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$PLEEN ACCESSORY CELL ANTIGEN PROCESSING AND IN VITRO
#NDUCTION OF SPECIFIC LYMPHOCYTE PROLIFERATION IN BALB/c MICE
INFESTED WITH NYMPHAL Ixodes ricinus TICKS

F. Ganapamo, B. Rutti, M. Brossard

Institute of Zoology, University, Neuchétel, Switzerland

INTRODUCTION

Ticks are hematophagous organisms that transmit numerous hnman and veterinary
diseases. They also induce an anti tick immune response during their blood meal. Thus,
rabbits repeatedly infested with I. ricinus nymphs and adults produce IgG antibodies
reacting against some salivary gland and integnmental proteins from female ticks!. In
contrast, experimental infestations of BALB/c mice with nymphal I ricinus do not generate
anti tick antibodies (IgG) or only occasionally. However mice immunized with salivary
gland extract (SGE) develop antibodies that recognize tick integnmental and salivary gland
proteins (Fig 1).

In this work we attempted to establish the ability of T lymphocytes from tick infested
mice to respond in vitro to tick SGE and integumental extracts (IE), after spleen accessory
cells (SAC) antigen processing.

MATERIALS AND METHODS

Animals and infestations
Eight to 12 weeks old BALB/c mice purchased from IFFA CREDO (Arbresle,
FRANCE) were used for these experiments. Mice were infested with 15 nymphal 1. ricinus
ticks each. Ticks were reared in our laboratory.
Tick protein extracts
Integuments and salivary glands were dissected from partially fed female ticks.
, Antigenic extracts were prepared following the procedures previously described!. Protein
concentration was determinated by the Coomassie blue method. SGE and IE were finally
#sterilized through a 0.2 wm millipore filter and stored at -20°C until use.
. Antigen processing test
' A pool of SAC were obtained from 5 BALB/c mice killed 9 days after infestation.
5x10 3 spleen cells (red blood cells free) per well were incubated in a 96-well flat bottomed
plate at 37°C in a 5% CO2 saturated atmosphere. Two hours later non adherent cells were
removed and the wells washed three times with 10% FCS in PBS (pH 7.4). Adherent cells
were incubated 20 min with or without chloroquine (0.25 mM/well). Tick extracts (20
pg/well) were added and adherent cells were incubated for an additional three and balf
hours. In control wells, only culture mediom was added. Each well was washed four times.
4x10 3 Iymph node cells of these same infested mice were added. After 96 hours incubation,
0.1 pCi/well of [®H] thymidine was added. The uptake of tritiated thymidine was
determinated 24 hours later by liquid scintillation counting.
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RESULTS AND DISCUSSION

Table 1: BALB/c mice infested with nymphal 1. ricinus ticks: Chioroquine effect on in
vitro stimulation of lymph node cells by mice spleen accessory cells pulsed with tick
extracts.

Uptake of tritiated thymidine
(mean cpm of quadruplicate + SD)

Chloroquine 0.25 mM Withont Chloroquine
Controls (culture mediom) 5417 £ 1241 4648 + 1602
SGE (20pg/well) 4794 + 1547 14443 £ 2675 *
IE (20ug/well) 4681 + 2745 4066 + 2913

(*) Signigicant difference nsing Student's t-test (p<0.01)

SGE but not IE is able to stimulate T lymphocytes from mice infested with ticks. In
this assay, spleen adherent cells from infested mice process SGE immunogens. Pretreatment
of accessory cells with chloroquine abolishes the in vitro stimulation of lymph node cells.

Nine days after tick fixation, SAC process and present salivary gland antigens with
efficiency to lymphocytes from draining lymph nodes near tick fixation sites. Treatment of
SAC with chloroquine fully inhibits this phenomenon. Under the same conditions but
pulsed with IE, lymphocytes are not stimulated. Onr observations suggest that, during tick
feeding, mice antigen presenting cells (APC) selectively trap immunogens contained in tick
saliva and process them before triggering anti tick specific immune response. Nine days
after tick fixation, spleen cells do not respond when stimulated with SGE (results not
shown). This unresponsiveness is apparently due to the regionalisation of T specific
lymphocytes and not to APC inefficiency. APC treatment with chloroquine during antigen
pulsing period abolishes their subsequent capacity to present foreign antigen to T cells but
left the MLR largely intact 2. Our work corroborates this observation. Chloroquine raises
intracellular pH interfering with processing and presentation of antigen by MHC class II
molecules 3.

In BALB/c mice infested with 1. ricinus nymphs some antibodies reacting against one
integumental antigen of 25 kDa was detected using western blot (Fig 1). We have shown
that IE probably does not contain immunogen proteins which can be processed and
presented by mice APC to T cells. IgG antibodies developed against tick saliva probably

'cross react with IE proteins.
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In vitro production of interleukin-4 and interferon-v by lymph node cells from

BALB/c mice infested with nymphal Ixodes ricinus ticks

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

SUMMARY

In this study we compared the ability of lymphocytes taken from axillary and brachial lyr.ph nodes
of BALB/c mice that had been infested once three times with 15 nymphal Ixodes ricinus ticks, to
produce interleukin-4 (IL-4) and interferon--y (IFN-~) after in vitro stimulation with concanavalin
A (Con A). They released high levels of IL-4 and low levels of IFN-vy. An increase of IFN-v
between the first and the third tick infestation was observed. Salivary gland extracts from female /.
ricinus ticks induced specific in vitro proliferation of lymphocytes from infested mice. IL-4
production was correlated with the salivary gland extracts’ ability to stimulate tick-specific
lymphocyte proliferation. Its levels remained high from the first to the third infestation. IFN-v
production was not necessarily associated with tick salivary gland antigen stimulation. In BALB/c
mice, anti-tick immune response induction is regional and the contribution of other similar
secondary lymphoid organs is negligible. Only cells from the lymph nodes which drained the tick-
fixation site proliferated in virro in the presence of tick antigens, and when stimulated with Con A

produced IL-4 and IFN-v.

INTRODUCTION

The mice immune response against parasite infection is
modulated by the cytokine pattern.'? Humoral and cellular
responses are regulated by two subclasses of T-helper cells. Thl
cells are responsible for cellular responses such as delayed-type
hypersensitivity (DTH), as well as some humaoral responses
which generate IgGl production, and Th2 cells play an
important role in humoral responses. The main cytokine
pattern produced by Thl or Th2 cells are, respectively,
interferon-y (IFN-y) and interleukin-2 (IL-2) or IL-4 and
1L-5. Other subsets with different patterns exist either as
precursors, such as Tho, or as effector cells.>* In the immune
response mechanism, the role of IL-4 has been studied
extensively. The concentration of this cytokine regulates the
immunoglobulin isotype switching.’

A few observations have been made on the immune
relationship between mice and tick immature stages. A high
production of IgE is necessary for WBB6F] -+ /+ mice infested
with Haemaphysalis longicornis larvae to acquire resistance.®
BALB/c mice infested with Ixodes ricinus nymphs regularly
produce IgE (unpublished results) and sometimes IgG anti-tick
antibodies. Detection of antibody production was recently
reported in this host—parasite system.’

Received 1 August 1994; revised 22 December 1994; accepted 29
December 1994,

Correspondence: Professor M. Brossard. Institute of Zoology,
University of Neuchatel, Emile-Argand 11, CH-2007 Neuchatel,
Switzerland. :

120

BALB/c mice infested with I. ricinus nymphs develop
immediate-type hypersensitivity and DTH but fail to acquire
resistance after repeated infestations.® DTH consists of a
cascade of events, and T cells mediate the early aspect of DTH,
releasing antigen-specific factors that, upon encountering
antigen, activate local serotonin-containing cells such as mast
cells.? However, the ability of the T-cell population to mediate
the late component of DTH is independent of further release of
serotonin.'® ITH is a cutaneous reaction generated by IgE
antigen linkage that induces mast cell degranulation at the
tick’s feeding site. Using in situ hybridization, previous
experiments have shown that at the beginning of tick
infestation 1L-4 and IFN-y mRNA can be observed regularly
in the draining lymph node cells.!! At the tick-binding site,
however, only IFN-y mRNA-positive cells increased in number
during repeated infestations. The authors’ suggestions were
focused on the tick’s ability to modulate mice immune
reactions, a possibility that was investigated previously using
in vitro bioassays.'? In fact, prostaglandin E, (PGE,), which
has been detected in Amblyomma americanum and some other
tick species’ saliva, inhibits Thl but not Th2 lymphokine
production by in vitro direct contact.!>™13

The aim of this work was to attempt to establish whether
BALB/c mice infested by I ricinus ticks develop a T-specific
immune response. The ability of tick-specific effector lympho-
cytes to produce IL-4 and IFN-y, cytokines in vitro was
investigated and the prominent role of IL-4 and IFN-y in this
parasitic relation is discussed, without considering their
pleiotropic action regularly reported in the literature.'®!’



IL-4 and IFN-y production in mice infested by ticks 121

MATERIALS AND METHODS

Animals and infestations

Eight- to 12-week-old female BALB/c mice (IFFA-CREDO,
Arbresle, France) were used for these experiments. The mice
were infested with 15 I. ricinus nymphs placed in plastic capsule,
as reported elsewhere.® The ticks were reared in our laboratory
according to the method described previously.'® Successive
infestations were inter-spaced by 10 days and each experiment
was done on a group of five mice. Mice flanks were alternated
during these repeated infestations.

Antigenic extract

Salivary glands were dissected from female ticks that had been
fed for 5 days on rabbit. Antigen extracts were prepared
following the procedure described previously.'® Briefly, salivary
glands were homogenized in ice-cold extraction buffer consist-
ing of 50 mm phosphate-buffered saline (PBS) at pH 74, S5mm
phenylmethylsulphonyl fluoride (PMSF) and 10mM ethylene-
diamine tetraacetic acid (EDTA). Extracts were centrifuged at
16000g for 30min at 4°. The supernatant was dialysed
overnight in 25mm, pH 7-4, and centrifuged again under the
same conditions. Protein concentration was determined using
the Coomassie blue method. The dyalisat was finally sterilized
through a 0-2 um millipore filter and stored at —20° until used.

Cell culture

Mice were killed 9 days after infestation. Axiliary and brachial
lymph nodes were removed. The basic experimental method for
the salivary gland antigen T-cell proliferation assays was
adapted from procedures described previously.® 4x 10°
lymph node cells per well were cultivated in 100 gl of complete
culture medium containing RPMI-1640 (Gibco, Basel, Switzer-
land), supplemented with 10% fetal calf serum (v/v), 2mm
L-glutamin, 1 mmM sodium pyruvate, 1 mM non-essential amino
acids (Sigma, St Louis, MO), 0-05 mm mercaptoethanol, 100 U/
ml penicillin/streptomycin (Gibco) and 25 ug/ml Fungizone
(Gibco). After 96hr incubation with or without 2-5 ug/well
of salivary gland extract, 0-1uCi/well of [*H]thymidine
(Amersham Int., Amersham, UK) was added 18-24 hr before
harvesting the cells. Tritiated thymidine incorporation was
determined by liquid scintillation counting. Results show the
means of quadruplicate salivary gland extract-stimulated wells
+SD. Means of quadruplicate unstimulated wells were
previously subtracted (net ¢.p.m.).

For culture supernatant collection, 1 x 10° lymph node cells
in 100 ul of complete culture medium were stimulated with or
without 4 ug/well of concanavalin A (Con A; Sigma). Super-
natants were removed 24 hr after stimulation and stored at
—75° until used for IL-4 and IFN-y determination.

IL-4- and IFN-y-specific ELISA

Enzyme-linked immunosorbent assay (ELISA) cytokine tests
were performed according to the critical observation method
reported previously.?!~?* The production of IL-4 and IFN-y
was measured using two rat monoclonal antibodies (mAb) for
each cytokine (Pharmingen, Lugano, Switzerland). The
Pharmingen mouse cytokine ELISA protocol was adapted for
this work. Briefly, two micro-ELISA plates (Dynatech M-129
A; Dynatech, Embrach-Embraport, Switzerland) were coated
with 100 ul of purified mAb R4-642 (4 ug/ml) for the IFN-y

plate and 100 1 of mAb clone BVD4-1D11 (4 ug/ml) for the IL-
4 plate. Monoclonal antibody dilutions were made with 0-1 M
sodium carbonate buffer (pH82) and incubated at 4°
overnight. Plates were washed twice and unoccupied sites
were saturated for 2 hr with 200 ul of 10% FCS in PBS, pH 7-4.
Plates were then washed four times and 100 ul of cell culture
supernatants, pooled from 10 cell culture wells, were allowed to
incubate overnight at 4°. Specific recognition of IFN-y and IL-4
molecules was detected with biotinylated mAb clone XMG1.2
for IFN-y, and biotinylated mAb clone BVD6-24G2 for IL-4.
One-hundred microlitres of each mAb (2 ug/ml) was added per
plate and incubated for 45min at room temperature. Plates
were washed again and 100zl of avidin—peroxydase (Sigma),
diluted 400-fold in PBS—-10% FCS, was allowed to incubate for
30 min at room temperature. An enzymatic colour reaction was
generated using 2,2-Azino-bis-[3-ethylbenzthiazoline-6-sul-
phonic acid] (ABTS; Sigma) substrate and measured with an
ELISA spectrophotometer (Dynatech) 30 min after incubation
at 405 nm. Results show the mean of quadruplicate wells and
error bars indicate the variation of individual values from the
mean. Dilutions of IL-4 or IFN-y recombinant proteins (rIL-4,
rIFN-y; Pharmingen) were used as positive test controls.
Experiments were repeated at least five times and representa-
tive data are shown.

RESULTS

In vitro proliferation of tick-specific Ilymphocytes

Nine days after being infested with nymphal I. ricinus ticks,
BALB/c mice developed a specific immune response. At this
time, all ticks were engorged and had been detached from their
hosts for 2—3 days. Tick salivary gland extracts induced in vitro
lymphocyte proliferation of axillary and brachial lymph nodes
draining the tick fixation site (net c.p.m. = 38381 + 5678).
Cells from the opposite site did not proliferate (net c.p.m. =
414 £ 81), showing the regionalization of the immune
response. o

We observed a dramatic increase in situ of the size of
axillary and brachial lymph nodes localized near the tick
attachment site compared to similar lymph nodes localized at
the non-infested side (data not shown).

In vitro 1L-4 and IFN-y production

Nine days after the beginning of the first infestation, cells from
the lymph nodes draining the site of tick fixation produced high
levels of IL-4 (largely > 8 ng/ml) when stimulated with Con A.
Cells from the opposite site incubated with Con A and cells
incubated without Con A (controls) did not produce IL-4
(Fig. 1a). _

In the same conditions, cells from the draining lymph nodes
produced low levels of IFN-y (approximately 12 U/ml). Cells
from the opposite site stimulated with Con A and control cells
did not produce IFN-y (Fig. 1b).

Figure 2 shows the evolution of IL-4 and IFN-y production
by lymph node cells draining the tick fixation site. The assays
were carried out 9 days after the beginning of the first and the
third infestation. At any time control cells did not produce
either IL-4 or IFN-y. When stimulated with Con A the IL-4
levels remained high from the first until the third infestation
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Figure 1. Measurement of IL-4 and IFN-y by specific ELISA.
Comparison between a pool of axillary and brachial lymph node cells
from the infested side of mice, and similar cells from the non-infested
side. Mice were infested with 15 nymphal I. ricinus ticks and lymph
node cells were removed 9 days after tick infestation. 1x10°
lymphocytes were stimulated in vitro during 24h with Con A (4 ug/
well) or without (controls). (a) IL-4 data. (b) IFN-y data. Results show
the mean of quadruplicate wells and error bars indicate the variation of
individual values from the mean. Serial dilutions of IL-4 and IFN-y
recombinant protein were used as positive test controls.

(Fig. 2a). IFN-y production was very low after the first
infestation (approximately 12U/ml) but increased after the
third infestation (approximately 50 U/ml) (Fig. 2b).

DISCUSSION

Recent investigations have indicated that two memory cell
types (specific for the antigen and specific for the antigen entry
site) may be generated during antigen introduction into the
host.2*?% The existence of antigen-specific T lymphocytes can
be proven by in vitro stimulation of draining lymph node cells
with the same antigen that has been used previously for
sensitization.

In this report we have demonstrated the regionalization of
the immune response. Axillary and brachial lymph node cells
from mice infested with 1. ricinus nymphal ticks can be

stimulated with tick salivary gland extracts in vitro. Specific

memory cell types in the lymph nodes are associated with the
antigen entry site. The importance of the antigen entry site on
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Figure 2. Measurement by specific ELISA of IL-4 and IFN-y evolution
from the first to the third infestation. A pool of axillary and brachial
lymph node cells from two groups of mice each infested once and three
times with 15 nymphs of I. ricinus tick were used. 1x 10° cells were
stimulated during 24 hr with Con A (4 ug/well) or without (controls).
(a) IL-4 data. (b) IFN-y data. Results show the mean of quadruplicate
wells and error bars indicate the variation of individual values from the
mean. Serial dilutions of IL-4 and IFN-y recombinant protein were
used as positive test controls.

the subsequent development of effector cells is poorly under-
stood. It has been shown that in vitro stimulation of
lymphocytes recovered from lymph nodes that receive afferent
lymphatic drainage from mucosal tissues produce less IL-2 and
IFN-y than IL-4 and IL-5.%

In our study the high level of IL-4 measured after Con A
stimulation may be attributed to the previous sensitization by
tick salivary immunogens of specific T-helper lymphocytes in
the draining lymph nodes. They were not necessarily
responsible for IFN-y production, which may have been due
to antigen entry site memory.

In the human, repeated activation in skin or skin-associated
peripheral lymph nodes may reinforce the cutaneous
lymphocyte-associated antigen (CLA) expression on T cells
functionally associated with skin, and thus enhance the
efficiency of these cells by preferentially focusing their
recirculation in the skin or related sites.? In BALB/c mice
infested with 1. ricinus nymphs, it has been reported recently
that only the number of IFN-y mRNA-positive cells increased
during repeated infestations at the tick-binding site, compared
to IL-4 mRNA-positive cells.!! IFN-y is a pivotal stimulator of
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lymphocyte migration into the skin and a major mediator of
lymphocyte recruitment in DTH.?’

The antigen-processing cells seem to play a foremost role
for differentiation into either Thl or Th2 cells.® Epidermal
Langerhans’ cells are essential for mammalian hosts to generate
a specific anti-tick immune response.?® In tick-infested
BALB/c mice they probably generate epitopes that induce
selective responsiveness of Th2-like cells. It has been reported
that pretreatment of mice with aqueous antigen induces
selective unresponsiveness in Thl-like cells, which secrete
IL-2 and IFN-v; but not in Th2-like cells, which release
essentially IL-4 and IL-5.3" A decrease of specific [gG2a and
IgG2b in mice pretreated with aqueous antigen has also been
demonstrated. The aqueous nature of immunogens in tick
saliva could also induce this type of polarized cytokine pattern.

In BALB/c mice infested with nymphal I. ricinus ticks, we
have observed an increase of B lymphocyte reactivity after in
vitro lipopolysaccharide (LPS) stimulation of lymph node cells
compared to uninfested mice (unpublished results). Absence of
IgG antibody production is common, but some BALB/c
infested mice can produce low levels of IgG antibodies.”®
T-helper induction of IL-4 promotes polyclonal B-specific
lymphocyte production but IFN-y prevents their differentiation
to plasmocytes capable of generating specific IgG antibodies. 333
However, high levels of IL-4 may induce inhibition of IgG
production by immunoglobulin switching to IgE anti-
bodies. 33 IFN-y enters late into the process of B-cell
differentiation. It may induce the inhibition of immuno-
globulin transcription, through an as yet unknown mechan-
ism, or act post-transcriptionally. It may also function by
increasing the threshold for precursor differentiation in
response to LPS. Some authors have hypothesized that IFN-y
is an essential regulator of polyclonal B-cell responses in
normal homeostasis.*®

The immune response balance in BALB/c mice infested
with I. ricinus nymphs does not induce acquired resistance
due to no or very weak IgG antibody production, high levels of
1L-4, low levels of IFN-y, light DTH and significant ITH
(compared to DTH).® In conclusion, the probable strong Th2
polarization of the cytokine profile in this host—parasite system
can be associated with susceptibility to tick infection.
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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 1L-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 1L-5 and IL-10 was observed. The IL-10 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)."? 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.®

Laminin is the main constituent of extracellular matrix, it is
involved in many cellular activities including cell adhesion and
lymphocyte migration as described previously.* In vivo treat-

ment with anti-laminin antibodies modified lymphocyte traffic.’ _

In addition, activated T lymphocytes were shown to have
proteolytic enzymes to degrade components of the basement
membrane in vitro, including laminin.®
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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.” 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 JFN-y) by lymph node cells from BALB/c
mice infested with ticks.” 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 mice'® 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 JFFA-CREDQO (Arbresle; France). Ixodes ricinus nymphal
ticks were reared in our laboratory as previously described.'?
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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.’
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.'® 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 S50 mm phosphate-buffered saline (PBS) at pH 74,
SmMm phenylmethylsulphonyl fluoride (PMSF) and 10mmMm
ethylene diaminetetraacetic acid (EDTA). Antigenic extracts
were centrifuged at 16000 g for 30 min at 4°. The supernatant
was dialysed overnight in 25mm PBS pH 74 and centrifuged
again under the same conditions. Protein concentration was
determined using Coomassie Blue method. Sterilized dialysate
was finally stored at —20° until use.

Cell culture

Ninety-six well, flat-bottomed plates (Falcon) were coated with
75 ug/well of natural mouse laminin from Engelberth—Holm-—
Swarm sarcoma (EHS) cells, (Gibco, Basel, Switzerland) at 4°
overnight.'* 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 10° cells were cultured in a total volume
of 100 ul/well in complete culture medium [RPM1-1640 (Gibco),
supplemented with 10% FBS (v/v), 2mmM L-glutamine, 1 mm
sodium pyruvate, 1% non-essential amino acids (Sigma, St
Louis, MO), 5 x 10~>M mercaptoethanol, 100 U/ml Peni/Strep
(Gibco) and 0-25 pg/ml Fungizone (Gibco)] Con A (2 ug/well)
and LPS (2 ug/well), (Sigma) were added in designated wells.
After a 48-hr incubation of the culture at 37° in saturated
atmosphere with 5% CO,, wells were pulsed with 0-1 uCi/well
(37-0 MBg/ml) of tritiated thymidine (Amersham Int, Amer-
sham, UK). Cells were harvested 18-24hr later and [*H]
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 10° lymph node
cells in 100 ul 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 1L-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 0-25ug/10° cells of monoclonal antibody (mAb)

(1gG2a) rat anti-mouse L3T4/CD4 (Pharmingen, AMS, Lugano,
Switzerland). Monoclonal antibodies were diluted in PBS
pH7-4 (0-15M NaCl, 0-01 M sodium phosphate) with 1%
FBS. Cells were washed three times with HBSS and again
incubated with Dynabeads M-450 sheep anti-rat 1gG (Dynal,
Milan Analytica, La Roche, Switzerland) diluted in PBS:1%
FBS (ratio 40: 1) for 45min at 4°. The CD4* T lymphocytes
were then depleted using Magnetic Particle Concentrator
MPC-1 (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 10° cells per well for 96 hr with or without
2-5 ug/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 ul
of purified mAb clone TRFKS (4 ug/ml) for IL-5 and 100 ul of
mAb clone JS5-2A5 (4 ug/ml) for 1L-10. Monoclonal anti-
bodies were diluted with 0-1 m sodium carbonate buffer (pH 8-2)
and incubated at 4° overnight. After successive washings for
2 hr, unoccupied sites were blocked with 200 ul of 10% FBS in
PBS pH 7-4, plates were washed four times and 100 ul of cell
culture supernatants, pooled from ten cell culture wells were
incubated overnight at 4°. Specific recognition of IL-5 and IL-
10 molecules was detected with biotinylated mAb clone
TRFK4 for 1L-5 and biotinylated mAb clone SXC-1 for IL-
10. The secondary antibody was added at 100 ul (4 ug/ml) per
well and incubated 45min at room temperature. Plates were
washed again and 100 ! 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-10 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 75 ug 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

© 1996 Blackwell Science Ltd, Immunology, 87, 259-263
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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 ug/well

Without laminin Laminin 75 pg/well

Controls 1213 £ 217
Con A (2 pg/well) 124729 + 14229*
LPS (2 ug/well) 17386 + 2296§

1609 £ 526
88615 & 13067*
17705 & 2933§

15924 + 1559
96397 + 86941
75118 £ 115099

16778 £+ 2650
93131 £ 18670%1
79947 £ 173259

Comparisons between lymph node cell responses from uninfested mice in laminin-coated and uncoated weils showed
a significative difference by Student’s t-test (p < 0-01) (*). This Jaminin effect was not observed in the case of cells from
infested mice (f). Similar levels of cell proliferation after Con A stimulation is observed between cells from uninfested
mice in Jaminin-coated wells and cells from infested mice (}). LPS stimulation was not modified by laminin (§Y]) 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 of lymph 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

Datain Fig, | show the measurement by specific ELISA of IL-35
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Figure 1. Measurement by specific ELISA of 1L-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 (4 ug/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 < 1072
not shown).

© 1996 Blackwell Science Ltd, Immunology, 87, 259-263

and JL-10 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. 1b) whereas IL-5 is undetectable (Fig. la).
Nine days after the third infestation an increase in IL-5 levels
(1-32ng/ml, Fig. 1a) 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 11.-10 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.'? These obser-
vations have been attributed to the tick’s ability to modulate
the immune response of the host. 1n our work, we demonstrate
however that laminin and JL-10 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 24 hr with Con A or cell culture medium only (1 x 10® 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
1L-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.'®
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 1. ricinus ticks,
inflammatory cells migrate via the bloodstream, cross the
epithelium of postcapillary venules and infiltrate the skin.’
Memory and effector T cells that infiltrate the skin do not
return to lymph nodes, or do so only rarely.'®!” Another
possibility for the cells to contact basement membrane, and
especially laminin molecules, is through the high endothelial
venules (HEV);'® this is the case for homing lymph node cells
and naive lymphocytes which have been recruited from other
secondary lymphoid organs.'>?

Laminin molecules have a high affinity for sulphated
glycolipids on the cell surface, some of which are Con A
receptors.’ The CD4* T lymphocytes are more affected by
laminin than other lymphoid cell types.?? 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."2>2* Activated cells are able to elicit protease
activities which can affect the T-cell response to Con A
stimulation in vitro.® Therefore, it may be reasonable to suggest
that tick-specific activated lymphocytes are Con A receptor
modified and consequently less responsive to this mitogen.?* =%’

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 Thl clones and of mitogen stimulated mouse CD4*
and CD8™ T cells.'" Murine 1L-10 is expressed by mouse
CD4* Th2 clones, and other cell types (B, NK, CD8",
monocytes/macrophages).

The lymph node cell response to in vitre 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.'® 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.’

We have recently demonstrated that lymph node cells from
BALB/c mice infested with nymphal 1. ricinus ticks produce
high levels of 1L-4 and low levels of IFN-y after Con A
stimulation.® 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®® have reported that aqueous antigen induces tolerance in
Thl-like but not Th2-like helper cells. The detection of 1L-S§
and IL-10 in this work suggests that the Th2 polarization
occurs by tolerizing Thl cells. The increase in 1L-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.’
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.”® Prostaglandin E, (PGE,), one of the
constituents of some tick saliva, inhibits Th] cells in vitro but
not lymphokine production by Th2 cells.®® This immune

modulator also reduces T-cell line production of IL-2 in
vitro.3' However, recent observations show that the in vitro
reduction of 1L-2 production by murine spleen cells is due to a
5000 molecular weight protein contained in saliva of 1. dammini
ticks rather than to PGE,.*?

As recently reported, Thl cells regulate macrophage
activation and immunoglobulin isotype switching to 1gG2a
and 1gG3, isotypes that mediate antibody-dependent cellular
cytotoxicity (ADCC) and complement activation.>® Thl cells
have been demonstrated to activate appropriate host defences
against facultative and obligate intracellular pathogens. In
some of these infectious diseases, IL-4, JL-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 I. 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 1. ricinus nymphs may
be controlled by IL-4 and 1L-10 synergy.”**

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 of lymph node cells to the
mitogen Con A.
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