC were harvested 24 h after culture whatever the stimulation.
Total mRNA were immediately extracted with Trizol reagent
(GiBco, BRL Life Technologies, Cergy-Pontoise, France) and
stored at —70°C for study of the expression of IL-10, IL-5 and
IFN-y mRNA by reverse transcriptase-polymerase chain reaction
(RT-PCR). cDNA were obtained by reverse transcription. Specific
cDNA sequences were amplified by PCR with a DNA thermal
cycler (Minicycler PTC 150; Prolabo) in the presence of -actin
and cytokine sets of sense and antisense primers as previously
described by Godot et al. [4]. Cytokine mRNA was quantified by
a densitometric technique using the Molecular Imager system (Gel
Doc 1000 UV; BioRad) as described by Godot ef al. [4]. Results
were expressed as a ratio: percentage of cytokine mRNA
expression to 100% of B-actin mRNA expression.

Statistical analysis

The differences between non-stimulated and stimulated cells in
each group were analysed by the non-parametric paired Wilcoxon
signed rank test. Unpaired (Mann—Whitney) tests were used to
compare differences in cytokine secretion and cytokine mRNA
expression by PBMC from DR3" and DR3~ AE patients on the
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one hand, and DR3" and DR3™ control subjects on the other
hand. In both tests, P <0-05 was considered significant.

RESULTS

Proliferation of PBMC was not impaired in any of the four groups
studied, since we observed a significantly elevated lymphocyte
proliferation upon PHA stimulation. Lymphocyte proliferation,
after either antigen or PHA stimulation, was not significantly
different in DR3" and DR3~ AE patients (data not shown).

The basal secretion of IL-10 by PBMC from DR3" AE
patients after 48 h or 72 h of culture without any stimulation was
higher than that observed in DR3~ AE patients and in both control
groups (Fig. 1a). It was not enhanced by PHA stimulation, unlike
IL-10 secretion by PBMC from DR3~ AE patients (P = 0-01) and
DR3" controls (P = 0-01) (Fig. 1a). IL-10 mRNA expression was
markedly induced by PHA in PBMC from DR3™ control subjects
(Fig. 1b). It was always high in patients’ PBMC whatever the
stimulation. IL-10 secretion by PBMC from DR3" AE patients,
stimulated by Emc and Emf antigens, was significantly higher
than that observed in similarly stimulated PBMC from DR3~ AE
patients (Fig. 1a, P = 0-02 and P = 0-03, respectively).

In the two groups of patients, as well as in DR3™ control
subjects, the levels of IL-5 were not significantly elevated upon
PHA exposure (Fig. 2a). Emf and EmAp antigens significantly
induced the secretion of IL-5 in the PBMC culture supernatants
from DR3" AE patients (P = 0-02 and P = 0-04, respectively).
The secretion of IL-5 was significantly enhanced only by EmAp
in PBMC supernatants from DR3~ AE patients (P = 0-04).
Whatever the stimulation, no expression of IL-5 mRNA in PBMC
isolated from the DR3 "™ control subjects was observed, but it was
present in the PBMC from DR3™ control subjects (Fig. 2b). All
antigenic preparations induced a marked IL-5 mRNA expression
in the PBMC from DR3" AE patients, which was always higher
than that observed in PBMC from DR3"~ AE patients and both
groups of controls.

PHA induced a significant increase in IFN-vy secretion by
PBMC from DR3" control subjects (P = 0-02 versus non-
stimulated cells, Fig. 3a). Emf antigen was the most powerful
inducer of IFN-y in both DR3" and DR3~ AE patients’ PBMC
supernatants (P = 0-02 in both cases), while EmAp-related IFN-y
secretion was significant only in DR3~ AE patients (P = 0-04
versus non-stimulated cells). IFN-y mRNA expression was
significantly more enhanced by PHA and Emf in the PBMC from
DR3 ™ AE patients than in those from DR3" AE patients (Fig. 3b,
P = 0-01 and P = 0:-04, respectively).

Without any stimulation, the basal secretion of TNF by PBMC
from DR3" AE patients was spontaneously high, compared with
that of PBMC from all other groups (Fig. 4). However, as for IFN-
v, a differential effect of crude wersus purified antigenic
preparations was observed; a markedly increased production of
TNF was induced by the purified alkaline phosphatase in DR3
patients. A significant increase was observed upon PHA
stimulation in DR3™ healthy subjects (P = 0-03).

DISCUSSION

Larval growth of E. multilocularis varies between, and even
within, strains of rodents or laboratory mice [10]. Many studies
have shown that these differences in sensitivity to E. multi-
locularis might be attributed to differences in the host immune

response: both the course of DTH and the cell subpopulations
which infiltrate the lesions vary in ‘susceptible’ and ‘resistant’
mice [11,12]. It has also been shown that the periparasitic fibrosis
induced by the effector immune response could play a major role
in the ‘resistance status’ [13].

The importance of the host’s genetic background as a
determinant of protective immune responses against infections is
well established [14,15]. Recently it has been suggested that there
was an association between the severity of human AE and genetic
markers of the MHC. A preliminary investigation indicated that
HLA-DR13 might be associated with an increased propensity for
AE development [16]. Eiermann et al. provided evidence that
HLA-DR11 might reduce the risk of developing the disease after
E. multilocularis infection, and that the severe forms of AE were
significantly associated with HLA-DR3 and HLA-DQ?2 in patients
[8]. In this study, we examined the role of MHC class II genes in
selecting Thl- versus Th2-type profile in human AE. The HLA-
DR3, DQ2 and B8 haplotype has been associated with various
autoimmune diseases [17]. The immune status of healthy
individuals with this common haplotype seems characterized by
an impairment in cellular immunity [17-20]. Our results revealed
that, in DR3™ control subjects in vitro IL-10, IL-5, IFN-y and
TNF secretions were significantly enhanced upon PHA exposure.
However, after PHA stimulation a lower production of Th2-type
cytokine was observed in PBMC from the DR3™ control group. In
DR3 " AE patients, PBMC stimulation with both crude extract and
vesicular fluid antigens (the less purified antigenic preparations)
promoted high IL-10, IL-5 and TNF secretion levels, but also
elevated levels of IFN-vy. Conversely, PBMC isolated from DR3™
AE patients, and stimulated with the purified alkaline phosphatase
of E. multilocularis, produced high levels of IL-10 and IL-5, but
no increase in IFN-y and TNF. This could be due to the presence
of a mixture of epitopes with dual effects on MHC—peptide T cell
interactions in the less purified antigenic preparations, even
though, like Emf Ag, they were not contaminated by host
antigens. The alkaline phosphatase of the parasite is an antigen
particularly involved in the humoral immune response against E.
multilocularis [21]; it could belong to those parasitic antigens able
to drive the cytokine profile towards the Th2-type, and thus could
participate in the evasion mechanisms.

The current study revealed that DR3 ™ patients secreted higher
levels of IL-10 without stimulation, and after antigenic stimula-
tion, than did DR3™ patients. It is interesting to note that, in a
parallel study, no IL-10 secretion was observed by non-stimulated
PBMC obtained from AE patients with abortive lesions and, after
PHA and E. multilocularis antigen exposure, their IL-10
production was significantly lower than in AE patients with
active lesions [7]. Our findings seem thus to confirm the role of
IL-10 in the progression of human AE and suggest that the
influence of the host’s genetic background on the immunopathol-
ogy of the infection could be partially mediated by IL-10, known
to be one of the major anti-inflammatory cytokines implicated in
tolerance and used as a therapeutic agent because of its effects on
antigen presentation, cell co-operation and effector cell functions
[22,23]. An elevated production of IL-10 was similarly observed
in systemic lupus erythematosus, a disease typically associated
with the HLA DR3, DQ2 haplotype [24].

Many studies have reported the efficacy of the proinflamma-
tory cytokine TNF against pathogens, particularly parasites [25—
28]. In some cases disease was also associated with the detection
of TNF in serum [29]. Elevated secretion of TNF in normal
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Fig. 1. Secretion of IL-10 (a) and IL-10 mRNA expression (b) in peripheral blood mononuclear cell (PBMC) cultures. IL-10 protein and
mRNA levels were assessed in PBMC cultures from alveolar echinococcosis (AE) patients and healthy subjects with or without the HLA-
DR3, DQ2, B8 haplotype, after cell stimulation with phytohaemagglutinin (PHA) or Echinococcus multilocularis antigens. Cultures without
any stimulation served as controls. (a) Cytokine secretion was measured using an ELISA assay. Values are means = SEM. (b) IL-10 mRNA
expression was semiquantified by densitometric analysis after polymerase chain reaction amplification of cDNA with specific primer pairs.
Results are expressed as arbitrary units as described in Patients and Methods. *P < 0-05: statistically significant difference for cytokine
protein or cytokine mRNA level between non-stimulated and stimulated cells in each group (Wilcoxon signed rank test); **P < 0-05:
statistically significant difference for cytokine protein or mRNA level between cell cultures from DR3* and DR3~ AE patients (Mann—
Whitney U-test). Control medium, no stimulation; Emc Ag, stimulation with the crude extract antigen of E. multilocularis; Emf Ag,
stimulation with the vesicular fluid purified antigen; EmAp Ag, stimulation with the alkaline phosphatase of E. multilocularis; PHA,
stimulation with the non-specific mitogen, phytohaemagglutinin.
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Fig. 2. Secretion of IL-5 (a) and IL-5 mRNA expression (b) in peripheral blood mononuclear cell (PBMC) cultures. IL-5 protein and mRNA
levels were assessed in PBMC cultures from alveolar echinococcosis (AE) patients and healthy subjects with or without the HLA-DR3,
DQ2, B8 haplotype, after cell stimulation with phytohaemagglutinin (PHA) or Echinococcus multilocularis antigens. Cultures without any
stimulation served as controls. (a) Cytokine secretion was measured using an ELISA assay. Values are means * s.e.m. (b) IL-5 mRNA
expression was semiquantified by densitometric analysis after polymerase chain reaction amplification of cDNA with specific primer pairs.
Results are expressed as arbitrary units as described in Patients and Methods. *P < 0-05: statistically significant difference for cytokine
protein or cytokine mRNA level between non-stimulated and stimulated cells in each group (Wilcoxon signed rank test); **P < 0-05:
statistically significant difference for cytokine protein or mRNA level between cell cultures from DR3™ and DR3~ AE patients (Mann—
Whitney U-test). Control medium, no stimulation; Emc Ag, stimulation with the crude extract antigen of E. multilocularis; Emf Ag,
stimulation with the vesicular fluid purified antigen; EmAp Ag, stimulation with the alkaline phosphatase of E. multilocularis; PHA,
stimulation with the non-specific mitogen, phytohaemagglutinin.
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Fig. 3. Secretion of IFN-vy (a) and IFN-y mRNA expression (b) in peripheral blood mononuclear cell (PBMC) cultures. IFN-y protein and
mRNA levels were assessed in PBMC cultures from alveolar echinococcosis (AE) patients and healthy subjects with or without the HLA-
DR3, DQ2, B8 haplotype, after cell stimulation with phytohaemagglutinin (PHA) or Echinococcus multilocularis antigens. Cultures without
any stimulation served as controls. Cytokine secretion was measured using an ELISA assay. Values are means * s.e.m. IFN-y mRNA
expression was semiquantified by densitometric analysis after polymerase chain reaction amplification of cDNA with specific primer pairs.
Results are expressed as arbitrary units as described in Patients and Methods. *P < 0-05: statistically significant difference for cytokine
protein or cytokine mRNA level between non-stimulated and stimulated cells in each group (Wilcoxon signed-rank test); **P < 0-05:
statistically significant difference for cytokine protein or mRNA level between cell cultures from DR3* and DR3™ AE patients (Mann—
Whitney U-test). Control medium, no stimulation; Emc Ag, stimulation with the crude extract antigen of E. multilocularis; Emf Ag,
stimulation with the vesicular fluid purified antigen; EmAp Ag, stimulation with the alkaline phosphatase of E. multilocularis; PHA,
stimulation with the non-specific mitogen, phytohaemagglutinin.
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Fig. 4. Secretion of tumour necrosis factor (TNF) in peripheral blood mononuclear cell (PBMC) cultures. TNF protein was assessed in
PBMC cultures from alveolar echinococcosis (AE) patients and healthy subjects with or without the HLA-DR3, DQ2, B8 haplotype after
cell stimulation with phytohaemagglutinin (PHA) or Echinococcus multilocularis antigens. Cultures without any stimulation served as
controls. Cytokine secretion was measured using an ELISA assay. Values are means * s.e.m. *P < 0-05: statistically significant difference
for cytokine protein level between non-stimulated and stimulated cells in each group (Wilcoxon signed-rank test); 7P << 0-05: statistically
significant difference for cytokine protein level between cell cultures from DR3* and DR3™ healthy control subjects (Mann—Whitney U-
test). Control medium, no stimulation; Emc Ag, stimulation with the crude extract antigen of E. multilocularis; Emf Ag, stimulation with the
vesicular fluid purified antigen; EmAp Ag, stimulation with the alkaline phosphatase of E. multilocularis; PHA, stimulation with the non-

specific mitogen, phytohaemagglutinin.

subjects seems to be associated with HLA-DR3 expression.
Abraham et al. reported a significantly higher production of TNF
in DR3™ than in DR3™ individuals and this difference was also
observed in our control subjects [30]. In all AE patients with
active lesions, macrophages located at the extreme periphery of
the periparasitic granuloma expressed TNF mRNA, whereas this
expression was detected at the border of the parasitic vesicle only
in the lesions from a patient with a more severe form of the
disease, in macrophages exhibiting the CD11~ CD25" phenotype
[31]. This suggests that the periparasitic liver necrosis could be
favoured by activated TNF-producing cells. However, Amiot et al.
[32] have observed that Lymphotoxin-TNF-deficient mice
infected by E. multilocularis harboured a significantly higher
parasite burden than did the wild-type mice, suggesting a major
effector role for this cytokine. We observed a spontaneously
elevated secretion of TNF in non-stimulated PBMC from DR3™
patients, which could not be further increased upon antigen or
PHA stimulation. In severe cases of human AE, many clinical
symptoms such as fever, wasting, cachexia, fatigue, and extended
hepatic tissue necrosis suggest a role for TNF. Our findings seem
to support this role, but this does not preclude a protective
function which, at the initial stages of larval development, could
be beneficial to the host.

Although the biochemical mechanisms mediated by IL-10 and
TNF in severe AE have not yet been fully identified, this study
provides evidence that HLA-B8, DR3, DQ2 could be a host
property which might influence the course of AE in humans
through immune-mediated mechanisms.
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