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Induction of immunoglobulin G1, interleukin-6 and interleukin-10

by Taenia crassiceps metacestode carbohydrates

SENARATH DISSANAYAKE, NASIR KHAN, ALLEN SHAHIN, SHANAKA WIJESINGHE &
MIODRAG LUKIC Department of Microbiology, Faculty of Medicine and Health Sciences,
UAE University, Al Ain, United Arab Emirates

SUMMARY

T helper type 2 (Th2) -polarized immune responses are characteristically dominant in helminth
infections. Two murine models that show a Thl to Th2 polarization with infection progression are
those of Schistosoma mansoni and Taenia crassiceps. In both, an early Th1 response is replaced by a
late Th2 response. We report that the nucleic acid-, protein- and lipid-free carbohydrate fraction of
T. crassiceps metacestodes (denoted T-CHO) possesses Th2-like immunomodulatory activity.
Immunization of two strains of rats (Dark Agouti and Albino Oxford) and BALB/c mice with
chicken albumin in the presence of T-CHO resulted in selective enhancement of immunoglobulin
G1 (IgG1l) antibodies, considered to be associated with Th2 responses in both rats and mice.
Interleukin-6 (IL-6) followed by IL-10 were the dominant cytokines detected in in vitro cultures of
mouse spleen cells stimulated with T-CHO. IL-4 and IL-5 were not detected in these culture
supernates. Furthermore, Taenia carbohydrates were mitogenic to spleen cells, activated serine
phosphorylation of proteins and up-regulated the expression of the anti-apoptotic protein, Bcl-2.
When mouse spleen cells were cultured in the presence of Taenia carbohydrates, a concentration-
dependent down-regulation of IL-2 and an overlapping up-regulation of IL-6 secretion were seen.

INTRODUCTION

T helper type 2 (Th2) -polarized immune responses are char-
acteristically dominant in chronic human helminth infections'
and determination of antiparasite immunoglobulin G4 (IgG4)
antibody (associated with human Th2 responses) is the basis of
serodiagnostic test development (e.g. lymphatic filariasis,”
Schistosomiasis®). Similar Th2 dominance is seen in murine
models of Schistosoma mansoni*® and Taenia crassiceps,7
progressing from an early Thl type to a late Th2 type. These
murine models also show that cytokines of the innate immune
system play a major role in directing the adaptive immune
response to a Th2 type. While interleukin-12 (IL-12) is con-
sidered the key cytokine in initiating a Th1 response, IL-4 is said
to be the counterpart in a Th2 response. However, the demon-
stration that effective and strong Th2 responses can be generated
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in the absence of IL-4 (and IL-13) suggests alternative mechan-
isms of Th2 response induction.®™'?

Equally important in understanding the mechanisms under-
lying the initiation and maintenance of a dominant Th2 response
is the identity of the parasite molecules responsible. In the case
of S. mansoni, considerable evidence points to egg glycopro-
teins or carbohydrates.*®!3'5 The nature of Th2 driving
molecules in the 7. crassiceps model’ is not known.

In order to determine whether the Th2 dominance in T
crassiceps infections is also mediated via carbohydrates, the
adjuvant effects of lipid-, nucleic acid- and protein-free extracts
of metacestodes (denoted T-CHO) were determined in two
strains of rats and in BALB/c mice. Immunization of animals
with albumin in the presence of T-CHO resulted in enhanced
IgG1 antibodies, IL-6 and IL-10 production. We conclude that
Taenia carbohydrates possess Th2-like immunomodulatory
activity, probably mediated via IL-6 and IL-10.

MATERIALS AND METHODS

Carbohydrate extracts from T. crassiceps metacestodes

An infective stock of 7. crassiceps metacestodes was a kind gift
from Dr Abraham Landa, Department of Immunology, National
University of Mexico, Mexico. These were maintained in
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BALB/c and CBA mice according to the method of Terrazas
et al.” Mice were infected with 10-15 metacestodes by intra-
peritoneal injection. Approximately 10-12 weeks post-infec-
tion, infected animals were killed by cervical dislocation and
metacestode-stage parasites in the peritoneal cavity were har-
vested, washed in endotoxin-free tissue-culture-grade phos-
phate-buffered saline (PBS; Gibco BRL Life Technologies
Ltd, Paisley, UK) and stored at —40°.

These metacestode larvae were re-suspended in an equal
volume of endotoxin-free PBS, sonicated at 300 W for 10 sec-
onds and subjected to sequential digestion with DNase I and
RNase (D 4263, R 7003, Sigma Chemicals, St. Louis, MO, for
3hr at 37°), Proteinase K (Sigma P6556, 0-1 mg/ml, for 16—
18 hr at 37°) followed by digestion with agarose-linked protease
(Sigma P8790) for 12-18hr at 37°. The digest was then
centrifuged at 30 000 g for 30 min and the supernate was dialy-
sed against PBS (MW cut-off 12 000) and repeatedly extracted
with chloroform. The aqueous phase from chloroform extrac-
tion was lyophilized, re-dissolved in de-ionized water, and
sterilized by filtration (0-22 um). The concentration was adjust-
ed to 1 OD,¢o U/ml and then aliquots were stored at —40°. This
preparation was denoted as Taenia carbohydrates (T-CHO).

Acid hydrolysis of T-CHO was carried out by the method of
Ip et al.'® Ten millilitres of T-CHO (1 OD,4, U/ml) was treated
with hydrofluoric acid (2M) at 65° for 2 hr followed by over-
night incubation at 98° in the presence of 2M trifluoroacetic
acid. After hydrolysis, the solution was diluted with 2 ml of 10x
PBS (Gibco) and dialysed against several changes of PBS,
lyophilized and re-dissolved in 10 ml of PBS. This preparation
was denoted as acid hydrolysed T-CHO and was used in in vitro
stimulation of spleen cells.

Determination of the adjuvant effects of Taenia carbohydrates
Adjuvant activity of T-CHO was determined against purified
chicken albumin (A2512, Sigma) in two strains of rats (Dark
Agouti, DA, and Albino Oxford, AO) and in BALB/c mice. Rats
were immunized subcutaneously in the dorsal neck region with
chicken albumin (100 pg per immunization per rat) mixed with
PBS (no adjuvant control), aluminium hydroxide (Alum, from
Intergen, New York, NY), or 0-50D,4, U T-CHO in a total
volume of ~500 pl. Two booster immunizations were given by
the same route and dosage at 3-weekly intervals. Test bleeds
were obtained by the retro-orbital method at the time of first
immunization and 10 days after the booster immunizations. All
sera were stored at —40° until analysed.

BALB/c mice were similarly immunized with chicken albu-
min in PBS, Alum, or T-CHO. Each mouse received 50 pg of
albumin in 200 pl mixed with 500 pl of PBS, Alum, or T-CHO
[0-25-1 0Dy U, given intraperitoneally (i.p.)] at two sites.
Mice were bled at approximately 10-12 days, after the primary
and booster immunizations.

Antibody levels in test sera were determined by standard
enzyme-linked immunosorbent assay (ELISA) using peroxi-
dase-conjugated anti-rat IgG subclass-specific antibodies (anti-
rat IgGl, IgG2a, IgG2b, IgG2c; Biosource International,
Camarillo, CA). Mouse IgG1, IgG2a and IgG2b antibody levels
were determined with biotinylated anti-mouse subclass-specific
antibodies (61-0240, 61-0140, 61-0340, Zymed, San Francisco,
CA) and streptavidin peroxidase (E2882, Sigma). Rat sera were

tested at a single dilution of 1:50 and the mouse sera were
titrated.

Antibody ELISAs were performed in 96-well ELISA plates
(MaxisorpImmunoplates, Nunc A/S,Roskilde, Denmark) in 50-pl
reactions, with antigen coated at 5 pig/ml, conjugates were used at
1 :2000 dilution, incubation was 45 min for primary antibody and
30min for the conjugate. Both test sera and conjugates were
diluted in PBS/5% bovine serum albumin/0-05% Tween-20 and
contained 5% normal goat serum (G9023, Sigma) for goat anti-
bodies and 5% normal rabbit serum for rabbit antibodies. All
incubations were carried out at room temperature.

In vitro culture of spleen cells for cytokine analysis and
proliferation

Spleen cells were obtained from mice immunized with T-CHO
by i.p. injection of 0-25 OD,¢o U/mouse or from control mice
injected with PBS. Spleen cells were harvested at days 1,3 and 5
post i.p. injection. Standard 96-well plate cultures were set up
with 0-5 million cells per well in a volume of 200 pl or in 24-
well plates in a total volume of 1 ml. For in vitro stimulation
with T-CHO, serial dilutions were made from a stock of
1 OD5¢p U/ml in a volume of 100 pl prior to addition of cells
(100 pl, 5 million per ml). Acid-hydrolysed T-CHO was used as
the control. For proliferation assays, 0-5 pCi of [*H]thymidine
in 20 pul was added to each well and cells were harvested 6 hr
later. Proliferation was expressed as total counts per minute per
million cells.

Cytokine ELISA

Cytokines in culture supernates were determined by ELISA
using purified anti-IL-2, -1L-4, -IL-5, -IL-6, -IL-10 and -IL-12
as capture antibodies and the corresponding biotinylated anti-
bodies as reporter antibodies according to supplier recommen-
dations (PharMingen, San Diego, CA). Primary capture
antibodies and biotinylated reporter antibodies were used at
2 and 1pg/ml, respectively. The enzyme substrate used was
TMB microwell peroxidase (Kirkgaard & Perry Labs. Inc,
Gaithersberg, MD). Purified recombinant IL-2, IL-6 and IL-
10 (PharMingen) were used as standards.

Sodium dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE) analysis of T-CHO

For SDS-PAGE, aliquots of total Taenia extract and T-CHO
were lyophilized and re-dissolved in SDS—-PAGE sample buffer
to result in a 100-fold excess of T-CHO concentration over that
of the total extract. Twenty-five-microlitre aliquots were loaded
onto 1-cm width lanes on SDS-PAGE gels. Gels were electro-
phoresed at 150 V/25 mA for 2 hr, stained for 24 hr with 1%
Coomassie Brilliant Blue R-250 and destained in 10% acetic
acid and 15% methanol in water.

Western blot analysis of in vitro cultured spleen cell extracts
Spleen cells cultured in vitro were purified by Histopaque™
(Sigma 1077) density gradient centrifugation to remove dead
cells, washed in cold PBS and re-suspended in PBS at a cell
density of 1million/ml. Cells were lysed by addition of five
volumes of cold acetone and freezing at —70° for 6 hr. The
residue and precipitated proteins were collected by centrifuga-
tion, re-dissolved in 0-2 ml of SDS—-PAGE sample buffer, boiled
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for 5 min in a water bath and re-precipitated with five volumes
of cold acetone at —70° for 6hr. The precipitate was then
dissolved in 0-1ml of SDS—PAGE sample buffer and loaded
on to SDS-PAGE gels. Each lane received the protein equiva-
lent of 0-1 million cells. SDS—PAGE fractionated proteins were
electrophoretically transferred to nitrocellulose membranes
(BioRad Laboratories, Hercules, CA), blocked with purified
bovine serum albumin (Sigma) and used for Western blot
analysis. For Bcl-2 determination, a polyclonal antibody reac-
tive with human and mouse Bcl-2 (Santa Cruz Biotechnology,
Santa Cruz, CA, sc-783) was used. Serine and tyrosine phos-
phorylated proteins were detected with biotinylated anti-phos-
phoserine (B7911, Sigma Chemicals) and anti-phosphotyrosine
(B1531, Sigma Chemicals) antibodies. Membranes were devel-
oped with appropriate alkaline phosphatase conjugates and 5-
bormo-4 chloro-3 indoyl phosphate/introblue tetrazolium
BCIP/NBT one component phosphatase substrate (Kirkgarrd
and Perry, 50-81-18).

RESULTS
Characteristics of Taenia carbohydrates

T-CHO had an UV absorption maxima at 260 nm. The average
yield of T-CHO was ~0-1 OD,goU/ml of metacestodes sus-
pended in an equal volume of PBS. Total protein analysis by
Khjedhal method showed less than 5% total nitrogen in T-CHO.
SDS-PAGE analysis of T-CHO did not show proteins by
Coomassie Blue R250 staining in heavily overloaded gels
(Fig. 1). Proteins were not detected in a 100-fold concentrated
T-CHO, equivalent of the highest amount of Taenia total extract
loaded on to gel, whereas a 100-fold dilution of the total extract
showed proteins on SDS-PAGE gels. Formal proof that the high
molecular weight Taenia extract used in these studies was
carbohydrate was by enzymatic release of N-linked glycans

MW
205 000

118 000

85 000

47 000

and chemical reductive elimination of O-linked glycans, fol-
lowed by chemical derivatization and fast atom bombardment
mass spectrometric analysis (S. Haslem and A. Dell, Imperial
College, London, personal communication). Endotoxin was not
detected in T-CHO by Limulus Amoebocyte Lysate assay (E-
Toxate®™, Sigma Chemicals).

T-CHO selectively enhanced IgG1 antibody responses to
chicken albumin in AO and DA rats

In both AO and DA strain rats immunized with chicken albumin
in the presence of T-CHO and Alum as adjuvant, the dominant
antibody response was IgG1, compared to IgG2a and IgG2b
(Fig. 2). Rat IgG2c antibodies were not detected. In two dif-
ferent experiments, the mean T-CHO/PBS and Alum/PBS ratios
of the anti:albumin IgG1 antibody responses ranged between
1-8 and 2-5 and 2.9 and 4-8, respectively. The same ratios for
total IgG antibodies were 1-5-2-3 (T-CHO/PBS) and 1-9-2.7
(Alum/PBS). Overall, the T-CHO-induced antibody level was
approximately two-fold higher than that of the PBS control and
approximately half that of the Alum control.

T-CHO selectively enhanced IgG1 antibody responses to
albumin in BALB/c mice

As shown in Fig. 3, T-CHO enhanced IgG1 responses to chicken
albumin in BALB/c mice. As in the case of rats immunized with
albumin in PBS, T-CHO and Alum, the highest IgG1 anti-
albumin antibody responses were seen in alum-immunized
animals, the lowest in PBS-immunized animals and they were
intermediate in T-CHO-immunized animals (Fig.3a). Com-
pared to IgG1 antibodies, the I[gG2a and IgG2b responses were
relatively weaker in all three situations. Selective enhancement
of IgG1 antibodies was much more prominent when two booster
immunizations were given (Fig. 3b).

6 7 8 Mw

' 38 000

25 000

16 000

‘ 78000

Figure 1. SDS-PAGE analysis of Taenia carbohydrate extract T-CHO. Lanes 2 and 3, Taenia total extract (lane 3 is a 100-fold dilution
of lane 2). Lanes 4 and 5 contain the equivalent of 10- and 100-fold concentrated T-CHO prior to chloroform extraction. Lanes 6 and 7
are the equivalent of lanes 4 and 5, after chloroform extraction. Lanes 1 and 8 are markers.
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Figure 2. Histogram showing IgG1, IgG2a and IgG2b antibody levels to chicken albumin in AO (Groups A—C) and DA (Groups D-F)
rats immunized with albumin in PBS (Groups A and D), Alum (Groups B and E) and T-CHO (Groups C and F). Bld 1, sera from
preimmunization bleed; Bld 2, sera after first boost; and Bld 3, sera at 10 days post second boost. Bld 1-open bars; Bld 2-grey bars; Bld

3-closed bars. There were six animals in each group, sera were tested in duplicate at 1:50 dilution. Error bars are SD.

T-CHO was mitogenic to spleen cells, inhibited IL.-2
secretion and induced IL-6 and IL-10 secretion in cultured
spleen cells

T-CHO was mitogenic (72 hr cultures) to both naive and Taenia
carbohydrate-sensitized mouse spleen cells in a concentration-
dependent manner (Fig. 4a). Maximal proliferation was seen at
the concentration range of 0-005-0-1 OD,¢o U/ml. Of the cyto-
kines tested (IL-2, IL-4, IL-5, IL-6, IL-10 and IL-12), IL-6 was
the major cytokine detected in the T-CHO-stimulated culture
supernates for up to 48hr in culture and showed a similar

concentration dependence to the mitogenic response (Fig. 4b).
Both naive and T-CHO-stimulated cells secreted IL-6 and IL-10
in response to T-CHO in culture, but the effect was more
pronounced in spleen cells presensitized with T-CHO. IL-10
was detected at and after 48 hr in culture. In contrast, quantita-
tively lower levels of IL-2 (<250pg/million cells) were
detected in cultures of spleen cells from presensitized mice
in the absence of T-CHO, which appeared to be inhibited by the
presence of T-CHO in culture (Fig.4c). Acid-hydrolysed T-
CHO did not have the IL-2 inhibitory activity or the IL-6 and IL-
10 stimulatory activity.
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Figure 3. (a) Antibody levels to chicken albumin in BALB/c mice immunized with 50 pg albumin in PBS (), Alum () and T-CHO
(@ 0-50Dy60 U/mouse) as adjuvant. Test sera were collected 10 days after a single booster immunization. (b) Antibody levels to
chicken albumin in BALB/c mice immunized with 50 pg albumin in PBS () and T-CHO (@ 0-25 OD,6o U/mouse) as adjuvant. Sera
were collected after two booster immunizations. There were eight animals in both experiments and in each group, sera were tested in
duplicate in serial dilutions. Mean +SD of ELISA OD are shown on y axes.
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Figure 4. (a) Mitogenic and (b—d) cytokine stimulatory activity of T-
CHO. (a—c) Spleen cells from BALB/c mice sensitized with T-CHO (i.p.
injection of 0-50D,¢o U) or from naive mice were used. () Spleen
cells from T-CHO pre-exposed mice + T-CHO in culture; ([J) spleen
cells from T-CHO exposed mice + acid-hydrolysed T-CHO in culture;
(@) spleen cells from naive mice + T-CHO in culture; (cir;) spleen cells
from naive mice + acid hydrolysed T-CHO in culture. Data shown are
mean values for pooled spleen cells from two mice, performed in
triplicate from two independent experiments. (d) Time—course determi-
nation of IL-2, IL-6 and IL-10 secretion by spleen cells from mice
exposed to T-CHO, 0-25 OD,4, U, 3 days post i.p. injection. Spleen cells
from three animals were cultured separately, in triplicate. Error bars are
SD. IL-4 and IL-5 were not detected. Representative experiment shown.

In time—course assays, cultures were maintained in 24-well
plates in a volume of 1ml with 5 million cells per well. For
stimulation with T-CHO, 0-1 OD,¢q U/ml were added. Control
cultures received an equal volume of acid-treated T-CHO. For
cytokine analysis, 200 pl aliquots were withdrawn at 24, 48, 72
and 96 hr of culture. As shown in Fig. 5, high IL-6 expression
was seen as early as 24 hr in culture and was maintained at
increased levels for up to 72-96 hr. Moderate levels of IL-10
were seen after 48 hr of culture while IL-4 was not detected.

Figure 5 shows that prior in vivo sensitization for 24 hr was
sufficient for stimulation of in vitro secretion of IL-6 by spleen
cells in response to T-CHO, whereas a minimum of 3-5 days of
sensitization was required for the inhibitory effect of T-CHO on
IL-2 secretion by spleen cells cultured in vitro. Prior sensitiza-
tion was not a requirement for the mitogenic activity of T-CHO
(Fig.4a) or for IL-6 secretion as naive cells produced IL-6 in
response to T-CHO (Fig. 4b). The protein kinase inhibitor staur-
osporine (S4400, Sigma Chemicals, used at 0-1-1 pg/ml) did not
inhibit the IL-6 secretion, while it almost completely eliminated
the base level IL-2 secretion by T-CHO presensitized spleen cells.

Adjuvant effect of T-CHO was extraction and
concentration dependent

The in vivo IgG1 enhancing effect and in vitro IL-6 stimulatory
effect of T-CHO were dependent on the method of extraction

© 2002 Blackwell Science Ltd, Immunology, 107, 411-419
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Figure 5. Effect of pre-exposure duration to T-CHO and staurosporine
in culture on IL-2 (left panel) and of IL-6 (right panel) secretion by
spleen cells. Group A, cells from 1-day pre-exposed mice cultured in the
absence of T-CHO; group B, same as group A, but cultured in the
presence of T-CHO; group C, same as group B, in the presence of
staurosporine; group D, cells from 5-day pre-exposed mice cultured in
the absence of T-CHO; group E, same as group D but cultured in the
presence of T-CHO. Spleen cells from two animals were cultured
separately in triplicate. Values shown are the mean for each group.
Representative experiment shown.

and the concentration of T-CHO used. The IgG1 enhancing
effect was concentration dependent, with doses higher than
0-5 OD,60 U/mouse having no effect (Fig. 6a). When metaces-
tode carbohydrates were extracted with PBS followed by
chloroform removal of lipids, the resultant product was approxi-
mately pH5 and showed both properties when used at con-
centrations below 0-5 OD,¢o U/mouse. However, if extracted in
water and with no lipid removal, the product was of neutral pH
and was of much reduced activity. Chloroform extraction of the
water-soluble extract restored IL-6 stimulatory activity

(Fig. 6b).
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Figure 6. (a) Effect of T-CHO concentration on the IgG1 response.
Mice were immunized with 50 pg albumin in PBS (M), in T-CHO,
1 ODygp U/mouse (¢) or in T-CHO, 0-25 ODy¢ U/mouse (@). There
were five mice in each group and the mean OD is shown. Error bars are
SD. Sera were collected 12 days after the first booster immunization. (b)
Effect of extraction procedure on in vitro IL-6 stimulatory effect of T-
CHO. Groups A-D, spleen cells from mice presensitized (24 hr) with
chloroform-extracted T-CHO were stimulated with PBS and chloro-
form-extracted T-CHO (group A), water-extracted but not chloroform-
extracted T-CHO (group B), water- and chloroform-extracted T-CHO
(group C) and no stimulus (group D). Groups E and F, naive cells sti-
mulated in culture with PBS—chloroform-extracted T-CHO (group E) and
naive cells with no stimulus in culture (group F). Mean values from two
experiments with three mice in each group are shown. Error bars are SD.
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Figure 7. Western blot analysis. Serine phosphorylation and Bcl-2 expression in spleen cells cultured in the presence and absence of T-
CHO. (a) Serine phosphorylation; (b) Bcl-2 expression after 24 hr in culture and 96 hr in culture. Lanes 1 and 5, spleen cells from pre-
exposed mice, cultured in the presence of T-CHO; lanes 2 and 4, cells from T-CHO pre-exposed mice, cultured in the absence T-CHO;
lanes 3 and 7, cells from naive mice cultured in the presence of T-CHO and lanes 4 and 8, cells from naive mice cultured in the absence

of T-CHO.

T-CHO induced Bcl-2 expression and serine
phosphorylation of proteins

Culture of spleen cells from both pre-exposed and naive mice
induced up-regulation of Bcl-2 expression and serine phosphor-
ylation of a number of proteins, including a broad band at 27 000
MW, tentatively identified as either Bcl-2 or the high-mobility
group-2 (HMG-2) or overlapping bands of both (Fig. 7). In 24-
hr cultures, the levels of serine phosphorylated proteins and Bcl-
2 were comparable in all four groups of cultures, i.e. in naive
and T-CHO presensitized spleen cells cultured in the presence
and absence of T-CHO. After 96 hr of culture, both serine
phosphorylated proteins and Bcl-2 were practically absent in
the naive cells cultured in the absence of T-CHO (Fig. 7, lane 8),
while both were qualitatively much higher in presensitized
spleen cells cultured in the presence of T-CHO (Fig.7, lane
5), and even in comparison to 24 hr cultures (Fig. 7, lanes 1-4).

DISCUSSION

The conclusion that the active components in T-CHO were
carbohydrate was based on the method of preparation and mass
spectroscopic data. The extraction procedure for T-CHO
involved extensive digestion with DNase I, RNase and with
two strong proteases. Absence of proteins in the extract was

confirmed by Kjeldhal analysis and SDS-PAGE. Lipids were
removed by repeated extractions with chloroform and the
smaller molecular weight (< 12000) material by dialysis.
Therefore, it was logical to conclude that the remainder in
the extract was larger molecular weight (> 12000) carbohy-
drates. The abrogation of in vitro stimulatory activity of T-CHO
by an acid hydrolysis procedure recommended for complex
bacterial carbohydrates is indirect evidence that the activity
resided in the polysaccharide fraction of the extract. Formal
proof that T-CHO was carbohydrate was by enzymatic release
of N-linked glycans and chemical reductive elimination of O-
linked glycans followed by chemical derivatization and fast
atom bombardment mass spectrometric analysis, which clearly
showed that the Taenia high molecular weight material was both
N- and O-glycosylated (S. Haslem and A. Dell, Imperial
College, London, personal communication). However, further
chemical characterization is needed to identify the active com-
ponent(s) in order to optimize the immunization protocols.

In summary, our findings show that non-nucleic acid, non-
protein, non-lipid components (putatively identified as N- and
O-linked glycans) in T. crassiceps metacestodes possess immu-
nological adjuvant properties. This finding parallels other stu-
dies showing adjuvant activities for complex carbohydrates
from Schistosoma mansoni eggs'>">"" and fungal cell walls.'®
Second, the adjuvant effect of Taenia carbohydrates favoured a
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dominant IgG1 response, considered to be associated with Th2
type in both rats'®' and mice,? also in agreement with
schistosomal and fungal glycans.'>'>'7'® Third, IL-6 was
the dominant cytokine detected in culture supernates of spleen
cells from mice pre-exposed to T-CHO by i.p. injection and
stimulated in culture with T-CHO. This finding is also in
agreement with studies showing up-regulation of IL-6 by
complex carbohydrates.”>>* This effect was seen as early as
18 hr of culture (data not shown). As naive cells also produced
IL-6 in response to T-CHO, the effect of T-CHO on IL-6 and IL-
10 production was clearly an adjuvant effect. Most importantly,
this adjuvant effect was seen within 24 hr of exposure to T-CHO
in culture.

As we were unable to detect IL-4 in T-CHO-stimulated
cultures, our findings are in apparent disagreement with the
generally held view that IL-4 is the major inducer of, or is
required for, Th-2 responses.?>*> Although we do not rule out
the remote possibility that we failed to detect low levels of I1L-4
in cultures due to technical reasons, we propose that IL-6 plays a
major role in the initiation and maintenance of Th-2 responses
in T-CHO immunized mice. This conclusion is compatible with
reports demonstrating the induction of Th-2 responses in the
absence of IL-4, including IL-47 knockout mice.®'?

Our data support and extend reports that show IL-6 as an
important early response agent that determines the type and
nature of the adaptive response. In murine 7. crassiceps infec-
tions, IL-6 was the major cytokine during the early stages of
infection (up to 4 weeks) and fluctuated inversely with IL-10,
while above normal IL-4 levels were seen only at or after
4 weeks of infection.” Rincon et al.?® have shown that IL-6
is able to initiate an early Th2 response by polarization of naive
CD4™" T cells to effector Th2 cells via induction of endogenous
IL-4 production and simultaneous antagonism of IL-12-
mediated differentiation of Thl cells. However, endogenous
IL-4 cannot account for Th2 responses in IL-47~ knockout
mice.”!? Although IL-6 does not appear to be essential for Th2
responses,”’ it may function either as an alternative to IL-4 or as
a down-modulator of Thl responses'**® or both. In mice
immunized with S. mansoni eggs, the down-regulatory effect
of IL-6 on Th1 responses was attributed to induction of IL-6 by
IL-12, but the ability of IL-12 knockout mice to produce >50%
of the IL-6 produced by wild-type mice'* suggests alternative
mechanisms of IL-6 induction by S. mansoni eggs.

We are of the opinion that the role of IL-6 in parasitic
infections is more general and important than hitherto recog-
nized. Supporting this view are studies that show high levels of
IL-6 in T. crassiceps infections,zg’30 the increase in the number
of gut cells expressing IL-6 mRNA in sheep immunized with
Trichosirongylus colubrofonizis,>' the association between IL-6
and host immunity in mice infected with Nippostrongylus
brasiliensis,>* S. mansoni-induced synthesis of IL-6 in pulmon-
ary microvascular endothelial cells,?® the requirement of IL-6 in
host resistance to Trypanosoma cruzi infections,®® and the
correlation between local and systemic IL-6 levels and inflam-
matory responses in experimental®® and in human schistoso-
miasis.*®

Our observation that Taenia carbohydrates had Th2-like
adjuvant activity against an unrelated antigen is analogous to
the report showing schistosome egg antigens down-regulating
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Th1 responses and elevating Th2 responses to an unrelated
foreign antigen.’” Okano er al.'>'® also found that carbohy-
drates of soluble egg antigens of S. mansoni induced strong IgE
and IgGl1 responses to human serum albumin. We propose that
adjuvant activity of complex carbohydrates is a more general
property, not limited to parasite carbohydrates, as demonstrated
by the Th2 adjuvant activity of fungal cell wall $1-3 glucans.'®

The molecular mechanism(s) of parasite carbohydrate-
induced Th2 responses in parasitic infections remains largely
unknown, except for the emphasis placed on the balance
between key Th1/Th2 cytokines.*'* In the schistosome
model, we have postulated that the nuclear high-mobility
group-2 protein (HMG-2) may function as a putative nuclear
receptor for parasite carbohydrates and may up-regulate cyto-
kine expression at transcription level.'” We have extended these
studies to T-CHO and found that T-CHO indeed altered tran-
scription of HMG-2 protein in cultured spleen cells (data not
shown). This is also in agreement with the reported up-regula-
tion of IL-6 (with IL-1, tumour necrosis factor-o, IL-8, but not
IL-10) synthesis in human monocytes by the related high
mobility group-1 (HMG-1) protein®® and by fungal glucans
in human fibroblasts.”> Our data also show a role for serine
phosphorylation and Bcl-2 up-regulation in parasite carbohy-
drate induced Th2 responses. In agreement with reports that
show IL-6 functioning in association with Bcl-2,%** we would
like to speculate that selective proliferation or longer survival of
Th2 cells could contribute to the Th2 effect of parasite carbo-
hydrates, mediated via IL-6, in addition to its Thl down-
modulatory function. Our observations that T-CHO and staur-
osporine had opposite effects on IL-2 and IL-6 secretion in T-
CHO-stimulated spleen cells, and that T-CHO induced serine
phosphorylation and up-regulated Bcl-2 expression, implicate
multiple cell types and signalling mechanisms in Taenia car-
bohydrate-induced Th2-like responses.
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