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T Cell Clones from Schistosoma haematobium Infected
and Exposed Individuals Lacking Distinct Cytokine
Profiles for Th1/Th2 Polarisation
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T cell clones were derived from peripheral blood mononuclear cel&chfstosoma haematobium
infected and uninfected individuals living in an endemic area. The clones were stimulat&l with
haematobiunworm and egg antigens and purified protein derivative. Attempts were made to classify
the T cell clones according to production of the cytokines IL-4, IL-5 andyl®\-the T cell clones
derived were observed to produce cytokines used as markers for the classification of Th1/Th2 subsets
However, the ‘signature’ cytokines marking each subset were produced at different levels. The classifi-
cation depended on the dominating cytokine type, which was having either ThO/1 or Th0/2 subsets. The
results indicated that no distinct cytokine profiles for polarisation of Th1/Th2 subsets were detected in
theseS. haematobiunmfected humans. The balance in the profiles of cytokines marking each subset
were related to infection and re-infection status after treatment with praziquantel. In the present study,
as judged by the changes in infection status with time, the T cell responses appeared to be less stabl
and more dynamic, suggesting that small quantitative changes in the balance of the cytokines respons
could result in either susceptibility or resistant3ohaematobiurmfection.
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Evidence accumulated has underlined the ex- Th2 lymphocytes are known to produce IL-4,
istence of functionally distinct T helper (Th) celllL-5, IL-10 and IL-13, which are essential for the
subsets. These Th cells originate from CD4ell  production by B cells of IgE, IgG1, IgA and IgM
precursors and are defined by the cytokines thentibody isotypes and eosinophil and mast cell
produce (Mosmann et al. 1986, Mosmann &activation. Th2 type cells are believed to be essen-
Coffman 1989). These subsets have been showntial in human protection from schistosome infec-
have a central role in the control and regulation dfons but have been shown to play a role in pathol-
many immune responses including those directashy which accompanies the deposition of eggs in
against parasitic infections such lasishmania the tissues 0o6. mansoninfected mice (Sher &
major andSchistosoma mansorin murine mod- Coffman 1992).
els ofS. mansoninfection, a well defined Th sub-  The patterns of cytokines produced by mouse
set dichotomy has been reported in which T helperLcell clones seems adequately defined by the Thl
(Th1) produce interferon gamma (IR)-and tu- and Th2 labels (Mosmann & Coffman 1989). Ini-
mour necrosis factds- (TNF-3), which activate tially the same classification was applied to human
macrophages as part of a delayed type hypersensgicell clones but the results of studies of T cell
tivity (DTH) reaction. The reaction was reported taclones derived from patients with schistosomiasis
provide protection againSt mansoninfection in  showed a lack of distinct Th1/Th2 polarisation ob-
mice (Sher et al. 1990). served in murine models. Instead, responses ranged
from ThO, Thl, Th2 to Th3 (Romagnani 1991,
Couissinier-Paris & Dessein 1995). Many groups
have reported peripheral mononuclear cells (PBMC)
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man schistosomiasis suggests that the observied) 13 mm polyamide Nytr&M filters and 5-10%
differences in the cytokine production in the mouseugol’s iodine stain, to help visualise the eggs
are more likely to reflect differences between théMott et al. 1982). The filters were examined for eggs
murine models and humans (Couissinier-Paris &f S. haematobiuprand counts were expressed as
Dessein 1995). Additional studies are therefore reeggs per 10 ml of urine (ep10 ml). Intensity of infec-
quired on human schistosomiasis from differention was classified as negative: no eggs detected;
transmission areas in endemic zones and on diffarery light: <10 ep10 ml; light: 10 to <50 ep10 ml; or
ent schistosome species. heavy: 50 or more ep10 ml.

The studies cited above have associated the Stool samples were examined by the Kato-Katz
dominance of the particular sets of cytokines praechnique as modified by Peters et al. (1980). Stool
duced by PBMC to a patrticular Th cell subset andamples were collected and processed to exclude
are therefore of limited value in determining the prethose withS. mansoninfection from the study.
cise details of the Th cell dichotomy of the immune  Collection of venous bloodAbout 20 ml of
response to schistosome infection. In contrast teenous blood were collected from the cubital vein
studies using PBMC, the use of T cell clones praosf each child by venepuncture using 21G cannulae
vides an opportunity to examine responses undato sterile syringes pre-loaded with 5-10 U/ml hep-
well-defined culture conditions. The present studgrin for later separation and collection of PBMC.
was designed to develop T cell clones from th&amples were transported in a cooler box and were
PBMC from S. haematobiumnfected and processed at the laboratory within 2 h of collec-
uninfected children living in an area of high transtion.
mission ofS. haematobiungtudies of the cytokine Treatment -All children were treated with
production of such T cell clones would shed sompraziquantel, given as a single dose of 40 mg/kg
light on the immune processes triggered by naturbbdy weight, at the end of the first (pre-treatment)
repeated exposures $0 haematobiurinfection.  examination and retreated at the end of the 2 year

follow-up.
MATERIALS AND M_ETHODS PBMC separation Blood was layered gently

‘Study area and population The study popu- into sterile LeucoSep tubes, prespun with
lation was selected from a farming community of ymphopreg™ (Nycomed) and centrifuged at 450
The Burma Valley Area, Eastern Highlands o%kg/20 min. The method for cell separation employed
Manicaland Province in Zimbabwe. The farmingdensity gradient centrifugation of anti-coagulated
activities were based on both irrigation and on segjiood on a dense solution of lymphoprep
sonal rains. There is a permanent river which floylNycomed), using a modified method (Boyum 1968,
into a dam and several seasonal river tributariegiunt 1978). The white buffy layer containing the
The community has lov.mansonprevalence pBMC at the plasma/lymphoprep interface was
(about 4%, Ndhlovu, pers. commun.) and a [8gh pipetted into another sterile tube. The remaining
haematobiuminfection prevalence and subjectsymphoprep with the red cells and granulocytes
were selected from Valhalla primary school whichyas discarded. Aspirated PBMC were resuspended
is situated in this community. in complete media (RPMI1640 supplemented with

Four school children, aged 10, 11, 11 and 12.4 mM sodium hydrogen carbonate, 1% gen-
years were selected for a detailed study of thejamycin, 2 mM L-glutamine, 10% FCS serum, 1%
cellular immune response by cloning T cells denon essential amino acids, 1% sodium pyruvate
rived from their PBMC prior to treatment with and 25 m[\/B-Z-Mercarptoethano|) and washed by
praziquantel. Two of the children were infected, ongentrifugation at 350 xg/15 min. The cells were
moderately and the other heavily with. washed again in complete medium and collected
haematobiunas determined by egg counts on uringy pelleting at 300 xg/10 min. The supernatant was
Specimens. Neither of these children had reCEiVQjﬁcarded and the cells resuspended into 3 ml of
treatment in the two years before the study. Theomplete media. The resuspended cells were
other two children were uninfected. ~ aliquoted and distributed equally into three 1.8 ml

Parasitology -Urine samples for parasitologi- sterile Nunc tubes, mixed with 1 ml freezing medium
cal examination fos. haematobiunmfection were (RPMI1640, 25% FCS, 20% DMSO) and immedi-
qollected from all the individuals on three consecuately transferred for freezing by gradient freezing
tive days and were processed on the day of collegrliquid nitrogen following a given standard curve
tion. Samples were collected between 10 a.m. an@viid 1990).

p.m. to coincide with peal. haematobiuneggy PBMC proliferation assays using tritiated thy-
excretion in urine (Warren etal. 1978). Urine samplegidine - The cryopreserved PBMC were rapidly
were examined for urinary schistosomiasis by filthawed at 37°C and transferred asceptically into 10
tration of 10 ml samples after thorough mixing usm| washing media (RPMI1640, 1% gentamycin, 5%
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human AB serum). The cells were washed by cemrowing clones were selected for further study and
trifugation at 300xg/10 min to remove the DMSCthe clones were then expanded first in 96 well round
and resuspended in 1 ml complete medium contaibeottomed plates then 48 well plates and finally in
ing 10% AB serum and 583/ml gentamycin. Cell 24 well plates (1 ml/well) by re-stimulation every 15
viability and concentration was determined bydays with irradiated feeder cells at 7.5 ® ¢6lls/
counting 20ul of the resuspended cells in trypanml, with 2pg/ml PHA-P and 20 IU/ml hIL-2. T cell
blue (0.2% w/v). A final viable cell concentration ofclones (TCC) were maintained in complete media
approximately 1 x ®cells/mlwas cultured in2Q0  with 10% FCS supplemented with 20 U/ml hiL-2
volumes in duplicate in 96 well flat bottomed cul-between each stimulation.
ture plates. The cells from each individual had a Antigen specificity test of clonesTCC were
negative control (unstimulated cells) and as postested for their proliferative response to parasite
tive control, cells stimulated with 1Qg/ml antigen 10-15 days after the last stimulation. After
Phytohaemaglutinin (PHA). Th®. haematobium two washes in RPMI supplemented with giml
antigens SEA and SWAP were used to study spgentamycin, the cells were suspended in complete
cific stimulation of the cells at 4@y/ml. The plates media with 10% FCS and seeded at 2%cHls per
were incubated in a 5% C@umidified incubator well in flat bottomed microtitre plates containing 5
at 37°C for 6 days. The cells were pulsed wititl  x 10* (cells/ml) irradiated (3500 rad) autologous
tritiated thymidine (methyPH-thymidine, PBMC. After addition of parasite antigen or (non-
Amersham, UK) after 5 days incubation, and furspecific) mitogen (PHA-P), cultures were incubated
ther incubated for approximately 18 h. The cell$or 3 days at 37TC in 5% CQ in an humidified air.
were then harvested onto filters using a semi-aut@ultures were pulsed with 5-bromo-2'-deoxyuridine
mated cell harvester and the filters rinsed with digBrdU; Boehringer Mannheim) during the last 16-
tilled water to remove unincorporated tritiated thy-18 h. After aspirating the labelling media, cells were
midine. briefly further cultured in incomplete media for 2 h
The amount of tritiated thymidine incorpora-at 37°C in 5% Cohumidified incubator. The cells
tion induced by antigen or mitogen was determinedere then washed and the plates dried before fix-
with a Liquid Scintillation Analyser (TRICABY,  ing and denaturation of the cells with Lysis and
Model 1600 CA Packard USA). Data were expressdeixing reagent (FixDena¥) solution and incubat-
as stimulation index of mean counts per minute (Slihg for 30 min at room temperature. The FixDenat
calculated as follows: Sl of mean cpm = mean counigas removed by washing 3x, the anti-BrdU labelled
from stimulated cells divided by mean counts fronwith peroxidase dismutase (POD) added and incu-
control (unstimulated) cells. bated for 3 h at room temperature. The plates were
T cell lines for T cell clone derivation and Tthen washed 3x before adding substrate and the
cell clones Shortterm T cell lines (TCL) were es-absorbance measured using an ELISA reader set at
tablished from the PBMC of subjects numbers 309105 nm with 630 nm as the reference wavelength.
311, 329 and 350, all from the high transmission Stimulation of TCC for cytokine productien
area. The frozen PBMC were retrieved from liquidr CC were stimulated for assay of lymphokine se-
nitrogen and rapidly thawed with constant agitaeretion 10-15 days after the stimulation with feeder
tion, until a small ice crystal remained, they wereells and PHA-P. The feeder cells have a limited
then transferred to incomplete media (RPMI164djfe-span and having been irradiated were consid-
1% gentamycin and 5@g/ml gentamycin. After ered to be no longer active, and the TCC produced
washing twice, the cells were resuspended in como lymphokine spontaneously. The TCC were
plete media containing 10% human AB serum andiashed twice and seeded a® £6lls/100ul in flat
seeded at 1 x f@ells/mlin the presence of g/  bottomed microtitre plates in complete media with
ml SEA, SWAP or PPD. After 6 days at’87in 5% 10% FCS. The cells were then incubated for 24 h at
CO, in humidified air, cells were washed and resus37°C, in media alone or in the presence of mitogenic
pended in complete media containing 10% humastimuli: 20 ng/ml anti-CD3 antibody plus 10 ng/ml
AB serum supplemented with 10 IU/ml human IL-2 PMA (Phorbol-12-Myristate 13-Acetate) and 2 ng/
and cultured for 5-10 days. After the first stimula-ml PHA-P plus 10 ng/ml PMA. Cell free superna-
tion the TCL were directly cloned by the limiting tants were collected 24 h later under sterile condi-
dilution method (Lefkovits & Waldmann 1984). Cellstions and were stored at —70°C before assaying for
were seeded at 0.3 or 1 cell/well in the presence oftokines. All the supernatants derived from TCC
irradiated (3500 rads) heterologous PBMC as feederere tested for IL-4, IL-5 and IN¥-
cells (5 -7.5 x 1®cells/ml), PHA-P at ig/ml and Cytokine titration by ELISA Cytokine detec-
hIL-2 (20 IU/ml). The clones were left to proliferatetion was performed on the supernatants harvested
and expand for 2-4 weeks, with repeated observafter 24 h mitogenic stimulation. The Nunc-
tion. Plates with less than 30% of the wells witHmmunoplates Maxisof! (InterMed) were coated
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with anti-human monoclonal antibodies (mAb) at  Statistical analysis The levels of IFNy, IL-4
0.5ug/ml for IFN-yand at Jug/mlfor IL-4 and IL-5 and IL-5 were expressed as pg/ml. The data sets
in carbonate/bicarbonate buffer at pH 9.6 at 4°C omere mostly not normally distributed hence non-
a shaker. After the overnight incubation, the platggarametric tests were used for the analyses.
were washed twice with PBS containing 0.05%Wilcoxon matched pairs sign ranks test was used
Tween 20 at pH 7.2 and then blocked with completiar comparison between two cytokine phenotypes
RPMI for 1 h at room temperature. The RPMI wa®f each clone. Kruskal-Wallis one-way ANOVA was
aspirated and the plates washed once with PBSed to compare the cytokine levels of all the clones.
containing 0.05% Tween 20. Standards for eachhe Mann-Whitney Rank sum test was used to
cytokine were added in duplicate for each concemompare the responses of the antigen specific and
tration within the range 15-2000 pg/ml. Then varinon-specific clones.

ous dilutions of clonal supernatants were added in To reduce the risk of type 1 errors arising from
duplicate and diluted in complete RPMI at 1/4 fomaking multiple pairwise comparisons, Bonferroni’s
the control, 1/5, 1/25 and 1/125 for the samples andethod was applied which uses the functiorog =
incubated over night at 4°C on a shaker. After thram, wheren is p constant for statistical comparison
washes with PBS+0.05% Tween 20, the plates weeand m is the number of comparisons. When com-
incubated for 4 h at room temperature with a se@arisons were made of levels of cytokines produced
ond anti-human biotinylated monoclonal antibodyby TCC from an individual, the revised significance
specific for each cytokine, at Qu§/ml for IFNy, 1 level was; p = 0.05/3 = 0.017; because three com-
pg/ml for IL-4 and IL-5. After washing 3x with parisons (PPD, SWAP and SEA) were made at each
PBS+0.05% Tween 20, streptavidin-alkaline phogime point.

phatase conjugate or an alkaline phosphatase-con- Each clone was categorised as a T helper class
jugated mADb at a dilution of 1/2000 for IFNand  using a ratio obtained from the measured classes
IL-4, and at a dilution of 1/2500 for IL-5 then incu- of cytokine IFNy, IL-4 and IL-5. The ratio was ob-
bated for 2 h at room temperature. Enzymatic activained using the following expression:

ity was determined by incubating the plates with p- _ . .

nitrophenyl phosphate (SIGMA FAS™. Absor- X=IL-AIFN-yor IL-5:1FN-y
bance was read at 405 nm with 630 nm as the refé@ased on the ratio, the phenotype of each clone
ence wavelength on a DIAS Multiscan readewas reported as Thi, Th0/1, Th0/2 or Th2 as shown
(Dynatech Laboratories). The standard curves wek@low:

calculated for each plate according to the sigmoid x<0.1 then the clone is Thl
curve equation: Y = D+(A-D)/(1+(X/®&) Where X 0.1<x<x1 thenthe cloneis ThO/1
is the cytokine concentration and Y is the absor- 1<x<10 then the clone is Th0/2
bance at 405 nm; A, B, C and D are constants. x>10 then the clone is Th2

CD4* and CD8 surface phenotyping Ap-
proximately 16 cells/well of each TCC were placed
into each of three wells for assessment of CD4 a
CD8 numbers, with the third well serving as thg
control. The TCC were then centrifuged and th
culture medium supernatant aspirated. The cel
were washed with 2Q@ PBS buffer by centrifuga- RESULTS
tion at 400 xg/5 min. The supernatant was discarded parasitology- Of the four children selected

and the cells resuspended in a solution containifghm the high transmission area, two were infected
mouse anti-human IgG primary monoclonal antiwith S. haematobiurand the other two were not
bodies (diluted in PBS with 0.1% BSA) specific forinfected as indicated by the urine examinations.
CD4 and CD8 surface markers. The TCC were themarasitology results for the four children at various
incubated at room temperature for 45-60 min, aftemes during the study are shown in Table I. Child
which the cells were washed twice in 180f PBS  humber 309, was heavily infected with a mean egg
by centrifugation at 400 xg/5 min. Then iDof  counts of 53 eggs per 10 ml of urine. The other
FITC-conjugated anti-mouse IgG diluted 50x in PB&hild, number 350, was moderately infected with an
with 0.1% BSA was added and incubated at rOOr@gg output of 20 eggs per 10 ml of urine. The hea\/”y
temperature for 45-60 min. The cells were washegfected child became heavily reinfected by one
twice and then re-suspended in PBS + 0.1% BSAyear post treatment (115 ep10ml) and was re-treated,
EDTA. Cells were mounted in PBS + 50% glycero{yhile the other initially moderately infected child,
(1:1 cell suspension: PBS/glycerol) and observegs, remained uninfected during the two year fol-
by fluorescent microscopy. low-up. The two children initially uninfected were

A similar classification has been proposed for
classification of human TCC during leishmaniasis
d schistosomiasis mansoni although it remains
be tested in further studies (Couissinier-Paris,
Sers. comm.).
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TABLE |

Results ofSchistosoma haematobiyarasitological examination (eggs/10 ml of urine) over a two year follow-up
period of the children whose peripheral blood mononuclear cells were cloned. The egg counts were determined by
filtration of 10 ml of urine collected on three consecutive days

Subject Baseline Months post-treatment

(age) pre-treatment 3 6 9 12 15 18 24
Infected

309 (11) 53 0 0 0 0 0 115 70
350 (12) 20 0 0 0 0 0 0 0
Uninfected

329 (10) 0 0 0 55 82 27 11 ND
311 (11) 0 0 0 0 0 7 7 4
ND: not done

found to be infected when examined at six months TCC - antigen specificity and surface pheno-
post-treatment (child 329) or one year post treatype - After expanding the TCC, each clone was
ment (child 311). The intensities of infection in thesgested for antigen specificity using the antigen used
children were heavy and light, respectively (Tablén their derivation. The PBMC from the heavily in-
). fected child had few TCC testing positive to the
Proliferation- The PBMC from each of the chil- worm and egg antigens the general response could
dren were examined for proliferative responses tioe related to the antigen stimulation assays in which
mitogen and worm and egg antigens. The proliferahe response was low. The other children had high
tive responses of PBMC from children 329numbers of TCC testing positive to the worm and
(uninfected), 309 (infected) and 350 (infected) weregg antigens used to derive them. The total num-
not statistically significantly different from one ber of TCC derived which were antigen specific
another but there was a clear biological trend of theere used in the analysis of the cytokines profiles
PBMC from child 329 (uninfected) having higherand ratios. All the tested TCC were CD@osi-
levels of proliferation to schistosome antigen. Théve).
proliferative responses of PBMC from child 311 ; . :
(uninfected) were higher than the responses of tr%/tOkme profiles, ratios and T helper subsets
PBMC from the other three children (Fig. 1). Child 309 (heavily infected) The TCC from
the heavily infected child gave a high IL-5:IFN-
ratio for the clones derived from worm and egg an-

600 tigen stimulation, while the egg antigen derived TCC
- showed a high IL-4:IFN¢ratio. The PPD derived

500 — TCC showed a low ratio for both comparison of IL-
. 4:IFN-yand IL-5:1IFNy (Fig. 2). The infected child,

4007 309, showed an IL-5:IFN+atio of approximately

10, indicating the levels of IL-5 being 10 times the
levels of IFNy, indicating the cytokine balance of
the response tipping towards a Th2 type.
TCC derived from either worm or egg antigen
100 stimulation of PBMC from the heavily infected child,
7 ﬂ_ HE E 309, using IL-4:IFNy ratio, proved to be predomi-
I I I nantly classified as Th0/2 subset and a small num-
309Infected  3501Infected 329 Uninfected 311 Uninfected ber of TCC being classified as Th0/1, Thl and Th2

i Sibject type. Using the IL-5:1FN¢ ratio, some of the T cell
clones were classified as Th2 type. However, the
[]ea Il s B s PPD derived TCC produced cytokines that led to

their being classified as Th0/2 (Table lla).

Fig. 1: the levels of proliferation to PHA and schistosome C_h'ld 350 (mOderately 'nfECted)The moder-
antigen (SWAP and SEA) stimulation of peripheral blood@tely infected child, 350, had TCC derived from worm
mononuclear cells from children before deriving T cellantigen stimulation of PBMC giving a high IL-5:1FN-
lines for T cell cloning. Proliferation levels were deter-yratio, while the egg antigen derived TCC showed
mined by tritiated thymidine incorporation. a high IL-4:IFNy ratio. The PPD derived TCC
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Fig. 2: Schistosoma haematobiuimfected subject: 309. Cytokine ratios, IL-4:IRNand IL-5:IFNy from the clones
according to stimulation with worm (SWAP), egg (SEA) antigen and purified protein derivative (PPD). The number of
clones tested is shown in brackets.

showed a low ratio for both comparison of IL-4:IFN-dominantly ThO/2 type, with a small percentage of
yand IL-5:IFNy (Fig. 3). The infected child, 350, TCC being classified as Th0/1 and Th1 types). Child
showed an IL-5:1FN¢ ratio of approximately 10, 329, showed a mixed cytokine environment of the
indicating the levels of IL-5 being 10 times the levresponse, with neither Th subset dominating
els of IFNy (Fig. 3), indicating the cytokine bal-  Child 311 (uninfected)fhe mean cytokine ra-
ance of the response tipping towards a Th2 typgos from TCC from the uninfected child 311 showed
TCC derived from either worm or egg antigen stimuhigher IL-5:IFNy ratios than IL-4:IFNyfor all the
lation of PBMC from the moderately infected child,stimulants (Fig. 5). The TCC from uninfected chil-
350, using IL-4:IFNy ratio, proved to be predomi- dren showed the IL-5:IFN+atio to be higher than
nantly classified as Th0/2 type (Table Ila). A smalthe IL-4:IFN+y for the TCC derived from egg and
number of the TCC were classified as Th0/1 andiorm antigen stimulation of PBMC. The child 311,
Th2 type. When using the IL-5:IFiratio, a simi- showed the IL-4:IFN¢and IL-5:1FNy ratios being
lar distribution of the TCC as for IL-4:IFMwas high, showing the levels of IL-4 and IL-5 to be ap-
observed (Table IIb). The PPD derived TCC proproximately 10 times the levels of IFNEFig. 5),
duced cytokines that led to their being classifiedhowing the cytokine environment tipping towards
as predominantly Th0/2 with a small number of TCG strong ThO0/2 type.
as Th0/1 and Th1l type (Table IIb). TCC derived from worm and egg antigen stimu-
Child 329 (uninfected) The mean cytokine lation of PBMC from uninfected child, 311, using
ratios from TCC from the uninfected child, 329IL-4:IFN-yratio, proved to be predominantly clas-
showed a high IL-5:IFNtratio from the egg anti- sified as ThO/2 type. A small number of T cell clones
gen derived clones only, with the other ratios bewere classified as Th0/1 and Th2 type (Table lla).
ing low (Fig. 4). TCC derived from either worm orUsing the IL-5:IFNy ratio, similar distribution of
egg antigen stimulation of PBMC from thethe TCC as for IL-4:IFN¢ was observed with the
uninfected using IL-4:1FN¢ratio, proved to be pre- TCC predominantly being classified as Th2 type
dominantly classified as Th0/2 type (Table Ila). A(Table lIb). The PPD derived TCC showed similar
small number of TCC were classified as Th0/1 andlassification patterns as for the schistosome anti-
Th2 type. Using the IL-5:IFNrratio, most of the gen derived TCC. The cytokines produced led to
TCC were classified as Th0/2 with a small numbethe TCC being classified as Th0/2 type, with an
of TCC being classified as Th0/1 and Thl typesicreased percentage of TCC being classified as
(Table lIb). The PPD derived TCC producedTh2 types.
cytokines that led to their being classified as pre-
dominantly Th0/2 with a small number of TCC as . D.ISCUSSION
Tho/1, Thl and Th2 type (Table Iib). The cytokines At the beginning of the study and subsequent
produced led to the TCC being classified as prdollow up after treatment, the children showed dif-



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 96, Suppl., 2001 95

TABLE IIA ter stimulation with schistosome-specific antigens.
as was reported in adults chronically infected with
_The distribution of the derivec_i T cell clones (number) s, manson(Ottesen et al. 1977, 1978, 1979, Colley
into T helper subsets according to IL-4:1fNThe T gt 5. 1977a, b, 1986, Roberts et al. 1994). The results
cell clones are classified according to subject and they, 4t the heavily infected child gave very low levels
stimulant used to derive the clones of proliferation to schistosome-specific antigens,
Subject/stimulant Thl Th0/1  Tho/2 Th2  while the moderately infected gave slightly raised
Infected children levels of proliferation were similar to those reported

309 worm 4 13 2 onS. haematobiunmfected patients (Grogan et al.
309 egg 1 2 10 1 1996, King et al. 1996), where unresponsiveness
309 PPD 1 7 7 was seen prior to treatment, but increased several
350 worm 15 48 5 fold high after treatment. Such unresponsiveness
350 egg 1 8 3 is thought to be the way the immune response is
350 PPD 9 regulated during heavy infection when the para-
Uninfected children site establishes a favourable environment which is
329 worm 2 9 30 2 peneficial to itself. Since heavy infections normall
329 eqgg 19 2 . ’ VYl L y
329 PPD 3 10 take some time to apcqmulate in an individual, the
311 worm 1 12 4 hegvny mfeqteo! chllq in this study probably ac-
311egg 4 27 5 quired their first infections at an early age and might
311 PPD 1 5 2 now be considered to have a chronic infection.

Levels of proliferation in non-infected individu-
TABLE IIB als, to the schistosome antigen stimulation were
The distribution of the derived T cell clones (number)Observed to be high thus suggesting an acute in-
into T helper subsets according to IL-5:IFatio. fection. During an acute schistosomiasis infection
The T cell clones are classified according to subject arfie immune response is characterised by raised lev-

the stimulant used to derive the clones els of proliferation by PBMC on stimulation with
Subject Thi Tho/l  Tho/2 Th2 .schist.osome an_tigen, but duri.ng heavy or chronic
- infection some immune evasion mechanism that
Infected children includes immunomodulation by the worms renders
ggg worm 1 % 18 the host unresponsive to any further stimulation.
€99 Some cellular studies (Colley et al. 1977b, Ottesen
309 PPD 1 14 . . 4
& Poindexter 1980, Gazzinelli et al. 1985), reported
350 worm 1 32 13 . .
350 egg 2 9 1 the presence of some suppressive factors in serum
350 PPD 1 4 4 of §ubjects who had a long duration _of infection,
Uninfected children which suggested thatimmunomodulation is a char-
329 worm 1 5 32 acteristic of those individuals who are heavily or
329 egg 1 1 10 6  chronically infected, whereas individuals in acute
329 PPD 1 4 6 2 stages of infection have strong cellular responses
311 worm 1 21 to specific schistosome antigens. However, in an-
gﬂ ngFgD é6 Zg other study (Colley et al. 1986) an association was

reported between levels of response to antigens
PPD: purified protein derivative and levels of reinfection. People who were reinfected
had lower responses to schistosome antigens than
people who remained uninfected. Similar prolifera-
tion results were obtained in this study from chil-
ferent levels ofS. haematobiurinfection, which  dren 311 and 329, who were uninfected, but child
might be interpreted as supporting the idea frorg29 gave lower levels of proliferation to schisto-
several immunological field studies that individu-some antigen stimulation than child 311 and be-
als living in endemic areas have different immun@ame infected earlier.
responses, making them either resistant or suscep- The TCC from infected children, 309 and 350,
tible to infection. and one of the uninfected children, 329 (who be-
T lymphocytes play a significant and importanicame heavily infected early), produced either high
role in immune responses to infection with schistatevels of IFNy and IL-5 but low levels of IL-4 or
somes through the different members of theimilar levels of IFNyand IL-4. This may indicate
cytokine classes they produce. During heavy schighat during schistosomiasis infection and suscep-
tosomiasis infection, it is usually observed that thehility (as in child 329) either IFN¢s found domi-
PBMC do not give raised levels of proliferation af-nating or the two Contrasting Cytokines (|[§¢|‘&nd
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Fig. 3: Schistosoma haematobiumfected subject: 350. Cytokine ratios, IL-4:IRNand IL-5:IFNy from the clones
according to stimulation with worm (SWAP), egg (SEA) antigen and purified protein derivative (PPD). The number of
clones tested is shown in brackets.
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IL-4) are produced at similar levels, though thd9G1 and IgA) and also that IL-4 may be involved
sample size limits confidence in this interpretationin activation, proliferation, differentiation and en-
The egg antigen derived TCC produced similar ley?@nced production by B cells of antibodies which
els of IFNy and IL-4, while the worm antigen de- May be involved in ADCC reactions during schis-
rived TCC produced predominantly higher level§0some infection (Romagnani 1991, 1994, Abbas et
of IFN-y than IL-4. This would suggest that differ- al- 1996, Mosmann & Sad 1996).

ences in responsiveness of the schistosome anti- High IFN-y levels may be a feature of moder-
gens is dependent on the life cycle stages. Trdely infected individuals or individuals who,
TCC derived by stimulation with egg antigens hadhough uninfected may be at least partially sus-
the ability to produce IFN-and IL-4 at similar lev- Ceptible to as evidenced by the results of infection.
els in individuals who were moderately infected an&uring heavy or chronic infection (as in child 309)
the child 329 who appeared susceptible to infedduch of the T cell responsiveness may be down-
tion. The cytokine levels from the other uninfectedegulated, effectively ‘switched off’ and this is re-
child, 311, showed high levels of IL-4 and IL-5, butflected in low levels of IFNx. The raised IFN¢

low levels of IFNy. The fact that high levels of IL- levels of the infected child, 350, and uninfected
4 production may be associated with absence 8fild, 329, may be indicative of continuing T cell
infection or resistance to infection, may be sup-€activity in these children. The presence of sig-
ported by the results of child number 311 whicHificant levels of IL-4 and IL-5 in these children
showed high levels of IL-4 and IL-5. Raised levelgnay indicate that this is a crucial stage in the devel-
of IL-4 and IL-5 (Th2 type cytokines) were clearlyopment of thellr responses to infection when IL-4
related to a lack of infection as shown by high levor IL-5 are beginning to dominate the response thus
els in the uninfected child, 311. The TCC from thigesulting in the dominance of humoral responses.
child were classified as predominantly Tho/2 andf may be possible to speculate that at this stage
Th2, which indicated that a cytokine balance thdf€ immune responses may continue to develop
was dominated by IL-4 and IL-5 over IFNs pro-  9iving rise to protection. This of course will, in part,
tective. The production of IL-4 may suggest a probe dependent upon the cytokine profile which domi-
tective role of this cytokine in this child. This sup-Nates. The presence of IRNwnay not denote sus-
ports that IL-4 may be involved in switching B cellsceptibility but instead a raised level of IRNnay

to secrete specific antibody isotypes (notably IgEndicate a developmental stage in acquisition of
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protective immunity with the IFN-mobilising the based on the murine classification. Instead ThO/1
cells that may be involved in later protective reand ThO/2 subsets were isolated and the possibil-
sponses. The presence of IFMiay mark an im- ity remains that these could have further differenti-
mune state which is not sufficient to give completated into Thl and Th2 if exposure and infection
protection. The dominance of IFNmay also mark had continued.
the presence of Th subsets that develop through a The children were residents iSahaematobium
ThO phase then into Thl, during early infectiorendemic area and showed high levels of IL-5. IL-5
and become further polarised as the infectiors the principal eosinophil-activating cytokine and
progresses. eosinophils have been reported to be elevated in
Antigen dosage studies suggest that it is thiadividuals with parasitic infections (Hagan et al.
initial response event that determines the cytokind-985a, b, Butterworth et al. 1992). However both IL-
producing phenotype and this may be under theand IL-4 are normally expressed together although
influence of factors present at the time of primanat different levels. The co-expression of the two
stimulation (Parish & Liew 1972). In these expericytokines by the same T cell subsets may indicate
ments low doses of antigen favoured cellular imtheir involvement in a common effector mechanism.
munity; intermediate doses, humoral immunity an&everal other cytokines produced by Th2 cells play
high doses both cellular and humoral immunityan anti-inflammatory role. For example, IL-4 and IL-
Assuming that cellular immunity represents IlfN- 10 antagonise the macrophages-activating action
dominated responses and the humoral immunitgf IFN-y (Fiorentino et al. 1991, Del Prete et al. 1993).
IL-4-dominated responses, commitment to fFN-IL-10 also suppressing macrophage responses re-
or IL-4 production may be determined in part bysulting in an anti-proliferative response of cells
the concentration of antigen and the time the antfKing et al. 1996). Thus Th2 type cytokine re-
gen persists in the body. The data might be useds$ponses may act as inhibitors of acute and chronic
support the idea that the moderately infected indinflammation and as a result act as regulators of
vidual (350) and the individual showing thecellular immune responses and not necessarily as
cytokine phenotype tipping towards susceptibileffectors in the same manner as Th1l cells. Th1 may
ity (329) show elevated IFNand presence of low appear early in an immune response, generating a
levels of IL-4 could be considered to downregulatdhl cell-mediated protective immune response,
IFN-y and its likely damaging effects. At the samavhile Th2 type comes late to control the damaging
time IFNy may be inducing macrophages to exeffects potentially caused by Thl-mediated re-
press MHC class Il for antigen presentation duringponse and is believed to accumulate as the re-
light infection helping curb the invading parasitesponse progresses (Pearce et al. 1991, Sher et al.
and limiting the antigen load by driving the immunel991).
response toward killing of the invading parasite. Both subsets are believed to originate from the
When such an immune response takes place, tee@me T cell precursor whose differentiation is in-
events lead to expression of both Th-like responséisienced by the manner and environment in which
that resultantly downregulate each other. Thehe precursor is stimulated (Swain et al. 1990, 1991,
cytokine phenotypes lead to the T cell clones belaneway & Bottomley 1994). The production of the
ing classified as Th0/2 with some clones being classignature’ cytokines may indicate the developmen-
sified as ThO0/1 and Th1 for the moderately infectethl processes to originate from the same precursor
and the susceptible child. cell. During schistosome infection, events may take
Th1/Th2 polarisation is thought to increaseplace in stages with the initial stage being the de-
with the chronicity of the immune responses whiclvelopment of Thl type of response which has been
in turn depends on intensity of exposure to infeaevealed at a clonal level by the dominance of IFN-
tion and the consequences of the exposure. SompeThe progression of the disease seems to lead
reports have described that mixed cytokine pattermsto Th2 type response shown by raised levels of
exist early in lymphocyte activation with a cleareiL-4, this status having the ability to suppress the
Thl and Th2 subset definition in chronic diseasearlier events dominated by IFNef the Th1l re-
states (Chikunguwo et al. 1991, 1992, Seder et alponse. In this study the major ‘signature’
1993, Abbas et al. 1996). Although the children iytokines marking Thl or Th2 subsets type were
this study were relatively young and had a limitedound to be co-expressed by the same T cell clones.
number of years of exposure to infection (childrern a study by Couissinier and Dessein (1995) the
of one year old are exposed to infection in thessignature’ cytokines marking each subset were
communities) chronicity could not be ruled out butfound to be co-expressed and this resulted in diffi-
based on the mixed cytokine patterns recorded, anylties in classifying the subsets in terms of the
chronicity of infection had not yet been translatedhl and Th2 subsets reported from murine models.
into distinct polarisation of T cell subset responseshis may mark TCC lacking distinct cytokine pro-
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files for Th1/Th2 polarisation in human schistosoand Th2 categories. The T cell responses appeared

miasis unlike the distinct polarised cytokine proto be less stable and more dynamic, suggesting

files marking the Th cell subsets in mice. that small quantitative changes in the balance of
In addition to their role in effector immune re-the cytokines response could result in either sus-

sponses cytokines are also responsible for activateptibility or resistant t&. haematobiunmfec-

ing the development of T cells into particular subtion.

set ‘lines’. Normally, cytokines produced by a T

cell subset serve to activate and increase produc- CD4" precursors
tion of cell lineage which will result in increased 1o
frequencies of the same T cell subset and in turn Ny | ) L4

production of the same cytokines (Coffman et al. TGFB

1991, Vella & Pearce 1992, Bradley et al. 1993 4 Tho
Coffman & von der Weid 1997). When a cytokine \ s (14 L Shen
reaches a threshold level then that T cell subset ~ oy

initiated and the cytokine production increases pro-
gressively. With repeated stimulation taking place
in individuals in areas of high transmission, the
high exposure and continuous stimulation may drive
the response in the direction of the first selecte@m
response or along the dominating cytokine re-ntodies g 1964, kG2
sponse. Other factors important in determiningthe
F:;;gﬁi::g’;’:?ﬁengszngr Igﬁcseunt;faettzrlnnc;mr%u:? 'g_:l_the c()j/tokir)e environment in schistosomiasis sus-
ptibility and resistance
tigen and this may influence the types of responses
encountered when infections become chronic. A
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