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Immunosuppression and cytokine production in mice infested with
Ixodes ricinus ticks: a possible role of laminin and interleukin-10 on the

in vitro responsiveness of lymphocytes to mitogens

F. GANAPAMO, B. RUTTI & M. BROSSARD Institute of Zoology, Department of Immunology,
University of Neuchdtel, Neuchdtel, Switzerland

SUMMARY

T cells from BALB/c mice infested 9 days before with Ixodes ricinus nymphs had a suppressed
response to in vitro concanavalin A (Con A) stimulation compared to cells from uninfested mice.
When laminin (the main component of the extracellular matrix) was used as a coating agent, the
Con A response of naive mice was characterized by a decrease in cell proliferation, whereas there
was no significant effect on the mitogen response of cells from infested mice. In contrast, an
increased response to lipopolysaccharide (LPS) was observed when assaying lymph node cells of
infested mice, probably reflecting an increase in B-lymphocyte number or activity. LPS cell
stimulation was not modified by laminin. Supernatants of lymph node cells, taken 9 days after the
first infestation of mice, stimulated with Con A in vitro, contained interleukin-10 (IL-10) but no

significant levels of IL-5 as tested by enzyme-linked immunosorbent assay. At this stage of the
infestation all T cells reactive with tick antigens generated in lymph nodes that drain the tick
fixation site, were CD4+ cells, as determined by CD4+ depletion. With cells taken 9 days after the
third infestation an increase of IL-5 and IL-10 was observed. The IL-O0 levels were higher than the
IL-5. According to these observations, we conclude that the reduction of T-cell proliferation in
response to Con A observed in lymph node cells from infested mice, may be due to the combined
effect of laminin interaction with T lymphocytes during migration and IL-10 production by these
lymphocytes.

INTRODUCTION

It has been demonstrated in vitro that lymphocytes from
animals infested with ticks showed a decreased proliferation
in response to the mitogens concanavalin A (Con A) and,
phytohaemagglutinin (PHA).1"2 However, no effect was
observed in lymphocytes stimulated with lipopolysaccharide
(LPS), a mitogen specific to B lymphocytes. These observations
have led to the conclusion that tick salivary gland components
may have an immunosuppressive effect on T lymphocytes.
Furthermore, it has been shown that during the polyclonal
T-cell stimulation with Con A, both interleukin-2 (IL-2)
production and induction of reactivity to IL-2 were accessory
cell-dependent events.3

Laminin is the main constituent of extracellular matrix, it is
involved in many cellular activities including cell adhesion and
lymphocyte migration as described previously.4 In vivo treat-
ment with anti-laminin antibodies modified lymphocyte traffic.5
In addition, activated T lymphocytes were shown to have
proteolytic enzymes to degrade components of the basement
membrane in vitro, including laminin.6
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In BALB/c mice infested with Ixodes ricinus nymphs,
inflammatory cells including neutrophils, eosinophils, baso-
phils, lymphocytes and monocytes infiltrate the dermis at the
tick feeding sites.7 During the inflammatory response, an
increase in lymphocyte traffic from draining lymph nodes to the
tick attachment sites has been postulated.8 Conceivably,
lymphocytes would then come in contact with extracellular
matrix components.

In this study, the effect of laminin on the in vitro response of
lymph node cells to Con A and LPS from tick-infested and
uninfested BALB/c mice was evaluated. In a previous study we
demonstrated in vitro production of high levels of IL-4 and low
levels of interferon-y (IFN-y) by lymph node cells from BALB/c
mice infested with ticks.9 In the present report, we have studied
the ability of these cells to produce IL-5 and IL-10, two
cytokines produced by Th2 cells. IL-5 strongly contributes to
eosinophilopoiesis in micel' whereas, IL-10 inhibits Thl cell
development and also reduces the in vitro T-lymphocyte
proliferative response to Con A stimulation."'

MATERIALS AND METHODS

Mice and ticks
Eight- to 12-week-old BALB/c female mice were purchased
from IFFA-CREDO (Arbresle, France). Ixodes ricinus nymphal
ticks were reared in our laboratory azs previously described.12
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Infestations
Mice were infested with 15 nymphs placed in a small plastic
capsule (15mm in diameter) glued onto the skin of the mice
with a mixture composed of beeswax and collophonium, at the
site which is drained by brachial and axillary lymph nodes.7
Each experiment was done in cohorts of five mice. Mouse
flanks were alternated during repetitive infestations and these
infestations were interspaced by 10 days.

Tick salivary gland antigens (SGA)
Antigen extracts were prepared following the procedure
previously described.13 Salivary glands were dissected from
female ticks that had been fed for 5 days on a rabbit. Salivary
glands were homogenized in ice cold extraction buffer
consisting of 50mm phosphate-buffered saline (PBS) at pH 7-4,
5 mm phenylmethylsulphonyl fluoride (PMSF) and 10mM
ethylene diaminetetraacetic acid (EDTA). Antigenic extracts
were centrifuged at 16 000g for 30 min at 4°. The supernatant
was dialysed overnight in 25 mM PBS pH 7 4 and centrifuged
again under the same conditions. Protein concentration was
determined using Coomassie Blue method. Sterilized dialysate
was finally stored at -200 until use.

Cell culture
Ninety-six well, flat-bottomed plates (Falcon) were coated with
75 pg/well of natural mouse laminin from Engelberth-Holm-
Swarm sarcoma (EHS) cells, (Gibco, Basel, Switzerland) at 40
overnight.'4 Plates were then washed four times with RPMI-
1640 (Gibco) containing 10% fetal bovine serum (FBS; v/v)
(Gibco). During the last washing the remaining sites were
blocked with washing buffer for 20 min at room temperature.
Mice were sacrificed 9 days after infestation and brachial and
axillary lymph nodes were harvested and placed in Hanks'
balanced salt solution (HBSS) buffer. Single-cell suspensions
were generated and 4 x 105 cells were cultured in a total volume
of 100 pl/well in complete culture medium [RPMI-1640 (Gibco),
supplemented with 10% FBS (v/v), 2mM L-glutamine, 1 mm
sodium pyruvate, 1% non-essential amino acids (Sigma, St
Louis, MO), 5 x 10-5 M mercaptoethanol, 100 U/ml Peni/Strep
(Gibco) and 0 25 pg/ml Fungizone (Gibco)] Con A (2 pg/well)
and LPS (2 pg/well), (Sigma) were added in designated wells.
After a 48-hr incubation of the culture at 370 in saturated
atmosphere with 5% C02, wells were pulsed with 01 pCi/well
(370 MBq/ml) of tritiated thymidine (Amersham Int, Amer-
sham, UK). Cells were harvested 18-24 hr later and [3H]
thymidine (TdR) uptake was determined by liquid scintillation
counting. The results were expressed as the mean counts per
minute (c.p.m.) for quadruplicate determinations ± SD. Student's
t-test was performed for statistical analysis of the data.
Experiments were repeated at least three times and data of a
representative experiment are shown.

For cell culture supernatant collection, 1 x 106 lymph node
cells in 100 p1 of complete culture medium were stimulated with
or without 4 ug/well of Con A (Sigma). Supernatants were
removed 24 hr after stimulation and stored at - 75° until use
for IL-5 and IL-10 determination.

Lymph node T CD4+ cells depletion
Single-cell suspensions of axillary and brachial lymph nodes
were generated as described above. Cells were incubated 30 min
at 4° with 025pg/106 cells of monoclonal antibody (mAb)

(IgG2a) rat anti-mouse L3T4/CD4 (Pharmingen, AMS, Lugano,
Switzerland). Monoclonal antibodies were diluted in PBS
pH 74 (015 M NaCl, 001 M sodium phosphate) with 1%
FBS. Cells were washed three times with HBSS and again
incubated with Dynabeads M-450 sheep anti-rat IgG (Dynal,
Milan Analytica, La Roche, Switzerland) diluted in PBS: 1%
FBS (ratio 40: 1) for 45min at 40. The CD4+ T lymphocytes
were then depleted using Magnetic Particle Concentrator
MPC-l (Dynal). The remaining suspended cells were removed
and used as the CD4-depleted-cell suspension.

For the SGA T-cell proliferation assays, lymph node cells
were cultured at 4 x 105 cells per well for 96 hr with or without
2 5 pg/well of SGA in 100 ul of complete culture medium. The
proliferative response was determined as described above.
Results show the mean of quadruplicate SGA-stimulated
wells ± SD with the means of quadruplicate unstimulated
wells previously subtracted (net c.p.m.). Culture supernatants
were prepared and removed as described above.

IL-5 and IL-10-specific ELISAs
The production of IL-5 and IL-10 was measured using two rat
monoclonal antibodies for each cytokine (Pharmingen) in an
antigen capture enzyme-linked immunosorbent assay (ELISA).
Micro-ELISA plates Dynatech M-129 A (Dynatech,
Embrach-Embraport, Switzerland) were coated with 100 p1
of purified mAb clone TRFK5 (4 pg/ml) for IL-5 and 100 pl of
mAb clone JS5-2A5 (4,pg/ml) for IL-10. Monoclonal anti-
bodies were diluted with 0-1 M sodium carbonate buffer (pH 8 2)
and incubated at 40 overnight. After successive washings for
2 hr, unoccupied sites were blocked with 200 p1 of 10% FBS in
PBS pH 7 4, plates were washed four times and 100 pl of cell
culture supernatants, pooled from ten cell culture wells were
incubated overnight at 40. Specific recognition of IL-5 and IL-
10 molecules was detected with biotinylated mAb clone
TRFK4 for IL-5 and biotinylated mAb clone SXC-1 for IL-
10. The secondary antibody was added at 100p1 (4pg/ml) per
well and incubated 45 min at room temperature. Plates were
washed again and 100pl of avidin-peroxidase (Sigma) diluted
400-fold in PBS 10% FBS was allowed to incubate for 30 min at
room temperature. An enzymatic colour reaction was gener-
ated using 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS) (Sigma) substrate and measured at 405 nm with
an ELISA spectrophotometer (Dynatech, Switzerland) 30 min
after incubation. Results show the mean of quadruplicate wells.
Serial dilutions of IL-5 or IL-lO recombinant proteins
(Pharmingen) were used to generate the standard curve.
Experiments were repeated at least three times and data of a
representative experiment are shown.

RESULTS

Laminin effect on lymph node cell response to Con A and LPS

T lymphocytes isolated from axillary and brachial lymph nodes
of uninfested mice proliferate less in the presence of Con A
when incubated in wells treated with 75jpg of laminin (p <

0 01) (Table 1). Laminin made the T-cell response of uninfested
mice to Con A equivalent to that of infested mice to Con A
alone. However, isolated cells from infested mice when stimulated
with Con A, in the presence or absence of laminin, have similar
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Table 1. The effect of laminin on in vitro responses to Con A and LPS stimulation of lymph node cells from tick-infested
and uninfested mice. These data represent the tritiated thymidine incorporation by lymph node cells (mean c.p.m. of

quadruplicate wells ± SD)

Uninfested Infested

Without laminin Laminin 75 pg/well Without laminin Laminin 75 Mg/well

Controls 1213 i 217 1609 + 526 16778 ± 2650 15924 ± 1559
Con A (2 pg/well) 124729 ± 14229* 88615 ± 13067*$ 93131 ± 18670tt 96397 + 8694t
LPS (2,ug/well) 17386 ± 2296§ 17705 + 2933§ 79947 ± 17325¶ 75118 ± 115091

Comparisons between lymph node cell responses from uninfested mice in laminin-coated and uncoated wells showed
a significative difference by Student's t-test (p < 0 01) (*). This laminin effect was not observed in the case of cells from
infested mice (t). Similar levels of cell proliferation after Con A stimulation is observed between cells from uninfested
mice in laminin-coated wells and cells from infested mice (i). LPS stimulation was not modified by laminin (§¶) but
infested animals showed an increase of LPS reactivity in axillary and brachial draining lymph nodes (p < 0 01).

levels of proliferation. Laminin does not completely abrogate
the response oflymph node cells from uninfested mice to Con A
stimulation.

The response of lymph node cells to LPS was similar in
either group of mice. In this case there was an increase of the
cellular response to LPS when cells were taken from infested
mice, probably due either to an increase in the concentration of
B cells or an increase in the sensitivity of these cells in the lymph
nodes (Table 1).

T-cell response to salivary gland antigen

Nine days after the first infestation lymphocytes proliferated
significantly when stimulated in vitro with SGA (net c.p.m.

42879 ± 2142). Depletion of CD4+ T cells abrogated com-

pletely the lymph node cell proliferation in response to SGA
(net c.p.m. 1323 ± 2069).

IL-5 and IL-10 production by lymph node cells after multiple tick
infestations

Data in Fig. show the measurement by specific ELISA of IL-5
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Figure 1. Measurement by specific ELISA of IL-5 and IL-10 evolution
from the first to the third infestation. A pool of axillary and brachial
lymph node cells from two groups of mice infested once and thrice with
15 nymphs of I. ricinus ticks each were used. One million cells were

stimulated during 24hr with Con A (4pg/well) or without Con A
(Medium). Solid bars, first infestation; and open bars, third infestation.
Results are expressed as the mean of quadruplicate wells (SD < 10-2
not shown).
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and IL-1O evolution from the first to the third infestation. Nine
days after the first infestation of mice with ticks, lymph node
cells stimulated with Con A released significant levels of IL-10
(0 51 ng/ml, Fig. lb) whereas IL-5 is undetectable (Fig. la).
Nine days after the third infestation an increase in IL-5 levels
(1 32 ng/ml, Fig. la) and IL-10 levels was observed (2-38 ng/ml,
Fig. Ib). After one infestation, only cells from lymph nodes
which drain the tick-fixation site produced IL-10 (Fig. 2a).
Furthermore, IL-10 was exclusively produced by CD4+ T cells
as depletion of these cells abrogated IL-1O production by lymph
node cells (Fig. 2b).

DISCUSSION

Decrease of the T-lymphocyte response to the mitogen Con A
by tick-infested animals has been reported." 2 These obser-
vations have been attributed to the tick's ability to modulate
the immune response of the host. In our work, we demonstrate
however that laminin and IL-1O may also play a role in the
decrease of the T-cell response to Con A.
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Figure 2. Regionalization of the immune response and contribution of
CD4+ T lymphocytes to IL-10 production by lymph node cells from
infested mice. Cells were removed 9 days after the first infestation and
incubated 24hr with Con A or cell culture medium only (1 x 106 per

well). (a) In vitro production of IL-10 by cells from lymph nodes which
drain the tick-fixation site compared to cells from similar lymph nodes
at the opposite side. (b) In vitro contribution of CD4+ lymphocytes to
IL-10 production. The treatment of results are the same as previously
reported in Fig. 1.
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Lymphocyte traffic increases with host pathological status.15
In fact, inflammatory stimuli induce an increase in cell traffic
between the inflammatory site and the closest peripheral lymph
node. During infestation of BALB/c mice with L ricinus ticks,
inflammatory cells migrate via the bloodstream, cross the
epithelium of postcapillary venules and infiltrate the skin.7
Memory and effector T cells that infiltrate the skin do not
return to lymph nodes, or do so only rarely.'6"7 Another
possibility for the cells to contact basement membrane, and
especially laminin molecules, is through the high endothelial
venules (HEV);'8 this is the case for homing lymph node cells
and naive lymphocytes which have been recruited from other
secondary lymphoid organs.'9'20

Laminin molecules have a high affinity for sulphated
glycolipids on the cell surface, some of which are Con A
receptors.2' The CD4+ T lymphocytes are more affected by
laminin than other lymphoid cell types.22 During their
activation, integrins such as the family of very late activation
antigens (VLA) are modified to ensure the continued protein
linkage between the extracellular matrix and the T-cell
cytoskeleton.'7'23'24 Activated cells are able to elicit protease
activities which can affect the T-cell response to Con A
stimulation in vitro.6 Therefore, it may be reasonable to suggest
that tick-specific activated lymphocytes are Con A receptor
modified and consequently less responsive to this mitogen.25-27

A second event which may explain the decrease of
responsiveness of lymph node cells to mitogen is the presence
of IL-10 in the Con A-stimulated cell supernatants of infested
mice. This interleukin inhibits the proliferation of antigen-
stimulated Th I clones and of mitogen stimulated mouse CD4 +
and CD8+ T cells." Murine IL-10 is expressed by mouse
CD4 + Th2 clones, and other cell types (B, NK, CD8+,
monocytes/macrophages).

The lymph node cell response to in vitro LPS stimulation is
more pronounced in infested mice than in controls. This
suggests an increase in either the proportion or activity of B
lymphocytes in infested mice lymph nodes. In our model,
specific anti-tick IgG antibodies are only occasionally pro-
duced.'3 Thus, the specific murine B lymphocytes generated
during the first step of sensitization by ticks are probably
confined to the lymph nodes and unable to differentiate into
plasma cells.9

We have recently demonstrated that lymph node cells from
BALB/c mice infested with nymphal I. ricinus ticks produce
high levels of IL-4 and low levels of IFN-y after Con A
stimulation.9 This suggests a Th2 polarization pattern of
cytokine production in this host-parasite system which can
be due to the aqueous nature of tick saliva. Previously, Burstein
et al.28 have reported that aqueous antigen induces tolerance in
Thl-like but not Th2-like helper cells. The detection of IL-5
and IL-10 in this work suggests that the Th2 polarization
occurs by tolerizing Thl cells. The increase in IL-5 levels from
the first to the third infestation with ticks could be associated
with the evolution of eosinophil infiltration in the skin of
BALB/c mice at the second and the third infestation.7
Furthermore, tick saliva has been found to contain a large
number of substances with pharmacological effects such as anti-
haemostatic, vasodilatatory or anti-inflammatory/immunosup-
pressive components.29 Prostaglandin E2 (PGE2), one of the
constituents of some tick saliva, inhibits Thl cells in vitro but
not lymphokine production by Th2 cells.30 This immune

modulator also reduces T-cell line production of IL-2 in
vitro.31 However, recent observations show that the in vitro
reduction of IL-2 production by murine spleen cells is due to a
5000 molecular weight protein contained in saliva ofL dammini
ticks rather than to PGE2.32

As recently reported, Thl cells regulate macrophage
activation and immunoglobulin isotype switching to IgG2a
and IgG3, isotypes that mediate antibody-dependent cellular
cytotoxicity (ADCC) and complement activation.33 ThI cells
have been demonstrated to activate appropriate host defences
against facultative and obligate intracellular pathogens. In
some of these infectious diseases, IL-4, IL-10 and IL-13
produced by Th2 cells down-regulate macrophage activation,
even in the presence of IFN-y. Thus, in BALB/c mice infested
with L ricinus nymphs we suggest that IL-4 and IL-10
production could facilitate the transmission of these patho-
gens. The slight delayed type hypersensitivity previously
observed in BALB/c mice infested with L ricinus nymphs may
be controlled by IL-4 and IL-10 synergy.7'34

According to these results, we conclude that contact
between lymph node cells and laminin during lymphocyte
migration in tick-infested mice and IL-10 production by these
lymphocytes are two significant biological phenomena that
may induce a decrease in the response oflymph node cells to the
mitogen Con A.
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