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SUMMARY

The role of specific B lymphocytes and T-cell populations in the control of experimental Ech-

inococus multilocularis infection was studied in lMT, nude, T-cell receptor (TCR)-b– ⁄–, major

histocompatibility complex (MHC)-I- ⁄- and MHC-II- ⁄- mice. At 2 months postinfection, the

parasite mass was more than 10 times higher in nude, TCR-b- ⁄-
and MHC-II

- ⁄-
mice than in

infected C57BL/6 wild-type (WT) mice, and these T-cell-deficient mice started to die of the high

parasite load at this time-point. In contrast, MHC-I- ⁄- and lMT mice exhibited parasite

growth rates similar to those found in WT controls. These findings clearly point to the major

role that CD4+ ab+ T cells play in limiting the E. multilocularis proliferation, while CD8+

T and B cells appeared to play a minor role in the control of parasite growth. In the absence of

T cells, especially CD4+ or ab+ T cells, the cellular immune response to infection was

impaired, as documented by the lack of hepatic granuloma formation around the parasite and by

a decreased splenocyte responsiveness to concanavalin A (Con A) and parasite antigen stimu-

lation. Surprisingly, in T-cell-deficient mice, the ex vivo expression of interferon-c (IFN-c) and

other inflammatory cytokines (except for interleukin-6) were increased in association with a

high parasite load. Thus, the relative protection mediated by CD4+ ab+ T cells against

E. multilocularis infection seemed not be IFN-c dependent, but rather to rely on the effector’s

function of CD4
+ ab+ T cells. The local restriction of parasite germinal cell proliferation was

reflected by a regulatory effect on the expression of 14-3-3 protein within the parasite tissue in

T-cell-deficient mice. These results provide a strong indication that the CD4+ ab+ T-cell-

mediated immune response contributes to the control of the parasite growth and to the regu-

lation of production of the parasite 14-3-3 protein in metacestode tissues.
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INTRODUCTION

Alveolar echinococcosis (AE) is a severe parasitic disease
caused by the intrahepatic growth of the metacestode
(larval) stage of Echinococcus multilocularis.1 Tumour-like

growth of the metacestode results in clinical symptoms

similar to hepatic carcinoma. The natural life cycle of
E. multilocularis involves mainly rodents, but occasionally
humans, as an intermediate host, both becoming infected

through the ingestion of tapeworm eggs and the subse-
quent development of the metacestode (primary infection).
Extensive experimental studies have been carried out in

laboratory rodents infected via intraperitoneal inocula-
tion of metacestode vesicles (secondary infection). The
metacestode consists of an inner, germinal layer, and an
outer, acellular carbohydrate-rich laminated layer (LL).

Recently, it was shown that infected immuncompetent
C57BL ⁄6 mice failed to clear infection, even when infected
with a minimal infectious dose consisting of a single
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E. multilocularis metacestode vesicle.2 An intact LL is
required to allow the parasite to survive.2,3 Therefore, the
LL appears to play an important role in protecting the
parasite and allowing it to establish a chronic infection,

while the germinal layer represents the living parasite
tissue and is responsible for the infiltrating growth and
proliferation of the parasite.1

Despite the failure of immune clearance upon secon-
dary infection with parasite units protected by an intact
LL, the involvement of cellular immunity in controlling

the metacestode growth kinetics is strongly suggested by
the intense granulomatous infiltration observed around
the hepatic parasite lesions. This is observed in experi-

mental mouse models,4,5 as well as in infected patients.6

As early as 1992, the group of Kamiya et al. presented
evidence that athymic nude and severe combined immuno-
deficiency (SCID) mice exhibited a high susceptibility to

infection, thus suggesting that the host immune response
plays an important role in suppressing larval growth.7,8

Furthermore, the role of an immune response in the

control of AE in human patients has been substantially
demonstrated by the rapid, fatal outcome of the infection
in a human immunodeficiency virus (HIV) co-infected

immunodeficient patient.9 Nevertheless, the definitive
biological significance of ab+ T cells, CD4+ and CD8+ T
cells, and of B cells, in modulating the growth behavior of
E. multilocularis, is still poorly understood. Moreover, we

do not know whether the immune response-mediated
restriction of parasite growth is related to – or even based
upon – affecting regulative molecule expression, especially

within the proliferative parasite germinal layer. In this
respect, recent molecular studies have focused on the 14-3-3
protein family of E. multilocularis, which putatively plays

a role in the progressively infiltrative growth of the
parasite.10 It is known that various members of the 14-3-3
protein family act as key molecules in the progression of

cell differentiation and proliferation, cell cycle control and
apoptotic cell death.11 An alternative expression of 14-3-3
genes is found in several neoplastic cell lines, which indi-
cates that the 14-3-3 proteins are involved in the pro-

gressive growth of tumour cells.12,13 In E. multilocularis
infection, the 14-3-3 gene is specifically hyper-expressed at
the metacestode stage, the proteins predominantly local-

izing in the germinal layer.10 This high-level expression
was associated with the fast progressive growth
of E. multilocularis metacestodes, while in the slowly

growing E. granulosus hydatid cyst, as in the adult stage
of E. multilocularis, the expression of the 14-3-3 protein
remained low.14

In the present study we used mutant mice, with defined

T- and B-cell deficiencies, to investigate the relative
importance of humoral and cellular immunity, and to
specifically tackle the role of B cells, CD4+, CD8+ and ab+

T cells, in modulating the course of an E. multilocularis
infection. We further addressed the immune response in
these mutant mice, as well as the relationship between

specific immune deficiencies and respective 14-3-3 protein
expression levels in the parasite tissue.

MATERIALS AND METHODS

Mice
Female, 8–10-week-old C57BL ⁄6 mice and athymic nude
mice (C57BL ⁄6 background) were purchased from the

Biotechnology & Animal Breeding Division, Füllinsdorf,
Switzerland. The lMT mice were provided by Professor H.
Hengartner (University of Zürich, Zürich, Switzerland).

The major histocompatibility complex (MHC)-II I-Ab– ⁄–

mice (selectively deficient for mature CD4+ T cells), the
MHC-I b2-m– ⁄– mice (deficient for CD8+ T cells) and the

T-cell receptor (TCR)-b– ⁄– mice (devoid of TCR-ab T cells)
were provided by Dr H. Mossmann (Max-Planck Institute
for Immunobiology, Freiburg, Germany). All T- and

B-cell-deficient mouse strains had been backcrossed to
C57BL ⁄6 (H-2b) mice. In all experiments, animals were
matched for age and weight. All mice were raised, housed
and treated according to the rules of the Swiss regulations

for animal experimentation.

Parasite and infection of mice
The parasite isolate used in this study was derived from the
cloned E. multilocularis isolate, KF5.2,3 The mutant mice
with defined T- or B-cell deficiencies, and corresponding

wild-type control mice, were injected intraperitoneally with
either 100 freshly prepared metacestode vesicles suspended
in 100 ll of RPMI-1640,3 or with one single vesicle per

mouse.2 Control mice received an appropriate volume of
RPMI-1640.

Histology
Infected mice were killed by exposure to CO2. Livers con-
taining metacestode tissue were removed by dissection.

Samples of livers with grossly visible white foci or parasite
vesicles were fixed in 4% neutral-buffered formalin and
embedded in paraffin. Haematoxylin and eosin (H & E)-

stained slides were used for the assessment of inflammatory
lesions by light microscopy.

Cell cultures and lymphocyte proliferation assays
Spleen cell suspensions were prepared from infected or non-
infected mice, as described previously.3 Splenocytes were

resuspended in RPMI-1640 containing 10% heat-inacti-
vated fetal calf serum (FCS; Gibco, Basel, Switzerland),
2 mm l-glutamine, 0Æ05 mm 2-mercaptoethanol, 100 U ⁄ml

penicillin and 100 lg ⁄ml streptomycin (Gibco). Spleen cells
were cultured in 96-well round-bottom plates at 2 · 105

cells per well. Cells were stimulated with concanavalin A
(Con A) (2 lg ⁄ml; Sigma Chemical Co., Basel, Switzerland)

for 72 hr, or with crude parasite VF-antigen (10 lg ⁄ml of
protein and 2Æ1 lg ⁄ml of carbohydrate) for 96 hr, or were
left unstimulated as negative controls. The antigens were of

the same batches, as previously reported.3 Cells were pulsed
with 1 lCi ⁄well of [3H]thymidine (NEN, Boston, MA) and
harvested 16–18 hr later. The results were calculated on the

basis of mean counts per minute (c.p.m.) of quadruplicate
wells. The set up of test parameters and test validation were
as previously described.3
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Semiquantification of cytokine transcripts by competitive
reverse transcription–polymerase chain reaction (RT–PCR)
Total cellular RNA was isolated by the single-step guan-
idinium thiocyanate procedure using TRIZOL� Reagent

(Gibco). RNAs were reverse transcribed and the cDNA
used for competitive PCR, as described previously.15,16 In
brief, constant amounts of cDNA (40 ng) were amplified

using the different cytokine PCR primers.16 The competitor
plasmids, pMUS and pNIL, were diluted fourfold, in nine
dilution steps, from a concentration of 3Æ73 ng ⁄ml (1 · 106

molecules, diluted up 2Æ5 · 105 to approximately 1 mole-
cule) and added to the target DNA. Relative quantification
of cDNA was carried out by calculating how many mole-

cules of competitor were required at the beginning of the
PCR to obtain equal amounts of target and competitor
amplification products. The cDNA was first standardized
to equal concentrations of the housekeeping gene,

b2-microglobulin. PCR reactions were performed in 35
cycles, as follows: 20 seconds at 94�, 20 seconds at 56� and
30 seconds at 72�.

Immunoblotting
Expression of the gene encoding 14-3-3 was evaluated in

E. multilocularis metacestodes isolated from C57BL ⁄6 wild
type (WT) and nude mice total parasite extracts, obtained
as described previously.3 The protein concentration in

parasite extracts was evaluated using the Bradford meth-
od.10 Total extracts were subjected to sodium dodecyl sul-
phate–polyacrylamide gel electrophoresis (SDS–PAGE) in

12Æ5% gels, in which four samples from each origin (i.e.
from WT, nude, TCR-b– ⁄– or MHC-II– ⁄– mice) were loaded
in homogeneous final concentrations of 10 lg of protein

per lane for each individual sample. Subsequently, separ-
ated proteins were transferred onto nitrocellulose mem-
branes. These were incubated with a polyclonal specific
antibody against E. multilocularis 14-3-3, which was pre-

viously affinity-purified from an anti-E14t hyperimmune
mouse serum on the recombinant E14t protein, as described
previously.10 The immunoblot reaction was completed by

incubation with an alkaline phosphatase-conjugated mouse
IgG, and developed as described previously.10 The intensity
of the immunoreactive-specific band, in each parasite

extract, was measured by densitometry.

RESULTS

Recovered parasite masses from T- and B-cell-deficient mice

To define the potential role of B cell, CD4+, CD8+ and

ab+ T cells in modulating the degree of resistance against
E. multilocularis infection, the lMT, nude, MHC-II– ⁄–

(CD4-deficient), MHC-I– ⁄– (CD8-deficient) and TCR-b– ⁄–

mice, as well as the WT C57BL ⁄6 controls, were infected
intraperitoneally with 100 vesicles (high dose) or with a
single parasite vesicle (low dose). The metacestode tissues

were isolated from the peritoneal cavity and from the liver
at various time-points postinfection (p.i.). The total parasite
mass was weighed after careful removal of any adjacent
host tissue. As shown in Table 1, following infection with

100 vesicles, the parasite masses were comparable in lMT-
and WT-infected mice at 1 month p.i. and not significantly
increased at 2 months p.i. These data indicate that B cells
and antibody production appear to play a minor role in the

control of parasite growth. Moreover, the MHC-I– ⁄–

showed growth characteristics of E. multilocularis similar to
those of the WT controls at 2 months p.i., as shown by

comparable parasite masses.
Conversely, the parasite masses were significantly

increased in TCR-b– ⁄– and MHC-II– ⁄– mice at 1 month p.i.

At 2 months p.i., nude, TCR-b– ⁄– and MHC-II– ⁄– mice
started to die as a result of very high parasite loads and
diffuse dissemination to, and invasion into, adjacent host

organs. The parasite masses in nude, TCR-b– ⁄– and MHC-
II– ⁄– mice were significantly (more than 10-fold) increased
when compared to those in C57BL ⁄6WT mice. To exclude
potential quantitative and qualitative intertest differences,

which may occur after high-dose (100 vesicles) inoculation,
mice were also infected with single vesicles (minimal dose)
obtained from the same original culture. Following single

parasite vesicle infection, nude mice exhibited parasite
masses that were more than 15 times higher than those in
WT mice at 2 months p.i. Together, these data proved the

crucial role of T cells – especially CD4+ ab+ T cells – in
the acquired resistance to E. multilocularis infection.

Granuloma formation in E. multilocularis-infected

T- and B-cell-deficient mice

In all T-cell-deficient mice (15 nude mice, 10 TCR-b– ⁄– and
MHC-II– ⁄– mice) a marked metastatic dissemination of the

intraperitoneal metacestode into various different host
organs was observed after only 1 month of infection,
including a strong infiltration into the liver, while only six

out of 15 C57BL ⁄6 WT and lMT mice, and eight out of 10
MHC-I– ⁄– mice, exhibited parasitic lesions in the liver.

Table 1. Infection of B- and T-cell deficient mice with a single

vesicle or with 100 vesicles per intraperitoneal (i.p.) injection

100 vesicles Single vesicle

PW, 1 month PW, 2 months PW, 2 months

C57BL ⁄6WT 148Æ8 ± 53Æ0 1040 ± 648 25 ± 18Æ3
lMT 147Æ3 ± 29Æ3 1546 ± 524Æ8 ND

Nude 255Æ8 ± 178Æ2 14 840 ± 2728** 3750 ± 456**

TCR-b KO 802Æ2 ± 254Æ6* 11 720 ± 984** ND

MHC-II KO 352Æ8 ± 107Æ9* 13 750 ± 6125** ND

MHC-I KO ND 1075 ± 375 ND

C57BL ⁄6WT, B- and T-cell-deficient mice (five per group) were infected

with a single vesicle or with 100 vesicles for a period of 1 or 2 months. The

metacestodes were collected from the peritoneal cavity and liver, the parasite

mass was determined for each individual mouse and the data presented refer

to the mean of each group. Results from one out of three experiments with

lMT and nude mice, and one out of two experiments concerning the other

T-cell-deficient mice are listed, in order to document intratest variation, but

to avoid intertest variation.

KO, knockout; MHC-, major histocompatibility complex; PW, parasite

weight (in mg); TCR-, T-cell receptor.

*P< 0Æ05 (Students t-test); **P< 0Æ01 (Students t-test).
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Some TCR-b– ⁄– and MHC-II– ⁄– mice had more than one
parasitic lesion in the liver; thus, 13 sections from 10 TCR-
b– ⁄– mice and 12 sections from 10 MHC-II– ⁄– mice could be
investigated (Table 2). In livers of WT controls, a gra-

nulomatous inflammation with multinucleated giant cells
and a marked fibrosis was consistently observed around
parasite cysts by day 30 p.i. Granulomatous lesions also

developed in lMT and MHC-I– ⁄– mice (Fig. 1). In con-
trast, livers of E. multilocularis-infected nude, TCR-b– ⁄–

and MHC-II– ⁄– mutants were virtually devoid of granulo-

matous lesions and fibrosis by day 30 (Fig. 1), and also day
60, p.i. (data not shown).

The most conspicuous lesions were detected in WT,

lMT and MHC-I– ⁄– mice (Fig. 1). The parasites were
surrounded by massive layers of granulation tissue with
numerous macrophages and multinucleated giant cells,
numerous neutrophils and fewer lymphocytes, plasma cells

and eosinophils. There was also a multifocal infiltration of
neutrophils and eosinophils in the parenchyma and in the
portal triads. A considerable number of lymphocytes

and plasma cells were also present in the portal triads of
MHC-I– ⁄– and wild-type mice. No plasma cells were
detected in lMT mice.

The most striking difference to the lesions described
above was detected in TCR-b– ⁄–, nude and MHC-II– ⁄–

mice, where virtually no granulomatous inflammation was
detected. Exceptionally, a small zone of granulomatous

inflammation with a few giant cells surrounded the parasite
in the liver of one out of 15 sections from nude mice
(Table 2), which may have been caused by incomplete

deficiencies of T cells in nude mice. Furthermore, there were
neither plasma cells nor eosinophils in the inflammatory
infiltrate of TCR-b– ⁄– mice. Finally, plasma cells were

neither detected in nude nor in MHC-II– ⁄– mice. Thus, our
data confirm the essential role of CD4+ ab+ T helper cells
in the formation of peri-parasitic granuloma and point to a

minor function of CD8+ T cells and B cells in the host–
parasite interplay. Furthermore, the absence of parasite
granuloma correlated with high parasite masses and more
disseminated parasite foci in the liver of nude, TCR-b– ⁄–

and MHC-II– ⁄– mutant mice, which confirms the important
role of local granuloma formation in the control of parasite
growth and dissemination.

Splenocyte proliferation in response to Con A and

antigen stimulation in T- and B-cell-deficient mice

To assess the lymphocyte functions of different B- and

T-cell-deficient mice and C57BL ⁄6 WT mice – with or
without E. multilocularis infection – the respective spleno-
cytes were stimulated in vitro with Con A and parasite

protein VF antigen. For these experiments, spleen cells were
isolated from mice infected for 1 month. As shown in
Fig. 2, the cellular proliferation in response to Con A

and parasite-specific VF antigen was impaired in nude,
MHC-II– ⁄– and TCR-b– ⁄– mice. In contrast, the cellular
proliferation of lMT and MHC-I– ⁄– mice, in response to
Con A, was comparable to the responses of WT mice. The

decreased proliferation in response to VF antigen stimula-
tion in MHC-I– ⁄– mice, similarly to the MHC-II– ⁄– mice,
indicated that the parasite antigen could stimulate both

CD8+ and CD4+ T-cell proliferation.

Table 2. Granuloma formation in liver tissues of T- or B cell-

deficient mice after infection with Echinococcus multilocularis

No. of

granuloma ⁄section ⁄mouse Fibrosis ⁄section ⁄mice

BL ⁄6WT 6 ⁄6 ⁄15 6 ⁄6 ⁄15

lMT 6 ⁄6 ⁄15 6 ⁄6 ⁄15

Nude 1 ⁄15 ⁄15 0 ⁄15 ⁄15

TCR-b KO 1 ⁄13 ⁄10 0 ⁄13 ⁄10

MHC-II KO 0 ⁄12 ⁄10 1 ⁄12 ⁄10

MHC-I KO 7 ⁄8 ⁄10 6 ⁄8 ⁄10

Sections of livers from C57BL ⁄6 WT, B- and T-cell-deficient mice con-

taining E. multilocularis metacestode. The periparasitic granuloma and

fibrosis were detected by haematoxylin & eosin staining, and herewith pre-

sented as ‘positive’ number(s) ⁄ total number of section examined ⁄number

of mice in reference to the different groups.KO, knockout; MHC-, major

histocompatibility complex; TCR-, T-cell receptor.
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Figure 1. Inflammatory reaction to hepatic infection with Echino-

coccus multilocularis metacestode (visualized by haematoxylin and

eosin-stained histology) at day 30 postinfection. A marked gra-

nulomatous inflammation, with occasional multinucleated giant

cells and a marked fibrosis, was detected around parasite cysts in

C57BL ⁄6 WT, lMT, and MHC-I– ⁄– mice. Only a mild inflam-

matory reaction, with virtually no macrophages and no detectable

fibrosis, was present in nude, TCR-b– ⁄– or MHC-II– ⁄– mice. The

section numbers of each mouse strain analysed are listed in

Table 2. L, intact liver tissue; F, fibrosis with variable numbers of

neutrophilic and eosinophilic granulocytes; P, parasite laminated

and germinal layer. The arrows indicate a multinucleated giant cell

in a layer of macrophages adjacent to the parasite.

� 2004 Blackwell Publishing Ltd, Immunology, 112, 481–488

484 W. J. Dai et al.



Cytokine expression in the peritoneal exudate cells (PECs)

of T-cell-deficient mice ex vivo

To further analyse the cell-mediated immune responses
following E. multilocularis infection in T-cell-deficient mice,

the cytokine expression at the infection locus (peritoneum)
was analysed by semiquantitative RT–PCR.

The parasite infection localized primarily in the perito-

neum, which resulted in a significant cellular infiltration
(predominantly Mac-1+ cells) into the peritoneum.3,6

We analysed the cytokine expression, in recovered PECs

ex vivo, of uninfected and 1-month-infected nude and
C57BL ⁄6 WT control mice (Fig. 3). Consistent with the
findings of previous studies, parasite infection resulted in an

increased expression of interleukin (IL)-4 and inflammatory
cytokines, including interferon-c (IFN-c), IL-1b, IL-6,
tumour necrosis factor-a (TNF-a) and inducible nitric oxide
synthase (iNOS) in C57BL ⁄6 mice. As expected, the PECs

of T-cell-deficient mice did not express the T-cell cytokine,
IL-2. IL-4 expression was similar in infected nude and
C57BL ⁄6 mice. Interestingly, the expression of IL-12 and

IFN-c in the PECs of infected nude mice was significantly
increased in association with an increased expression of the
inflammatory cytokines IL-1b, TNF-a and iNOS, when

compared to those of infected WT mice. The PECs of
infected MHC-II– ⁄– and TCR-b– ⁄– mice also expressed
increased levels of IFN-c, IL-12, IL-1b, TNF-a and iNOS
when compared with infected C57BL ⁄6 WT control mice

(data not shown). These data indicate a non-T-cellular
source of IFN-c and IL-4 in T-cell-deficient nude mice
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Figure 2. Lymphocyte proliferation upon stimulation in vitro with

concanavalin A (Con A) and parasitic VF antigen. C57BL ⁄6 WT,

lMT, nude, TCR-b– ⁄–, MHC-II– ⁄– and MHC-I– ⁄– mice (five mice

per group) were infected intraperitoneally with 100 metacestode

vesicles. The proliferative responses to Con A (black bars) and VF

antigen (hatched bars) stimulation of pooled spleen cells from

1-month-infected mice were determined in two independent

experiments providing identical results (data shown from one

representative experiment). Cellular proliferation in response to

both Con A and VF-antigen stimulation was impaired in nude,

MHC-II– ⁄– and TCR-b– ⁄– mice when compared with WT mice.

The proliferative response to VF-antigen stimulation was also

impaired in MHC-I– ⁄– mice. *Statistically significant difference

between cell-deficient and WT mice.
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Figure 3. Cytokine mRNA levels in peritoneal exudate cells (PECs) – isolated from uninfected (white bars) and 1-month-

infected (black bars) C57BL ⁄6 WT and nude mice (five mice per group) – were determined by semiquantitative competitive

reverse transcription–polymerase chain reaction. Cytokine transcripts were standardized to the levels of b2-microglobulin

transcripts and quantified by using fourfold dilutions of the competitive plasmid, pMUS. The results are presented as relative

transcription units (cytokine mRNA levels ⁄b2-microglobulin mRNA level). Data show one representative out of three

independent experiments with nude mice. Identical patterns were found in one experiment performed with MHC-II– ⁄– and

one with TCR-b– ⁄– mice. c.p.m., counts per minute.
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following an E. multilocularis infection, and an increased
inflammatory response in T-cell-deficient mice in associ-
ation with a higher parasite load.

Evaluation of 14-3-3 expression in E. multilocularis

metacestodes recovered from WT and T-cell-deficient mice

Immune control of E. multilocuaris metacestode prolifer-

ation might include the regulative manipulation of parasite
protein synthesis within the germinative metacestode com-
partment. In this respect, we addressed the expression levels

of 14-3-3 protein as a putative marker for the parasite
growth kinetics in T-cell-deficient versus WT mice. Semi-
quantification was approached by measuring the specific

band intensity by immunoblot in several parallel samples.
For comparative purposes, an arbitrary value of 1Æ0
was assigned to the intensity corresponding to the specific
14-3-3 band in the parasite isolated from the WT mouse

number 1. The results shown in Fig. 4 demonstrate that the
metacestodes isolated from nude mice contained approxi-
mately double the amount of 14-3-3 protein than those

isolated from WT mice. TCR-b– ⁄– mice exhibited a similar

increase in 14-3-3 protein expression when compared with
WT mice (data not shown).

DISCUSSION

The participation of immunological events in the control of
AE has been strongly supported by the unusually rapid
proliferation of the parasite in immunodeficient SCID mice

as well as in an AE patient co-infected with HIV.8,9

Immunosuppressive therapy after liver transplantation in
AE patients may favour larval growth.17 However, the role

of individual cell subsets of the immune system in the
control of parasite growth is still unknown. By using gen-
etically mutant mice, deficient in specific B- or T-cell sub-

sets, we demonstrated that the CD4+ ab+ T-cell-mediated
cellular immunity appears to be essential for the resistance
against E. multilocularis infection.

B-cell and antibody-mediated responses are important in

protection, especially against extracellular bacteria. During
infection with an extracellular metazoan parasite, such as
E. multilocularis, the respective contributions of B cells and

antibodies have not yet been clearly determined.1 Immuno-
competent patients and mice with AE both respond to
infection with a marked multiclonal production of anti-

bodies against protein and carbohydrate antigens.3,18 To
date, parasite-specific antibodies have not been shown to
exhibit any direct restricting role on the growth of an
established metacestode. In the present experiments, the

absence of functional B cells, and thus antibody produc-
tion, in lMT mice, appeared to render them no more sus-
ceptible to parasite proliferation than WT mice, which

confirmed the minor role of B cells and antibody produc-
tion in the defence against secondary infection with intact
metacestode vesicles. However, if the mature metacestode

loses its protection by the shielding carbohydrate-rich
laminated layer, rendering the germinal layer accessible to,
i.e. antibodies, then the immune system will regain the

potential to kill the parasite.2

It has been shown that elevated numbers of activated
CD8+ T cells are present in the peripheral blood during the
chronic state of infection.19 Crude unfractionated protein

antigen pulsed with dendritic cells can stimulate autologous
CD8+ lymphocyte proliferation in vitro.20 Our prolifer-
ation data in MHC-I-deficient mice also indicated that the

parasite antigen (VF) stimulated CD8+ T-cell proliferation.
However, the functional role of these multiclonally prolif-
erating and activated CD8+ T cells have not yet been elu-

cidated. On the other hand, the CD8+ lymphocytes may
contribute to the immunsuppression phenomenon investi-
gated in AE.21 There was a definite increase in the expres-

sion of IL-10 in CD8+ lymphocytes from AE patients.22

Our present data point to a minor role of CD8+ T cells in
the murine immune defence against secondary infection
with intact metacestode vesicles. The LL, with its impres-

sive high-molecular-weight carbohydrate matrix, may pre-
sent a natural barrier preventing the direct cytotoxic effect
of CD8+ T cells. The potential bilateral effects of CD8+

lymphocytes (immune protective versus suppressive effect)
in AE need to be further characterized.

WT1 N1 WT1 N1

Coomassie Anti-14-3-3
(a)

(b)

P < 0·01AU

0

0·5

1

1·5

2

2·5

3

WT Nude

*

Figure 4. The Coomassie-stained gel and immunoblot (a) represent

one out of four samples for WT and nude (N) mice, respectively.

The arrow indicates the 14-3-3 specific reactivity in the immuno-

blot. Identical results were achieved with samples collected from

infected MHC-II– ⁄– and TCR-b– ⁄– mice (data not shown).

Immunoblotting was performed with affinity-purified mouse

anti(rec)14-3-3 immunoglobulin and in vivo-expressed 14-3-3

protein. Immunoblot results were semiquantitatively assessed by

densitometry (b), bars representing the mean value ± 2 standard

deviations (SD) of AU (arbitrary antibody units) of samples from

four WT and four nude mice. *Statistically significant differences

(P < 0Æ01).
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In contrast to MHC-I– ⁄– mice, the TCR-b– ⁄– and MHC-
II– ⁄– (CD4-deficient) animals were highly susceptible to
infection, similarly to nude mice. These data highlight the
crucial role that CD4+ ab+ T cells seem to play during

the immunological control of parasite growth. Usually, the
IFN-c-dependent T helper 1 cell-mediated mechanisms
contribute to the control of infection with intracellular

pathogens.15 Based on in vitro and some in vivo studies, T
helper 2-dominated immunity is associated with increased
susceptibility to disease, while T helper 1 cell activation is

assumed to induce protective immunity in AE.23–26

Surprisingly, E. multilocularis infec-tion resulted in an
increased expression of IL-12 and IFN-c in peritoneal cells

of T-cell-deficient mice (i.e. in those cells that have the
potential to directly contact the parasite). The IFN-c sig-
nalling was associated with an increased inflammatory
response, reflected by elevated levels of TNF-a, IL-1b and

iNOS. These findings indicate that T cells do not represent
the major source of IFN-c during infection with E. multi-
locularis in T-cell-deficient mice. IFN-c is well known to be

produced by T cells and natural killer (NK) cells. Some
recent studies indicated that antigen-presenting cells,
include dendritic cells and macrophages, are potent IFN-c-

producing cells.27,28 The potential cellular source of IFN-c
in T-cell-deficient mice will have to be addressed in future
experiments. Moreover, the high parasite load found in
nude, MHC-II– ⁄– and TCR-b– ⁄– mice, together with a

strong inflammatory response, suggests that the failure of
immunological control in T-cell-deficient mice is not
dependent on the IFN-c signalling pathway and the type 1

inflammatory cytokine production. These findings are
similar to those found in Babesia microti infections, where
the CD4+ ab+ T-cell-mediated immunity, but not IFN-c,

were essential for resolution of the pathogen.29 In fact, in
humans, the treatment of late-stage AE with IFN-c was not
found to be particularly successful.30 The protective effect

of IFN-c treatment, prior to infection, was not as strong as
seen during treatment with IL-1225 and IFN-a31 in mice. In
previous investigations we showed that the strong inflam-
matory responses, especially the elevated production of

iNOS, were acting against the protective mechanisms pro-
duced during murine E. multilocularis infection.32,33 This
seems to oversimplify the complex situation observed

in vivo by easily linking T helper 1-mediated inflammatory
cytokine production with protection during the chronic
stage of AE infection. The important protective effect of

type 1 cytokines (IL-12, IFN-c, IFN-a, TNF-a) may occur
at a very early innate stage of infection.26

Despite the increased IFN-c signalling-mediated stron-
ger inflammatory responses in nude, TCR-b– ⁄– and MHC-

II– ⁄– mice, the absence of T cells, especially CD4+ ab+ T
cells, resulted in an impaired cellular immune response,
reflected by a decreased lymphocyte proliferative response

and impaired periparasitic granuloma formation in the
liver. Granulomatous reactions, however, are essential to
limit locally the growth of infectious agents and for the

successful elimination of various pathogens. For E. multi-
locularis, cellular infiltration and fibrosis in periparasitic
granuloma may contribute to limiting the parasite prolif-

eration and dissemination to other sites. In fact, in addition
to a high parasite mass, the parasite dissemination into the
liver and other adjacent organs took place at an earlier
stage in nude, TCR-b– ⁄– and MHC-II– ⁄– mice when com-

pared with WT and lMT mice. Furthermore, the lack of a
granulomatous inflammation in TCR-b– ⁄– and MHC-II– ⁄–

mice indicated that ab+ and CD4+ T cells were essential

for mounting a granulomatous inflammatory response. In
one out of 15 sections from nude mice, and one out of 13
sections from TCR-b– ⁄– mice, we found a weak granulo-

matous inflammation surrounding the parasite. Nude mice
are not always completely T-cell deficient and cd T cells
may play an auxiliary compensatory role in granuloma

formation.34

Finally, we had shown previously that the infiltrative
growth of the metacestode is based upon a progressive
proliferation of the germinal layer, which could be poten-

tially associated with the relative over-expression of the
parasite 14-3-3 protein at this developmental stage.10 We
therefore addressed the question of whether the expression

level of the 14-3-3-gene is higher in the highly proliferating
metacestode status encountered in nude, MHC-II– ⁄– and
TCR-b– ⁄– mice, when compared to the WT mouse, using

similar quantities of metacestode tissue masses. We found
an increased relative 14-3-3 expression in the immune-
deficient mouse strains, and in all strains the effect was also
associated with a high parasite load. Claiming that the

observed higher expression of 14-3-3 in T-cell-deficient mice
also reflects a more active germinal cellular proliferation of
the metacestode tissue, we consequently need to study the

underlying mechanisms as to how T cells alter 14-3-3
expression. This may be associated with altered peripara-
sitic physiological conditions, including granuloma and

fibrosis. We are planning to search for the actual molecular
instruments responsible for regulating the parasite 14-3-3
expression.

In summary, our data, obtained with T-cell-deficient
mice, demonstrate the crucial role that CD4+ ab+ T-cell-
mediated cellular immune responses can play in the pro-
tection against secondary E. multilocularis infection, while

CD8+ T and B cells appeared to be less important. The
protective, or growth-suppressing, effect mediated by
CD4+ ab+ T cells was revealed not to be dependent on the

IFN-c signalling pathway, but rather to be associated with
local granuloma formation in the periparasitic hepatic host
tissue and the regulation of the 14-3-3 protein expression in

the metacestode tissue.
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