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The Role of Protein Kinases in Antigen-activation of
Peripheral Blood Mononuclear Cells of Schistosoma
mansoni Infected Individuals
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T cell recognition of antigens displayed on the surface of antigen presenting cell results in rapid
activation of protein tyrosine kinases and kinase C. This process leads to second messengers, such &
inositol phosphates and diacylgycerol, and phosphorylation of multiple proteins. The role of different
protein kinases in the activation of peripheral blood mononuclear cells (PBMC) Sahistosoma
mansoniinfected individuals was evaluated using genistein and H-7, specific inhibitors of protein
tyrosine kinase and kinase C, respectively. Our results showed that proliferation in response to soluble
egg antigen or adult worm antigen preparationSofmansonwas reduced when PBMC were cultured
in presence of protein kinase inhibitors. Using these inhibitoris eitro granuloma reaction, we also
observed a marked reduction of granuloma index. Taken together, our results sugggstihasoni
antigen activation of PBMC involves protein kinases activity.
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The helminthSchistosoma mansoisirespon- rently accepted that the signal transduction cas-
sible for the disease schistosomiasis characterizedde is initiated by activation of protein tyrosine
by a granulomatous inflammation, developedinases (PTK) (Samelson et al. 1986, June et al.
around parasite eggs trapped in host tissues (Wdr990, Chan et al. 1994), which results in the phos-
ren et al. 1967, Boros & Warren 1970). Largghorylation of a number of cellular proteins, such
granulomas result as a consequence of the hostis phospholipase @Gt (PLC) (Weiss et al. 1991).

T cell sensitization to antigens from the eggs. Activated PLC, in turn, catalyzes the hydrolysis

A feature of the immunobiology of schistoso-of membrane phosphoinositides to generate inosi-
miasis is the gradual and spontaneous reductiool 1,4,5-trisphosphate (Y and diacylglycerol,
in the size of granulomatous inflammation aroundecond messengers responsible for the mobiliza-
the continuously incoming eggs. This phenomtion of cytoplasmic free calcium (€% and acti-
enon, termed immunomodulation (Andrade &vation of protein kinase C (PKC), respectively
Warren 1964) has been the subject of numerogbnboden et al. 1985).
studies that have implicated the participation of Although it is conceivable that protein kinases
cellular as well as subcellular mechanisms in reg@re involved in activation of peripheral blood
lation of granulomatous process (Ottensen &nononuclear cells (PBMC) from chronic schisto-
Poindexter 1980, Goes et al. 1991, Cheever et abmiasis patients, direct proof is not yet available.
1992). In order to verify if protein kinases play an

The transmembrane signalling mechanismsssencial role in the regulation of granulomatous
triggered byS. mansorantigens and the biochemi- hypersensitivity td5. mansonantigens, we stud-
cal changes in response to T cell receptor (TCRgd whether protein kinase inhibition could inter-
activation are not completely understood. It is curfere with proliferation anéh vitro granuloma re-
action. We evaluated the effects of the specific PTK
inhibitor, Genistein (Ogawara et al. 1989) and
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somiasis patients were selected based on clinidaiplicate and maintained at 3 in a 5% CQ in-
and parasitological stool examination for the pressubator.In vitro granuloma reaction was evaluated
ence ofS. mansoneggs (Hoffman et al. 1934) in on day 5 after culture initiation by quantification of
Fundacé@o Nacional de Salde, Santa Luzia, Statellular reactivity around the beads using a phase
of Minas Gerais, Brazil. The patient protocols usedontrast inverted tissue culture microscope. Cellu-
throughout this study were approved by a humalar reactivity was determined by morphological
subject ethics committee in Brazil. observation based on the following criteria: the
Protein kinase inhibitors Genistein was used number of cells binding to the beads; visual evi-
as PTK-selective (Ogawara et al. 1989) and H-@ence of blast transforming cells accompanied by
as PKC-selective inhibitor (Hidaka et al. 1984)cellular migration; and adherent cell layers sur-
They were purchased from Sigma Chemical Caounding the beads. A total of 300 separated deter-
(St. Louis, MO) and dissolved in DMSO at 10 mMminations of cellular reactivity were made for each
stock solution. experimental group. A numerical score equivalent
Cell preparations PBMC were isolated from to the following classification was assigned to each
heparinized blood by Ficoll-diatrizoate densitycell-bead reaction observed: (1) no cells binding to
gradient centrifugation (LSM, Organon Teknikathe bead; (2) < 5 cells binding to the bead;3*®)
Charleston, SC) as previously described (Goes etlls binding to the bead; (8)5 cells binding to
al. 1991). These cells were cultured in RPMI methe bead accompanied by a circumoval mononuclear
dium containing 1.6% L-glutamine, 300 U/ml of cell migration and blast transformation; (5) adher-
penicillin, 0.3 mg/ml of streptomycin, 0.05 mg/ent cell layer attached to the bead accompanied by
ml of gentamicin and 10% heat inactivated AB-+circumoval mononuclear cell migration; (6) mul-
human serum (RPMI 10% AB) in 96 well flat- tiple cell layers surrounding the bead accompanied
bottomed tissue culture plate. Every experimentddy mononuclear cell migration.
group was maintained at %7 in a 5% CQ incu- The total score was then summed and the re-
bator. sultant mean expressed as the granuloma index
Cell proliferation assay PBMC from chronic (GI) % standard deviation (SD). Granulomatous
schistosomiasis patients were cultured in 96 wetkactivity to PB-antigen (PB-SEA or PB-SWAP)
flat-bottomed plates in RPMI 10% AB at the con-was compared to the nonspecific binding of PBMC
centration of 3 x 1®cells/well in a final volume to polyacrylamide beads not conjugated to anti-
of 200 m. Genistein or H-7 were added to eactgen (PB). Percentage of inhibition of vitro
well at the same time a$s. mansonantigens. granuloma reaction was calculated as follows:
Cultures were stimulated with 2/ml of soluble ;.01 (%) =

egg antigen (SEA) or soluble worm antigen prepargg { G| (PB-antigen + inhibitor) - GI (PB + inhibitor)}x
ration (SWAP). As controls, cells were culturedgg

without inhibitor and/or schistosoma antigens. The Gl ( PB-antigen) - Gl (PB)
cultures were set up in triplicate and incubated for
120 hr. For the last 18 hr of incubation, cells were RESULTS

pulsed .With 0..57Cilwell of [methyISH]thymidine Given the involvement of protein kinases in T

S}CN hB|ometd|((j:ak1)Is Inc., Itrvmet, SA)'”%e“S V\{ere C%H activation, we initially investigated the effect
en harvested by an automated cell harvester agflsqactive inhibitors genistein and H-7 on PBMC

the incorporated radioactivity measured by a lidggieration induced b$. mansonantigens mea-

uid scintillation beta counter, was expressed ring BH] thymidine incorporation.

counts per minute (cpm). Percentage of inhibition "y ¢jtured PBMC from chronic schistosomia-

of proliferation was calculated as described by;q patients with 50V of genistein or with 55

Chiaffarino et al. (1994): mM of H-7. The data in Fig. 1 demonstrate that

inhibition (%)= PBMC response to schistosomal antigens was ef-
100 -{cpm (Antigen + inhibitor) - cpm (control + inhibitor)}x 100  fectively impaired by inhibitors. These results were
cpm (Antigen) - cpm (control) obtained when the inhibitors were present during

In vitro granuloma reaction Two hundreds. the entire assay. The proliferation of PBMC cul-
mansoniconjugated polyacrylamide beads werdured with SEA or SWAP in presence of genistein
distributed in a volume of 5@i/well in 96 well  Or H-7 was significantly smaller than that observed
flat-bottomed culture plates (Doughty et al. 1987)n the absence of inhibitors. When PBMC were
Cells at the concentration of 3 xX?Mell in a final assayed for the ability to proliferate in response to
volume of 2001 RPMI 10% AB were cultured in SEA, it was found that genistein and H-7 reduced
the presence and absence of genistein or H-7. Eymidine uptake by approximately 70% and 80%,
ery experimental and control group was set up ifgSPectively. The thymidine uptake of PBMC cul-
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tured with SWAP was inhibited by 80% in pres-H-7. The granuloma index diminished 65% and
ence of genistein and 90% in presence of H-7. 50% when PBMC were cultured with PB-SWAP
PBMC from patients with chronic intestinal in presence of genistein and H-7, respectively.
schistosomiasis mansoni were testedifovitro DISCUSSION
granuloma reaction to SEA-conjugated beads (PB- ) . )
SEA) and to SWAP-conjugated beads (PB-SWAP) Engagement of the TCR with antigen or anti-
as can be seen in Fig. 2. The cellular reactivity thCR monoclonal antibody induces at least three
PB-SEA and PB-SWAP was statistically greatefapid biochemical changes that are of probable sig-
as compared to PB alone (P<0.05). We observétficance in signal transduction: an increase in the
inhibition of granulomatous reaction to PB-SEAlevel of free intracellular calcium (Imboden et al.
(Fig. 3) and PB-SWAP when PBMC were cultured 985), the activation of protein kinase C (Chen et
with protein kinase inhibitors. The reactivity ofal.- 1986, Nel et al. 1986), and an increase in ty-
cells to PB-SEA was reduced by about 60% whef9sine phosphorylation (Campbell & Sefton 1990,

PBMC were cultured with genistein and 50% withJune et al. 1990, Lane et al. 1990).
Increased protein phosphorylation is central

and essencial to the stimulation of cell prolifera-

] Without Inhibitor tion by myriad factors, for example epidermal

[ Genistein growth factor (Ushiro & Cohen 1980) and colony

- stimulating factor 1 (Scherr et al. 1985), each of
SWAP which binds to a receptor that is a tyrosine protein
i kinase. Protein phosphorylation is also induced by

many cytokines, including interleukin 2 (Saltzman

% <A et al. 1988). Therefore the possibility that it plays
2 an important role in lymphocyte activation can-
< not be ignored. However, much remains to be
learned of the complex mechanism involved in

MEDIUM

antigen activation of PBMC.

In our study we decided to investigate if pro-
tein kinases are involved in activation exerted by
both soluble and conjugat&l mansonantigens.

Fig. 1:effect of protein kinase inhibitors on PBMC proliferation Specific inhibitors of_proyem kinases pr(_)wde use-
by Schistosoma mansaamtigens. 3 x T0cells/well from schis- ful meefns to exa_'mme it. The extgnswe use of
tosomiasis patients were cultured in 96 well flat-bottomed witi§€nistein (Mustelin et al. 1990, Chiaffarino et al.
or without 50mM of genistein or 58rM of H-7 for five days. 1994) and H-7 (Yamamoto et al. 1986, Nel et al.
oS oy e o . eaae 987) i iferent celllr systems prove thal hese
represent means J_ryStandard Error of at least six experiments.d.rugs m.hlblt.mOSt’ if not all, protein kinase-me-

diated biological responses. Then we also analyzed
the participation of PTKs and PKC in PBMC ac-
tivation induced by SEA and SWAP through the
use of specific inhibitors.

We found that genistein and H-7 caused an in-
hibition of proliferation of PBMC from chronic
schistosomiasis patients and that 50 andrgb
respectively, were inhibitory, without affecting the
PBMC viability as measured by trypan blue dye
exclusion (data not shown). Hence the observed
effect should be due to inhibition of protein ki-
nases irs. mansoninduced activation.

It should be noted that thymidine uptake in
lymphocytes stimulated with SEA and SWAP in
Fig. 2:effect of protein kinase inhibitors @mvitro granuloma ~ Presence of H-7 was lower than thymidine uptake
reaction. 3 x 18 cells/well were incubated in 96 well flat-bot- When lymphocytes were stimulated in presence of
tomed plate in the presence or absence ofrVb@enisteinor 55 genistein. In fact, H-7 is a competitive inhibitor

mM H-7. These cells were cultured for five days with polyacryla- inhihi ; ;
mide beads (PB) or beads conjugated to SEA (PB-SEA) or SWA?>f ATP and therefore inhibits other kinases with
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variable potencies.
Protein kinase inhibitors were also employed
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Fig. 3: morphologic illustration @ vitro granuloma formation. A total of 3 x iPBMC from chronic schistosomiasis patients were
cultured with PB (A) and PB-SEA (B) without protein kinase inhibitors, with PB (C) and PB-SEA (D) in the presence of gedistein
with PB (E) and PB-SEA (F) in the presence of H-7.
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