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SUMMARY

 

Saliva of sand flies (Diptera: Phlebotominae) plays an
important role in transmission of

 

 Leishmania 

 

parasites by
modulating host immune response. However, because of the
different protein compositions of saliva, the immunomodulatory
effects may vary among sand fly species. We have therefore
analysed and compared the immunomodulation effects of saliv-
ary gland lysate (SGL) of three different sand flies. Spleen
cells from BALB/c mice were incubated with SGL of

 

 Phle-
botomus papatasi

 

,

 

 P. sergenti 

 

or

 

 Lutzomyia longipalpis

 

.
Concanavalin A-stimulated lymphocyte proliferation was sig-
nificantly suppressed with SGLs of all three sand fly species
and all SGL doses tested. This result indicates that saliva
from different sand fly species is able to suppress host prolif-
erative response even to the potent mitogen. In parallel experi-
ments, we analysed the effect of SGL on IFN-

 

γ

 

, IL-2, and
IL-4 production; in mitogen-stimulated cells SGLs markedly
inhibited IFN-

 

γ

 

 production in all intervals tested (reduced up
to 31%) and to a lesser degree impaired production of the
other two cytokines as well. Despite some species-specific dif-
ferences in the intensity of immunomodulatory effects, saliva
of all sand fly species modulated cell proliferation as well as
cytokine production in a similar way.
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RESEARCH NOTE

 

Saliva of blood-feeding sand flies (Diptera: Phlebotominae)
is known to modulate host’s haemostatic system as well as
an immune response (1,2). When the sand fly female feeds
on blood, the host is exposed to sand fly saliva at the site of
bite. Titus and Ribeiro (3) were the first who demonstrated that
the interactions at the sand fly–host interface influence
the transmission of  

 

Leishmania

 

 parasites. Since then, the
enhancing effect of  sand fly saliva has been shown to be
valid for various 

 

Leishmania

 

-sand fly combinations, includ-
ing the unnatural ones (1,2).

Although saliva plays a crucial role in 

 

Leishmania

 

 trans-
mission, it can also alter the host response to a stimulus
unrelated to 

 

Leishmania

 

. Salivary gland lysate (SGL) of

 

Lutzomyia longipalpis

 

, the New World sand fly, is able to
modulate various monocyte/macrophage functions: it affects
the expression of costimulatory molecules, induces an increase
in IL-6, IL-8 and IL-12p40 production, and a decrease in
TNF-

 

α

 

 and IL-10 production by LPS-stimulated human
monocytes (4). In addition, 

 

L. longipalpis

 

 SGL suppresses a
T-cell proliferative response to sheep red blood cells 

 

in vivo

 

and to ConA 

 

in vitro

 

 (5). Similar effects were reported
for maxadilan, the vasodilatory peptide of  

 

L. longipalpis

 

.
Analogous to whole saliva, it modulates both cytokine
production (6–8) and T-cell proliferation (9).

In contrast to the extensive work performed with 

 

L. lon-
gipalpis

 

, relatively little is known about the effects of 

 

Phle-
botomus

 

 saliva on the host immunity. Mbow 

 

et al

 

. (10) showed
that 

 

P. papatasi

 

 saliva alone up-regulates IL-4 mRNA expres-
sion in mice 

 

in vivo

 

. In LPS-stimulated monocyte/macro-
phages, 

 

P. papatasi

 

 saliva can increase IL-6 secretion and
decrease NO synthesis (8,11). Katz 

 

et al

 

. (11) showed that
salivary adenosine is the factor responsible for this down-
regulation of NO synthesis.

In this study we characterized the host immune response
to sand fly saliva in a mouse model. As shown previously,
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the protein composition of sand fly saliva varies among spe-
cies (12) and what is even more important, salivary antigens
are species-specific (13,14). The main aim of this study was
to analyse the effect of sand fly saliva on cell proliferation
and cytokine production 

 

in vitro

 

 and to compare the effect
of saliva of various sand fly species. We have chosen the two
most studied species, 

 

L. longipalpis

 

 and 

 

P. papatasi

 

, together
with 

 

Phlebotomus sergenti

 

, whose saliva has not yet been
tested for immunomodulatory effects.

Salivary gland lysate was prepared from nonblood-fed

 

P. papatasi

 

 (origin from Turkey), 

 

P. sergenti

 

 (Turkey) and

 

L. longipalpis

 

 (Brazil). Sand fly colonies were maintained in
the animal house of the Faculty of Science, Charles Univer-
sity in Prague. Females 5–10-day old were used, since the
full protein profile was already reached at this age (12).
Salivary glands were dissected out in cold Tris buffer (20 m

 



 

Tris, pH 7·6). The groups of 20 glands in 20 

 

µ

 

L of  Tris buffer
were stored at 

 

−

 

70

 

°

 

C until needed. Before use, salivary glands
were disrupted by repeated freezing/thawing and 12 samples
from the same species were pooled together (correspond to
240 glands). The lysate was sterilized by centrifugation
through a 0·2-

 

µ

 

m filter (2500 g for 5 min), then diluted with
Tris buffer to the concentration one gland in 5 

 

µ

 

L Tris
buffer. For cultivation with splenocytes, SGLs were fur-
ther diluted with tissue culture medium (complete compo-
sition below) to give 1, 1/4 or 1/16 gland in 50 

 

µ

 

L aliquots.
Female BALB/c mice came from the breeding colony of the

Laboratory of Molecular and Cellular Immunology, Institute
of Molecular Genetics, Prague. The mice were maintained
under specific pathogen-free conditions and used for exper-
iments at 7–10 weeks of age. Mouse spleen cells (10

 

5

 

 cells per
well) were incubated unstimulated or with 0·25 

 

µ

 

g /mL con-
canavalin A (ConA) in triplicates in 96-well flat bottom
tissue culture plates (Costar, NY). The culture medium, RPMI-
1640 medium with L-glutamine and NaHCO

 

3

 

 (R8758), was
supplemented with 10% heat inactivated foetal calf  serum,
50 n

 



 

 2-

 

β

 

-mercaptoethanol, 25 m

 



 

 HEPES, 100 units /mL
penicillin and 100 

 

µ

 

g /mL streptomycin (complete RPMI) as
described elsewhere (15). All reagents were from Sigma (St.
Louis, MO). To examine the effect of sand fly SGL, 1, 1/4
or 1/16 gland per well were added prior to addition of medium
only or ConA. Total volume per well was 200 

 

µ

 

L and cells
were cultivated for 72 h. For the last 6 h of  the cultivation
0·5 

 

µ

 

Ci/well of  [

 

3

 

H]-thymidine (Institute for Research,
Development and Utilization of Radioisotopes, Prague) was
added to the cultures. The cells were harvested on glass-fibre
filters and the amount of [

 

3

 

H]-thymidine incorporated by
the splenocytes was determined as counts per minute (cpm)
using a liquid scintillation counter (Beckman LS600SE, CA).
Proliferation was expressed as a stimulation index (SI), a
ratio of the cpm for SGL-treated cells divided by the mean
cpm of  control SGL-untreated cells (the background cpm

for unstimulated cells was 1832 

 

±

 

 166, for cells incubated with
ConA only the cpm was 83 233 

 

±

 

 2862).
In parallel experiments, tissue cultures were incubated in

quadruplicate with one gland per well as described above to
determine cytokine production; the supernatants were
collected after 24, 48 and 72 h and stored at 

 

−

 

70

 

°

 

C until use.
IL-2, IL-4 and IFN-

 

γ

 

 were determined using the primary
and secondary monoclonal antibodies at a concentration
of 1 

 

µ

 

g /mL (IL-2: JES6–1A12, JES6–5H4; IL-4: 11B11,
BVD6–24G2; IFN-

 

γ

 

: R46A2, XMG1·2) purchased from
PharMingen (San Diego, CA). Enzyme-linked immuno-
sorbent assay (ELISA) was performed using the conditions
recommended by PharMingen. The absorbance was meas-
ured using the MR700 Microplate Reader (Dynatech, UK)
at 405 nm wavelengths. IL-2, IL-4 and IFN

 

γ

 

 levels were
estimated from the titration curves (as standards were used
appropriate recombinant cytokines from PharMingen) using
the curve fitter program KIM-E.

The data obtained by ELISA and proliferation tests were
derived from four independent experiments (using spleen
cells prepared from four different mice) and were analysed
for statistical significance using the nonparametric Wilcoxon
rank–sum test for difference in medians. The result of
analysis was considered significant when 

 

P 

 

≤

 

 0·05.
The proliferative response of naive spleen cells after ConA

stimulation was significantly decreased by the sand fly SGL,
when compared with the controls (

 

P <

 

 0·01) (Figure 1a).
The stimulation index was ranging between 0·69 

 

±

 

 0·05 for
1/16 gland of 

 

P. papatasi

 

 and 0·32 

 

±

 

 0·04 for 1 gland of 

 

P.
sergenti

 

. The pattern of suppression had a trend indicating
a dose dependency. However, this was significant only for

 

P. sergenti

 

 SGL; the highest concentration tested (one 

 

P. sergenti

 

gland per well) suppressed the proliferation to a significantly
greater degree than the other two dilutions from the same
species (reduced to 32% vs. 47% and 67%, respectively).

The level of  suppression differed between species. The
proliferative response was significantly lower in cells cultured
with 

 

P. sergenti

 

 SGL than in those with 

 

P. papatasi

 

 for two
dilutions tested: 1/4 and 1 gland per well (

 

P =

 

 0·002 and 0·040,
respectively). On the other hand, the  response of the cells
cultured with 

 

L. longipalpis

 

 SGL did not differ significantly
from those cultured with both 

 

Phlebotomus

 

 SGL (

 

P

 

 > 0·1).
Incubation of ConA-stimulated splenocytes with SGLs

influenced the levels of all cytokines measured (Figure 1b,c,d).
The production of  IFN-

 

γ

 

 (Figure 1b) was inhibited after
the exposure to SGL for 24 h and remained significantly
suppressed at 48 and 72 h, for all but one sand fly species (

 

L.
longipalpis

 

) in one time interval tested (48 h). We observed
decrease of IFN-

 

γ

 

 levels by 25% (

 

L. longipalpis

 

 SGL at 48 h)
to 69% (

 

P. sergenti

 

 SGL at 24 h). The level of IFN-

 

γ

 

 inhibition
differed significantly between 

 

L. longipalpis

 

 and 

 

P. sergenti

 

in all time intervals tested, but not between 

 

L. longipalpis
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and 

 

P. papatasi

 

. A significant difference between 

 

Phlebotomus

 

species was seen only at 24 h, when 

 

P. sergenti

 

 SGL suppressed
IFN-

 

γ

 

 production to a greater degree than 

 

P. papatasi

 

 SGL
(

 

P =

 

 0·041).
Supernatants of ConA-stimulated splenocytes contained

the highest level of  IL-2 at 24 h, then the level of  this
cytokine decreased. Incubation with SGL inhibited increase
of IL-2 at 24 h, but led to slower decrease of its level at the
later stages of  incubation (Figure 1c). The level of  IL-2
inhibition at 24 h did not differ significantly between
species. At 48 h the level of IL-2 was significantly lower for

 

L. longipalpis

 

 SGL only, whereas the SGL of  

 

Phlebotomus

 

species did not exhibit any influence. At 72 h of incubation
the presence of  SGL led to slower decrease of  the IL-2
levels; the most effective was 

 

L. longipalpis

 

 SGL. Incubation
of  splenocytes with SGLs alone did not influence the
cytokine production. There was only one exception; the
levels of IL-2 were significantly inhibited at 48 h (data not
shown).

The production of  IL-4 (Figure 1d) was significantly
inhibited at 24 and 48 h for all SGLs tested. At 24 h the level
of IL-4 suppression was similar in all three species, whereas
at 48 h 

 

P. papatasi

 

 SGL inhibited the IL-4 production to a
lower degree than the other two sand fly species (

 

P =

 

 0·030).
At 72 h the IL-4 production was significantly inhibited with

 

L. longipalpis

 

 SGL only; the SGLs of 

 

Phlebotomus

 

 species
were ineffective.

Host immunomodulation by saliva of arthropod vectors
has been first recognized in ticks, which maintain prolonged
host contact. However, it is present also in transient blood
feeders such as mosquitoes and sand flies (1,16). To evaluate
the potential effect of  sand fly saliva on the host immune
response we measured mouse splenocyte proliferation and
cytokine production. We found that as little as 1/16 of a sali-
vary gland (concentration approximately 0·3 gland per ml)
was able to suppress lymphocyte proliferation with no
significant effect on the viability of  the cells (preliminary
results). This indicates that not only activated but also cells
in a naive or resting state are susceptible to SGL effect.

The inhibitory effect of vector saliva on cell proliferation
was found in various haematophagous insects, including the
black fly 

 

Simulium vittatum

 

 (17), the stable fly 

 

Stomoxys
calcitrans

 

 (18), and the mosquito 

 

Aedes aegypti

 

 (19,20). In
sand flies, similar results were reported only for 

 

L. longipalpis

 

.
Saliva of this species inhibited splenocyte proliferation to
ConA (5) and proliferative response of 

 

Leishmania major

 

-
specific T cells (21). Qureshi 

 

et al

 

. (9) suggested that the unique
salivary peptide of 

 

L. longipalpis

 

, maxadilan, is responsible
for the inhibitory effect on cell proliferation. Despite the
fact that maxadilan was not found in 

 

Phlebotomus

 

 saliva
(2), the level of inhibition did not differ significantly between

 

Lutzomyia

 

 and both 

 

Phlebotomus

 

 species; SGL of 

 

Phlebotomus

 

species has an inhibitory effect on splenocyte proliferation
similar to those observed with 

 

L. longipalpis

 

 SGL.

Figure 1 The effects of sand fly salivary 
gland lysate (SGL) on mouse splenocyte 
proliferation (a) and cytokine production 
(b, c, d) were measured on ConA-stimulated 
spleen cells incubated without SGL 
(white bar) or with SGL derived from 
L. longipalpis (black bar), P. papatasi (dark 
grey bar), and P. sergenti (light grey bar). 
(a) The cells were incubated with SGL at 
the indicated doses for 72 h. The bars 
represent mean stimulation index ± SD, 
a ratio between lysate-treated and 
lysate-untreated cells, from four independent 
experiments. Value of counts per minutes 
(cpm) for control (white bars) was 
83 233 ± 2862. * indicates P < 0·01. The 
production of IFN-γ (b), IL-2 (c), and IL-4 
(d) was measured at 24, 48, or 72 h; 
splenocytes were incubated with SGL at 
dilution that corresponded to one gland per 
well. The data represent mean cytokine 
concentrations (ng/mL) ± SD from four 
independent experiments. * indicates 
P < 0·05.
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Sand fly saliva has been reported to alter several monocyte/
macrophages and dendritic cells functions, including
cytokine production (4,8,11), but its direct effects on
cytokine production by lymphocytes have not been described
yet. The study is in progress in our laboratory to compare
modulatory effects of sand fly saliva on macrophage-derived
cytokines as well. Here, we have analysed the effect of saliva
on cytokine production by lymphocytes. We showed that
sand fly saliva affects an early cytokine response to both
Th1 (IFN-γ, IL-2), as well as Th2-associated cytokines
(IL-4) in response to the stimulus unrelated to Leishmania.
Studies conducted with blood-sucking arthropods indicate
that vector saliva modulate cytokine production in several
ways, e.g. by cytokine-binding protein (22) or through the
direct interaction with the host receptors (7,8). However,
further studies are needed to understand the mechanism(s)
by which sand fly saliva/salivary components influence host
immune response.

IFN-γ is the principal mediator of resistance to Leishma-
nia parasites because of its ability to activate macrophages
to a parasiticidal state (23). This cytokine plays a role in Th
cells differentiation, supporting primarily Th1 development
(24). Sand fly saliva has been shown to reduce IFN-γ produc-
tion in vitro in the presence of  Leishmania parasites (8).
We expand this finding, showing that sand fly saliva inhib-
ited IFN-γ production in the presence of ConA as well and
that its level remained low for at least 3 days.

The only cytokine affected by all SGLs tested in both,
ConA-stimulated and unstimulated lymphocytes, was IL-2.
IL-2 acts as a T-cell growth and survival factor (25). Our
results suggest that the inhibition of splenocyte proliferation
depends on early suppression of IL-2, although other mech-
anisms underlying this phenomenon cannot be excluded.
On the other hand, on the later stage of incubation the level
of IL-2 was higher in the presence of SGL, which might be
caused by different degree of IL-2 consumption by spleno-
cytes incubated with SGL.

The third cytokine measured was a Th2 cytokine IL-4. In
mice inoculated with Leishmania parasites, sand fly SGL
enhanced IL-4 production (10,26,27), which seems to corre-
late with the enhancing effect of sand fly saliva on leishma-
niasis development. On the other hand, in mice exposed to
infected sand flies, only few cells were IL-4 positive (28). The
differences among these results may reflect variations in
experimental conditions, e.g. the route of  salivary antigen
exposition and the presence of Leishmania parasites in an
experimental model. Similar discrepancies were observed
also with Aedes aegypti saliva (19,29). Therefore the role of
sand fly saliva on IL-4 production remains to be determined.

The modulation of immune response by sand fly saliva
was measurable as early as at 24th h and lasted for at least
3 days. The prolonged effect on host immunity had an

important implication on Leishmania transmission, allow-
ing the early stage of infection to proceed. Sand fly salivary
gland material is able to modulate host immune response for
up to 21 days after Leishmania infection (10) and, what is
more important, enhance Leishmania infectivity even when
injected 4 days prior the parasites (21). Our observations
showed that the strong effect on host immunity is a common
feature of sand fly saliva.

Anti-sand fly saliva immunity allows the host to develop
protective immunity against Leishmania transmission (2). It
needs to be established, whether the modulatory effects and
subsequently the protective immunity are species-specific.
We have shown previously, that antibody response elicited
by sand fly saliva is species-specific (13,14). So far as we are
aware, this is the first study that compares cell-mediated
host immune response to SGL of various sand flies. Despite
some species-specific differences in the intensity of immuno-
modulatory effects, saliva of  L. longipalpis, P. papatasi,
and P. sergenti modulates the cytokine production as well as
proliferation of cells from naive mice in a similar way.
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