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SUMMARY

IL-5 is a major factor inducing differentiation of B lymphocytes into immunoglobulin-producing cells

as well as a main regulator of eosinophils. Recently, we have shown that peripheral blood mononuclear
cells (PBMC) from patients with alveolar echinococcosis (AE) express IL-5 mRNA after stimulation
with crude Echinococcus multilocularigE.m.) antigen. To characterize the observed response in
lymphocyte subpopulations, we cultured patients’ PBMC in the presence of E.m. crude antigen for 18 h.
PBMC were separated from seven patients by fluorescence-activated cell sorting (EPICSorter) into
CD4" and CDS§ subpopulations and from an additional seven patients by magnetic cell sorting (MACS)
into CD4', CD8" and the CD4/CD8" depleted fractions. mRNA was detected by reverse transcriptase-
polymerase chain reaction (RT-PCR) for the cytokines ¥;NE-2, IL-3, IL-4, IL-5, IL-6, IL-10, as

well as for B-actin as control. IL-4 and IFN- expression was positive in all of the patients in the
stimulated CDZ subgroup. IL-5 mRNA expression was detected in eight out of 14 Gamples (58%)

and not observed in the other subpopulations, or the unstimulated and healthy controls. Co-expression of
other Th2 cytokines in the eight patients expressing IL-5 mMRNA was found in five patients for IL-3 and
in seven for IL-10. Expression of IL-5 and both Th2 cytokines (IL-3 and IL-10) was only observed in
patients judged as critically ill. Out of the six patients who were regarded as cured after radical operation
or as stabilized with or without chemotherapy, only two expressed IL-5. Out of those eight patients
considered as critically ill, six expressed IL-5 mMRNA and five of these co-expressed IL-3 and IL-10.
Thus, we conclude that specific antigenic challenge of PBMC from patients with active or previous AE
induces an IL-5 response of CD4ymphocytes. The expression of Th2-type interleukin mRNA is
significantly more frequent in patients clinically judged as progressive. Furthermore, IgE was elevated
only in patients regarded as critically ill (six out of eight). In none of the patients were eosinophils
elevated. These data support a Th2-type immune response in patients with daromidtilocularis
infection.

Keywords human alveolar echinococcosis IL-5 T cell response Th2 cytokines

INTRODUCTION subpopulations in the local granuloma [5], suggesting a major role
The inadvertent ingestion of viable eggs of the cestBdhino- for t_he a_ntlgen-sp.emflc T cell response in the host—pargsne
relationship. Cytokines are considered to regulate in an intricate

multilocularid®y humans | h velopment of the . . o .
coccus multilocularisy humans leads to the development of t elnterplaythe antigen-specific T cell response [6]. In this context the

larval stage. This tumour-like expansion occurs in visceral organs, . h IaE levels and the eosinophilia. which are found in a variety of
predominantly in the liver, and is termed alveolar ecmnococcos%leglmigthic\i/nfections [7] celln bpe Ialttr’i;v tled o theu rooll cti\c/m Iof¥he
(AE) [1]. The immunological response tB. multilocularis is ; ’ u he produ -

. Lo . Th2 cytokines IL-5, IL-4 and IL-13 [8]. The importance of this
composed of humoral immunity, indicated by the production Ofmodel for E. multilocularis has recentlv been supported by the
specific 1gG [2] and IgE [3], and cell-mediated immunity, findin that.a 'llj'hllveurs IsTh2 discrim?/nation v:[t)ﬁ res ec}[/ to
expressed by the granulomatous infiltration surrounding the Y u ' P

o : - . - susceptibility and resistance, could be demonstrated in a mouse
parasitic vesicles [4]. Regression or progression of AE is corre-

lated with the cell composition and the ratio of T lymphocyte model [9]. In a previous study, we have shown that the stimulation
of unsorted peripheral blood mononuclear cells (PBMC) from
Correspondence: Prof. Dr med. Peter Kern, Sektion Infektiologie undE- Multilocularisinfected patients with crude homologous echino-
Klinische Immunologie, Universitallm, Robert Koch Str. 8, 89082 Ulm,  COccus antigen results in an expression of mRNA for cytokines
Germany. associated with a Th2 response [10]. This correlation was also
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found in a model of PBMC fronk. granulosusnfected patients  2-ml wells of flat-bottomed multiwell dishes (Nunc, Roskilde,

stimulated withE. granulosusntigen [11] and in the measurement Denmark) containing either 1@y of E. multilocularis antigen or

of cytokine production pre- and post-treatment in the same diseaseo stimulation at all, diluted in RPMI 1640 medium supplemented

[12]. with 2% fetal calf serum (FCS) and antibiotics, 100 U penicillin
The aim of the present study was to correlate the clinical statuper ml and @1 mg streptomycin per ml (€co BRL, Gaithersburg,

of E. multilocularisinfected patients with specific Th2 cytokine MD). The cells were maintained at 37 in a humidified atmos-

expression in various subpopulations of PBMC in order to findphere at 5% C@ After 18 h, cells were harvested and sorted by

further hints of a Th2-like response in AE patients and to gaineither fluorescence-activated cell sorting (EPICSorter; Coulter,

insights into the immune response agaiasmultilocularis Krefeld, Germany) or magnetic cell sorting (MACS; Miltenyi

Biotec, Bergisch Gladbach, Germany).

PATIENTS AND METHODS Fluorescence-activated cell sorting

Patients PBMC were labelled with CD4-FITC and CD8-PE antibodies, both
Fourteen patients, eight female and six male, with a median age gfurchased from Becton Dickinson (Heidelberg, Germany), incu-
51 years (24-77 years), all chronically infected wih multi- bated for 1 h at 4C, resuspended in PBS with 5% FCS and sorted in
locularis and supervised in our out-patient clinic, gave written an EPICSorter (Coulter). The median purity was394 in the
consent to donate blood for scientific reasons after local ethicaCD4" unstimulated cells with a median cell number af 2107,
committee approval. The clinical classification into three groups94:7% in the CD4 stimulated cells with a median cell number of
was performed as recommended by the French/Swiss/German3x 10°, 90% in the CD8 unstimulated group with a median cell
Working Group on Echinococcosis: group A, patients who havenumber of 11x 10° and 948% in the CD8 group with a median
had radical surgical resection of AE lesions without relapse for acell number of 15 x 10°.
period of 2 or more years after surgery<2); group B, patients
with stationary or regressive course of AE, i.e. a stable course oMagnetic cell sorting
this chronic disease under continuous chemotherapy with berMagnetic cell sorting was performed using the magnetic cell
zimidazoles =4); and group C, patients with lesions increasing separation (MACS) method in a Mini MACS column, according
in size, several complications, relapses or metastasis formatioto the recommendations of the manufacturer. PBMC were incu-
under continuous chemotherapy, defined by a severe or progressibated for 15 min at 4C with anti-human MoAb for CD4 (Leu-3a)
form of the diseasen(=8). Seven healthy blood donors (24-58 and for CD8 (Leu-2a), both conjugated to superparamagnetic
years old) served as controls. Blood samples were collected undenicroparticles (diameter <Bum) in a concentration of 20l
strict precautions in pyrogen-free sterile tubes containing EDTAantibodies per 10cells. To assess the effectiveness of this sorting,
(Sarstedt, Nmbrecht, Germany). FACS analysis was performed using CD4 and CD8 MoAbs (both
from Dako, Hamburg, Germany) and a FACScan from Becton

Mitogenic and antigenic stimulation , Dickinson. The purity of this sorting was 984 for CD4" cells and
CrudeE. multilocularisprotein extract antigen was prepared and 94,794 for cDg' cells, which is within the normal range according
used as described [10]. Briefly, metacestodes frBmmulti- to the manufacturer (Miltenyi Biotec).

locularis (Swiss isolate CH-24) were obtained froMeriones

unguiculatusexperimentally infected by i.p. transplantation of RNA isolation

metacgstode tissue blockg. Metqcestode material was minc llowing sorting, cells were lysed with guanidinium isothio-
three times for 30s each in sterile PBS pk6 7n a polytron . anate as described [14] and stored at*C7grior to preparation
PCU-2 blender. Subsequently, the minced material was extractegxf/cDNA.

by one freeze-thaw cycle and two sonications for 30s each at

maximum amplitude. A PBS solution of the crude protein extract.pna synthesis

was clarified by centrifugation at 30 09t £C for 45 min and Total RNA was incubated for 30 min at %7 in a solution
filtration through a Millipore filter (pore size fom). The extract containing 50m Tris—=HCI pH 75, 10mu MgCl,, 40 U/ml
was dialysed against PBS containing @ NaCl and thereafter the RNasin (Promega, Madison, WI), 10ithiothreitol, and % U
totql p_rotein content was determined _by the BioRad protein assay¢ RQL DNase (Promega) to remove any contaminating genomic
as |nd|cateq by_ the manufa}cturer (BioRad Labs,nithen, Ge_r- DNA from the preparation. After phenol-chloroform extraction
many). Forin vitro stimulation of sorted PBMC, th&. multi- 5,4 ethanol precipitation, RNA pellets were resuspended in water.
locularis antigen preparation was used at a final concentration ofy\ A was synthesized from RNA by priming 1 ug of total RNA
10pg/ml. This concentration yielded an effective stimulation of at 37C for 1h in a 5Qul total volume containing &g of an
lymphocyte reactivity againsk. multilocularis antigen as con-  jigoqT) primer, 200 nmol of each deoxynucleoside triphosphate
firmed by dose-response studies [10]. (Pharmacia), and 200 U of Moloney murine leukaemia virus
Lymphocyte preparation reverse transcriptase (RT; Gibco BRL); 26dithiothreitol and
PBMC were obtained from whole EDTA-blood using lymphocyte- 5> Moloney murine leukaemia virus RT buffer were added as
separating solution (Ficoll-Paque; Pharmacia, Uppsala, Swedehgcommended by the manufacturer (Gibco BRL).

by the method of Bgum [13]. Lymphocytes were washed twice

with sterile PBS pH . Amplification of cDNA
cDNAs were tested for the presence of cytokine gene sequences by
Stimulation of PBMC cultures polymerase chain reaction (PCR) performed in auBQetal

The PBMC obtained by centrifugation over Ficoll-Paque werevolume with specific primer pairs. Two microlitres of the relevant
washed twice and 1 ml containing<B.C° cells was resuspended in  cDNA were amplified by PCR in the presence e m sense and
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(a) CD8* unstimulated CD8" stimulated
B-actin IL-2 IL-3 IL-5 LS p-actin  IL-2 IL-3 IL-6 LS
IFN IL-6 IL-4 IL-10 IFN IL-6 IL-4 IL-10
h ‘
B-actin -2 IL3 IL5 LS B-actin  IL2 IL-3 IL5
IFN IL-6 IL-4 IL-10 IFN IL-6 IL-4  IL-10

Patient 2

B-actin IL-2 IL-3 IL-5 LS B-actin |L-2 IL-3 IL-5 LS
IFN IL-6 IL-4 IL-10 L-4 IL-10

Patient 3

B-actin IL-2 IL-3 IL-5 LS B-actin L-2 L-3 L-56
IFN IL-6 IL-4 IL-10 -4 IL-10
B -
B-actin IL-2 IL-3 IL-5 B- actln L-2 IL-3 IL-5
IFN IL-6 IL-4 IL-10 IL-6 IL-4 IL-10

Patient 5

Fig. 1. Polymerase chain reaction (PCR) analysis of cytokine mRNA in sorted peripheral blood mononuclear cells (PBMC) from
five Echinococcus multilocularinfected patients. (a) Unstimulated controls after 18 h of cell culture. (b) Cells cultured in the presence
of 10 pg/ml crude Echinococcus antigen. Cell sorting was performed by EPICSorter (patient 4) and MACS (patients 1, 2, 3 and 5). PCR
products ofg-actin, IFN=y, IL-2, IL-6, IL-3, IL-4, IL-5 and IL-10 were analysed on aSP6 agarose gel in the presence of appropriate
molecular size markers (50, 100, 200, 300, 400, 500, 525, 700 and 1000 bp) (LS).
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{b) CD4" unstimulated CD4" stimulated
B- ac‘tin IL- 2 |L 3 IL-5 LS B-actin  IL-2  IL-3 IL-5 LS
L-4 IL-10 IFN IL-6 IL-4 IL-10
B -
B- actin |L-2 IL-3 IL-6 LS B-actin IL-2 IL-3 IL-6 LS
L-4 IL-10
- 2-
B-actin |L-2 |L-3 IL-6 LS B-actin IL-2 IL-3 IL-5 LS
IL-4 IL-10 IFN IL-6 IL-4 IL-10
B -
B-actin IL-2 IL-3 IL-5 LS B-actin IL-2 IL-3 IL-5 LS
IFN IL-6 IL-4 IL-10 IFN IL-6 IL-4 IL-10

Patient 4

w
2
=]

B-actin  IL-2 IL-3 IL-5 LS IL-2 IL-3 IL-5 LS
IFN IL-6 IL-4 IL-10 IFN IL-6 IL-4 IL-10

- =

Fig. 1. Continued.

=
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antisense oligonucleotide primers, &irdeoxynucleoside triphos- IgE above the normal range was found in five patients, all of
phate (Pharmacia, BRL Life Technologies Inc., Gaithersburgthem clinically classified as C, and all but one expressed IL-5 in the
MD), 0:5 U of AmpliTaq polymerase (Perkin Elmer, Branchbureg, CD4" stimulated subgroup (data shown in Table 1). Elevated
NJ) and 1x PCR buffer. The amplification was performed in a eosinophil levels were absent in all patients.

thermal cycler from Perkin Elmer, running a programme of 40
cycles with denaturation at 96 for 30 s, annealing at 8G for 1
min, and extension at 7@ for 1:5 min. Oligonucleotide primers
specific forg-actin, IFN=y, IL-2, IL-3, IL-4, IL-5, IL-6 and IL-10 Patients with AE display a clinical spectrum ranging from pro-
were used. Sense and antisense primer sequences were uggdssion under continuous chemotherapy, to healing after radical
exactly as described [10], suggesting that the sensitivity shouldurgical removal of the lesion. Primary resistance against the
be within the range described by Setral.[15]. The PCR products infection is suggested, as patients with antibodies against the
were subjected to electrophoresis and visualized by staining witE. multilocularisantigen Em2 and died-out lesions were reported

DISCUSSION

ethidium bromide. from regions with high incidence of AE, i.e. Alaska or local
endemic areas in France, and regarded as resistant [16]. Sero-
Quantification of IgE antibody titres epidemiological studies in Switzerland, Alaska and France

Total IgE titres were determined by SYfP test kit (Elias, revealed that only 10-30% of infected and seroconverted patients
Freiburg, Germany) as recommended by the manufacturer, witlvill develop AE [17]. Several factors might influence this broad

a reference range of 0—120 U/ml. spectrum: (i) the parasite exhibits a wide quantitative and quali-
tative variability of different antigenic profiles [18,19] with
Statistical analysis unequal virulence [20]; (ii) certain HLA haplotypes may be
Statistical significance was calculated using the exact Fisher’s tegtrone to infection, as HLA-A1 and B35 are dominant in infected
with P = 0-05. patients [21] and others, like HLA-DR11, correlate with a favour-

able clinical response (Eiermas al., personal communication);
and (iii) the immune response of the host unable to overcome the
infection might be inappropriate, either due to specific parasitic
Cytokine mRNA expression in cultures of sorted PBMC products [22] or due to the development of humoral immunity (Th2
The pattern of cytokines produced by the PBMC was analysedype) instead of cellular immunity (Thl type). Our study refers to
by RT-PCR with oligonucleotide primer pairs specific for IRN-  the latter point.
IL-2, IL-3, IL-4, IL-5, IL-6 and IL-10. The RT-PCR was not The human immune response against infective agents is mainly
performed in a quantitative manner, therefore any band opticallydirected by the activation of T cells from distinct subgroups
identifiable was rated as positive. Representative gels of PCRroducing different cytokine panels which mutually inhibit each
products from mRNA are demonstrated for the first five patientsother. The Thl panel consists of IFN4L-2 and tumour necrosis
in Fig. 1a,b. The results of the complete gels are summarized ifactor-beta (TNF3), supporting macrophage activation, antibody-
Fig.2a,b for both the CD4 and CDS subgroups from the dependent cell cytotoxity, production of IgG2a antibodies by B
E. multilocularisinfected patientsg-actin, IFN<y, IL-2, IL-6 and cells and DTH, i.e. cellular immunity, whilst Th2 cells produce
IL-4 were detectable in the majority of the unstimulated controlsmainly IL-4, IL-5, IL-6 and IL-10, supporting humoral immunity
and in the CDZ and CD8 subpopulations. IL-3 mRNA was [23]. In many chronic infectious diseases the type of T cell
detected in four out of 14 patients in the CDdopulation and in  reaction, Thl or Th2, determines the clinical outcome. In leish-
two out of 14 patients in the CO%opulation. IL-10 mRNA was maniasis or leprosy the Thil-type cytokine response is associated
found in eight out of 14 patients in the CDfaction and in seven  with healing or protection [24,25]. For helminthic infections this
out of 14 patients in the CO8population. IL-5 mRNA was not  correlation has been demonstrated in a mouse modeidiinella
detected in any of the unstimulated sorted cells (GOIBD8" and  spiralis[26]. In contrast, interferon-gamma (IF)-suppressed the
CD4/CD8-depleted) or the healthy controls. In general, the detecprotective immunity of mice against the nematode parasippo-
tion of cytokine mRNA was weaker in the CD8ubpopulations. In  strongylus brasiliensig27], which might reflect a protective
stimulated cultures, cytokine mRNA expression was more frequenimmunity elicited by a Th2-type response. Multiple factors are
in general, but statistical significance was not reached except faresponsible for the development of either a Thl- or Th2-type
IL-5, which was positive for eight patients and detectable only inresponse. Th2 is supported by genetic factors, a high mass of
the CD4 subpopulation. antigen [28], the presence of IL-4 [29] and certain costimulators
In the subgroup of patients expressing IL-5 mRNA in the €D4 [30].
fraction (1=8), co-expression of IL-10 mMRNA was observed in Several observations support the assumption that AE patients
seven (8/%), co-expression of IL-3 in the same group was foundexhibit a Th2 immune response. First, their capacity to react in a
in five (625%), as was co-expression of both IL-10 and IL-3 Thl manner against other infective agents is diminished and is
mMRNA. associated with a loss of macrophage function [31], a feature which
A correlation of cytokine expression in CD4timulated cells  is generally found in chronic helminthic infections [32]. The
with the clinical status of the patient is shown in Table 1: patientsmechanisms responsible for the decrease of macrophage function
clinically classified as Ar{=2) did not express IL-5 or IL-10 may be the inhibition of cellular immunity by the Th2 cytokines
mMRNA, one expressed IL-3. Out of the four patients classified as BIL-4 and IL-10. It has been shown that IL-4 down-regulates the
two expressed IL-5 mRNA, none IL-3 and three IL-10 mRNA. In expression of the IL-2 receptor [33] and inhibits the activation of
the group of patients rated as €<8), five patients co-expressed monocytes and their antimicrobial properties by reducing the
IL-5, IL-3 and IL-10 mRNA, one expressed IL-5 and IL-10, one capacity to produce IL-1 and TNé&-[34,35]. IL-10 alters the
only IL-10 and one none of the tested cytokines. antigen presentation of the macrophages and inhibits the release of

RESULTS
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16 (a) Unstimulated controls
14
12
10
8
6
4
; b
(23
E 0 n 1 1 1 1 J
2 B-actin IFN-y IL-2 IL-6 IL-3 IL-4 IL-5 IL-10
s Cytokine mRNA
T 16
5 (b) Stimulated cells
Q
£
=
z

1

B-actin IFN-y IL-2 IL-6 IL-3 IL-4 IL-5 IL-10
Cytokine mRNA

Fig. 2.Cytokine mRNA expression in sorted peripheral blood mononuclear cells (PBMC) from patients with alveolar Echinocoecijs (

Freshly isolated PBMC were cultured in the absence (a) or presence (bugfrhDof crudeE. multilocularisantigen. After 18 h of culture,

PBMC sorting was performed using EPICSorter or MACS. Total RNA was extracted from sorted cells and reverse transcribed. The cDNA
obtained was assayed for the presence of specific cytokine mRNAs as described in Patients and Methods. The polymerase chain reaction
(PCR) products were detected by agarose gel electrophoresis in the presence of appropriate molecular sizBn@DkEr<], CDS'.

those cytokines with antimicrobial functions [36]. Second, IgG our study, six patients, all clinically rated as progressive or severe,
antibody subclasses supported by Th2 cytokines, i.e. IgG1 anbad IgE above the normal range. Although IL-5 is associated with
IgG4, comprise the most active subclass of antibodies in responssosinophil differentiation, the number of eosinophils in the periph-
to AE [37]. Third, elevation of IgE which is thought to be mainly eral blood of AE patients is generally not altered.

induced by IL-5 [38] is found in a large number of AE patients. In In the present study, IL-5, a major Th2-type cytokine, was

Table 1.Characterization of the patients and correlation of their clinical status with cytokine expression and the level of IgE (U/ml) in the stimulated CD4

subgroup
Patient no. Gender Age First diagnosis Clinical class IgE Sorting IL-5 IL-3 IL-10 IL-4 4FN-
1 F 54 1986 C 228 MACS + + + + +
2 M 60 1987 C 42 MACS + + + + +
6 M 35 1994 C >500 MACS + + + + +
7 M 55 1972 C 12 MACS - — - + +
9 M 66 1994 C 267 EPIC + - + + +
11 M 57 1991 C 6 EPIC + + + + +
12 F 77 1992 C 253 EPIC + + + + +
13 F 55 1993 c 134 EPIC — — + + +
3 F 58 1994 B 3 MACS + - - + +
4 F 45 1986 B 62 EPIC — - + + +
5 F 26 1994 B 81 MACS + - + + +
8 M 42 1988 B 13 EPIC — - + + +
10 F 62 1993 A 26 MACS — — - + +
14 F 24 1992 A 26 EPIC — + - + +

M, Male; F, female+, expression of the interleukin, detected by polymerase chain reaction (PCR) preduactdetectable PCR product.
Patient numbers designate the patients included in the study.

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$0990-97



96 L. Jenneet al.

solely detectable in the CD4subgroup in eight out of the 14

patients tested (58%). In the stimulation assays performed with
unsorted cells from AE patients the rate of IL-5 mRNA expression 3

under otherwise comparable conditions wa80% [10]. The

slightly reduced frequency in the study presented here may be
attributable to the process of sorting, which could reduce the

viability of the PBMC. All other cytokine mRNAs were present

in each subgroup of stimulated and unstimulated samples, which

include the CDZ, CD8" and the CD24 and CDS§ depleted cells.

This is consistent with the previous finding, that the main source

for IL-5 is the activated Th cell population (CD€D45R0) [38].
Other potential sources arg T cells [39] or CD§ cells [40].

However, in this study IL-5 mRNA was not detectable in any of the

CD8" population.

In murine systems it was demonstrated that activated *CD4

cells initially do not follow a pure Thl or Th2 pattern [41,42]. This

observation might explain why we find an expression of IL-4 and

IFN-y in all of the stimulated CD%4subgroups. In contrast, other
Th2 cytokines (IL-5, IL-10 and IL-3) are produced significantly

more frequently in those patients clinically classified as group C, 8

which represents the critically ill patient® € 0-05). The over-
expression of IL-5, IL-3 and IL-10 may be the result of an
expansion or selective activation of the Th2 cell population.
The specific up-regulation of IL-5 mRNA by CD4ells might
support the assumption thBt multilocularisantigen is presented

in a T cell-dependent manner by the MHC class Il receptor of
Nonetheless, non-peptide antigeng,
presented via CD1 might play an important role in the development

antigen-presenting cells.

of the Th2-type response [43,44].

immunoglobulins using the ELISA in patients with echinococcosis
treated with mebendazole. Z Parasitenkd 198%385-9.

Guisantes JA, Vincente Garcia F, Abril MJ, Eraso E, Martinez J. Total
and specific IgE levels in human hydatid disease determined by enzyme
immunoassay: serological follow-up after surgery. J Investig Allergol
Clin Immunol 19944:301-4.

4 Liance M, Bresson Hadni S, Meyer JP, Houin R, Vuitton DA. Cellular

immunity in experimentalEchinococcus multilocularisnfection. |.
Sequential and comparative study of specificvivo delayed-type
hypersensitivity againsE. multilocularis antigens in resistant and
sensitive mice. Clin Exp Immunol 199682:373-7.

Bresson Hadni S, Liance M, Meyer JP, Houin R, Bresson JL, Vuitton
DA. Cellular immunity in experimentaEchinococcus multilocularis
infection. Il. Sequential and comparative phenotypic study of the
periparasitic mononuclear cells in resistant and sensitive mice. Clin
Exp Immunol 199082:378-83.

Street NE, Mosmann TR. Functional diversity of T lymphocytes due to
secretion of different cytokine patterns. FASEB J 198171-7.
Finkelman FD, Pearce EJ, Urban JF Jr, Sher A. Regulation and
biological function of helminth-induced cytokine responses. Immunol
Today 1991,12:A62-66.

Urban JF Jr, Maliszewski CR, Madden KB, Katona IM, Finkelman FD.
IL-4 treatment can cure established gastrointestinal nematode infections
in immunocompetent and immunodeficient mice. J Immunol 1995;
1544675-84.

Gottstein B, Wunderlin E, Tanner Echinococcus multilocularis
parasite-specific humoral and cellular immune response subsets in mouse
strains susceptible (AKR, C57B1/6 J) or ‘resistant’ (C57B1/10) to second-
ary alveolar echinococcosis. Clin Exp Immunol 1996;245-52.

Sturm D, Menzel J, Gottstein B, Kern P. Interleukin-5 is the predomi-
nant cytokine produced by peripheral blood mononuclear cells in
alveolar echinococcosis. Infect Immun 19%3;1688-97.

In conclusion, our data support a correlation between diseasgl Fauser S, Kern P. T-lymphocyte cytokine mRNA expression in cystic

severity and expression of Th2 cytokines in AE patients. It is

echinococcosis. Acta Tropica 19994:35-51.

tempting to speculate that the relative susceptibility of chronicallyl2 Rigano R, Profumo E, loppolo S, Notargiacomo S, Ortona E, Teggi A.

infected patients is related to their Th2-like response to
Echinococcusspp. demonstrated in the restimulation assay. It is
not understood whether this pattern of response is induced b
factors of the parasite, i.e. surface molecules or soluble products
like proteinases which direct the host response towards the unprgy
tective Th2 pattern [27], if immunopathological reactions associ-

ated with Thl are actively avoided, or if a simple malfunction of

the immune system occurs. Therefore, to gain further understandss

ing of the various clinical outcomes of this infection, it may be of

high interest to find patients with resolved lesions regarded as
resistant and to correlate their cytokine expression profile or
costimulatory surface molecules of the T cells with those of

chronically infected patients.
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