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Abstract

Specific immune responses by CDdnd CD8 T cells, from two infected mice strains (BALB/c and C57BL/6), induced by
High, Inter and Low protein fractions released byishmania infantum, were assessed through the evaluation of IL-12, 4FN-
and IL-10 mRNA by real-time PCR and respective protein production by ELISA. During infection establishment, High and Inter
fractions directed both mice strains T cells subsets to increase the production §f BSseciated to IL-12 release. Later on,
parasite replication augmented in BALB/c and stabilised in C57BL/6 mice. Inter fraction inducedTCi2dls to maintain IFNy
production, with the simultaneous release of IL-12 by both cell subsets in BALB/c mice and Byl@eBs in C57BL/6 mice. These
observations suggested a prophylactic potential for Inter fraction which was able to induce Th1 response with IL-12 involvement,
required for the maintenance of memory cells, in mice strains with different parasitic evolution.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The parasites of the genligishmania are deposited
. o . in the mammalian skin by the infected sand fly and
_ Leishmaniasis are diseases caused by protozoan paraare phagocytosed by macrophages. Once inside the
sites of the.genuSeishm'ania Wlth SlgnlflC.ant mObedIty macrophage’s phag0|ysosome, the parasite rep”cates
and mortality that remains a major public health problem and spreads to other cells, tissues and to internal organs
in the tropics and subtropics. Zoonotic visceral leishma- depending on theeishmania species. On the other hand,
niasis due td.eishmania infantum is simultaneously a  parasite multiplication can also be limited by an efficient
public health and veterinary problem that presents a poor host immune response.
prognosis if not treated. To successfully establish an infectiobeishmania
has developed several strategies of survival, such as pre-
" Corresponding author, Tel.: +351 21 3652600; venting host T cell stimulation and specific immune
fax: +351 21 3622458/32105. response that would lead to macrophage activation
E-mail address: santosgomes@ihmt.unl.pt (G.M. Santos-Gomes). and parasite destruction. The parasite modulates cell-
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mediated immune mechanisms to its favour by inter- was used for mice inoculation, and to obtain released
fering with host gene expression patterns involved in proteins from culture supernatants.

immunity and gene products at a post-transcriptional  Infection was performed through the intraperitoneal
level, or impeding that the products exert any action route with 5x 10° promastigotes per mouse. Two groups
(Bogdan and Rollinghoff, 1998; Rodriguez et al., 2004  of non-infected healthy mice, one of each strain, were
Moreover, it has been demonstrated that resistance tomaintained as controls. In a previous study (data not
leishmanial infections is associated with the capacity show), it was verified that C57BL/6 and BALB/c mice
of CD4" T cells to generate IFN; which activates  strain showed a similar pattern bfinfantum parasitism
the parasitised macrophage to kill intracellulafish- in the spleen that diverged on day 45 post-infection (pi),
mania (Liew et al., 1989; Mosmann and Coffman, 1989; presenting an increase parasite replication in BALB/c
Heinzel etal., 1991 Additionally, there are several stud- mice. Therefore, at days 30 and 45 pi, five infected
ies that confirm the role of CDST cells in resistanceto  animals and three healthy animals of both mice strains
Leishmania infection Hill et al., 1989; Muller et al., were sacrificed by cervical dislocation and their spleens
1991). These cells have been implicated in the control collected for parasite burden determination and leuko-
of visceral leishmaniasis by participating in the specific cytes isolation. The experiments were repeated three

acquired immune response developed by the tidaty times.
et al., 1999; Tsagozis et al., 2003; Gomes-Pereira et al.,
20043. 2.2. Isolation of released L. infantum proteins

Factors that could interfere with the development of
host immune response, leading to an effective reduc- ToisolateLeishmania released proteins, supernatants
tion of the parasite, include, besides local microenviron- of promastigotes cultures were collected, after 24h in a
ment, the nature of parasite antigens that are presentecprotein-free medium. These supernatants were concen-
to lymphocytes. To date there is little information on trated 10,00& by centrifuging (4000« g, 20 min) using
whether isolated eishmania antigens affect lympho-  Centricon tubes (Amicom, Millipore, USA). Released
cyte functions. On the other hand, it is readily accepted proteins were separated by their molecular weight in
that the outcome afeishmania infection depends both  three groups (<37 kDa—Low group, 37—75 kDa—Inter
on the parasitic pathogenecit@éngneux et al., 2000 group and >75kDa—High group) through SDS-PAGE
as well as on the host genetic backgrouBth¢kwell, (Santos-Gomes et al., 2008nd then electroeluted at
1996. Therefore, the purpose of this study was to 100 mA for 30 min using a MiniElectroelutor (Bio-Rad,
analyse in vitro CD#% and CD8 T cells stimulation Milano, Italy). Protein concentration was estimated by
induced byL. infantum released antigens, during the the Lowry method.
course of visceral leishmaniasis in susceptible BALB/c
and in moderately resistant C57BL/6 mideldnjour 2.3. Estimation of viable parasites
et al., 1988; Rosa et al., 20p5hrough the evalua-
tion of cytokine gene expression and respective protein ~ Spleen parasite burden was calculated by limit-

production. ing dilution assay, as described byuffet et al.
(1995) Briefly, 0.01 g of spleen from each mouse was

2. Materials and Methods removed and homogenised individually in Schneider’s
medium (Gibco BRL, UK) supplemented with 20%

2.1. Mice, parasites and infection protocol heat-inactivated foetal calf serum (FCS) (Biochrom,

Germany). Four-fold serial dilutions of the infected

C57BL/6 and BALB/c mice, aged 6—8 weeks, were tissues were distributed in 96-multiwell plates (Nunc,
purchased from Harlan Interfaunaéliica (Spain) and  Denmark) in which the solid phase of NNN (Novy,
housed at the IHMT animal facilities, fulfilling the EU  McNeal, Nicolle) medium plus Schneider’s medium
requirements (86/609/CEE), recognised by Portuguese20% FCS were already set. After 15 days at°’€4
law (DR DL129/92 and Portaria 1005/92). a sample of each well was examined and defined

L. infantum MON-1 (MCAN/PT/95/IMT 205) was as positive or negative depending on the presence or
maintained by serial passages in Syrian golden hamstersabsence of promastigotes. The number of parasites
and amastigotes were isolated from infected spleens.per gram of tissue was calculated as follows: (recip-
After in vitro transformation, virulent promastigotes col- rocal titre of the highest dilution which contained
lected from the stationary phase of a subculture with less at least one parasite/weight of homogenised tissue)
than five passageSéntos-Gomes and Abranches, 1996 400.



R. Rosa et al. / Acta Tropica 97 (2006) 309-317 311

2.4. CD4* and CD8* T cells separation and amplifications were performed by using SYBRsreen
lymphocyte proliferation assays as a double-strand DNA-specific binding dye with con-

. . tinuous fluorescence monitorisation. Amplification was
Splenic leukocytes were isolated from spleen homo- 4rried out in a total volume of 20 containing 1ul of

genates by Ficoll (Gibco BRL) density sedimentation, ~pnA sample, 1Qu of 2x SYBR® Green | dye PCR
washed with Hank’g balanced salt solu_tion (S_igma, UK) Master Mix [(containing AmpliTaq Gol# DNA poly-
and Eressuspended in RPMI 1640 medium (Gibco BRL). merase, dNTP mix with dUTP, passive reference | and
CD4" and CD8 T cells were obtained using the CD4  otimised buffer components) (Perkin-Elmer/Applied
and CDg (L3T4) microbeads on the MidiMACS sys-  gijgsystems)]and primers for IFN; IL-10 and IL-12p40
tem (Miltenyi Biotec, Germany). Briefly, cells were a5 gescribed ifRosa et al. (2005)PCR amplification
suspended in elution buffer [PBS 0.5% bovine serum \ya5 performed in duplicate wells, using the following
alb_umln (BSA)] at a concentration of 1@8||S/90M| to conditions: 10min at 95C for AmpliTag Gold acti-
which 10ul of anti-mouse CD4 and CD8 microbeads ation, followed by a total of 40 cycles (thermal pro-
were added. After 20 min of incubation at@, the cells  fjje for each cycle: 15s at 98, 1 min at 60°C). To
were washed and centrifuged at 30 for 10min at  gantify the cytokine expression, cDNA plasmid stan-
4°C, resuspended in 5Q0 of elution buffer per 18cells dards for each cytokine and HPRRdsa et al., 2005

and applied onto a LS column on the magnetic separator.\yere used to construct a standard curve in each PCR
After several washing steps, the column was removed ;.

from the separator, and the fractions containing €D4

(purity of 94.1%) and CD8 (purity of 91.7%) T cells 26 Cytokine production

were collected. Cells were then cultured in RPMI 1640

medium supplemented with 10% FCS and 100U/ml  |FN-v, IL-10 and IL-12(p70) from supernatants of the
penicillin, 100p.g mI~* streptomycin, in U-shaped 96-  cultured spleen leukocyte cells were analysed by com-
well tissue culture plates (Nunc, Denmark). Assays were mercial enzyme-linked immunosorbent assay (ELISA)
performed intriplicate with X 10° cells/wellstimulated  kits according to the manufacturer’s protocol (Pharmin-
with 5ug mi~2 of High, Inter and Low protein groups.  gen, USA). In each cytokine ELISA, a standard curve

After 96 h of culture in an atmosphere of 5% g€uper-  was generated using a recombinant cytokine.
natants were collected for cytokine quantification, while
cells were used for RNA extraction. 2.7. Statistical analysis
2.5. DNA extraction and real-time PCR assay Data analysis was performed using the SPSS 10.0 sta-
tistical program (SPSS Inc., USA). The following tests
Total RNA was extracted from approximately5L0° were used when appropriate, to compare spleen para-

cultured spleen leukocytes using the RNeasy Mini kit site load at both point times within each mice strain
(Qiagen, Germany) according to the manufacturer’s rec- and between the two mouse strains, and the relative
ommendations. The extraction procedure included a cytokine levels in stimulated and non-stimulated ¢D4
DNase treatment using RNase Free-DNase Set Pro-and CD8 T cells, within each strain of mice: the
tocol (Qiagen) to prevent DNA contamination. Target Kruskal-Wallis test fork independent sampleg ¥ 2),
RNA was reverse transcribed into cDNA using 200U the Wilcoxon signed-ranks test for two matched sam-
M-MLVRT (Life technologies, Gibco BRL), at 37C ples and the Mann-Whitney test for two independent
for 60 min in the presence of 3mM>5M-MLV RT samples. In all statistical tests, a 5% level of significance
Buffer (250 mM Tris—HCI, pH 8.3, 375mM KCl and  was used.
15 mM MgCbh) (Gibco BRL), 10 mM BSA (Boehringer,
Germany), 1 mM dNTPs (Gibco BRL), 40U rRNAsin 3. Results
ribonuclease inhibitor and 200ligo (dT);5 (Promega,
USA). The samples were then heated 10 min &®@for 3.1. Parasite burden in the spleen of BALB/c and
RT inactivation and cooled to“A. C57BL/6 mice

Semi-quantitative real-time PCR was performed in
the ABI GeneAmp 5700-sequence detection system As reported inRosa et al. (2005}he spleen of both
(Perkin-Elmer/Applied Biosystems, USA). Reaction mice strains showed similar parasitic loads (8.70°
conditions were powered on a Pentium Il Dell Opti Plex promastigotes/g) on day 30 pi. On day 45 pi, the lev-
GX110, linked directly to the sequence detector. PCR els of parasitism increased significantly in BALB/c
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Fig. 1. Expression of IL-12, IFNrand IL-10 by CD4 (A) and CD8 (C) T cells of BALB/c and C57BL/6 mice and their respective production (B
and D). Spleen CD4and CD8 T cells were cultured in the presence of protein fractions (High, Inter and Low) or without exogenous stimulation

(WS). Cytokine expression and production were determined by real-

time PCR (data are expressed in number of mMRNA copies per 1000 copit

of HPRT mRNA) and ELISA (data are expressed in pghu respectively. Values represent mean of three independent experifiest8.05

stimulated vs. non-stimulated cells.

mice (2.7x 10* promastigotes/gP =0.005) whereas
in C57BL/6 mice a slight decrease in the parasite
load was observed (3»410° promastigotes/g). At day
45 pi mice strains presented a significaft=(0.001)
difference on the levels of viable parasite found in
spleen.

3.2. BALB/c spleen CD4™ T cells

CD4" T cells isolated from spleen of healthy
BALB/c mice showed an accentuated increase of IFN-
v expression #=0.049) when stimulated with Low
fraction (Fig. 1A) without correspondent production
(Fig. 1B).

CD4* T cells isolated from spleen of BALB/c
mice on day 30 pi and stimulated with protein frac-
tions presented a significant increase in IL-12 mRNA
(P=0.016) Fig. 2A) comparatively to non-stimulated
cells. This increment in IL-12 expression was accom-
panied by important augments of cytokine production
by cells stimulated with fractions HighPE 0.034) and
Inter (P=0.014) Fig. 2B). Simultaneously, a signif-
icant increment £=0.015) in the IFNy expression
(Fig. 2C), as well as, equivalent protein production in

cells stimulated with fractions HighP(= 0.013) and Inter
(P=0.016) was verifiedKig. 2D).

On day 45 pi, cytokine expressions decreased to base-
line levels, except in cells stimulated with Low fraction
that maintained elevated IL-12 mRNA valu#s{0.037;

Fig. 2A). Associated to this expression pattern, signifi-
cant amounts of IL-12K=0.037;Fig. 2B) and IFN+y
(P=0.046;Fig. 2D) were detected in the supernatants
of cells stimulated by Inter fraction that also released
moderate quantities of IL-10~(g. ).

3.3. BALB/c spleen CD8" T cells

The three protein fractions released by infan-
tum caused a significant increase in IL-10 expression
(PHigh, Low = 0.039;Pinter=0.037) of CD8 T cells iso-
lated from spleen of healthy BALB/cF{g. 1C), but
only cells stimulated with High and Low fractions
revealed a significant rais@ € 0.047) in its production
(Fig. 1D).

Stimulated CD8 T cells from infected mice
expressed high levels of IFM-mRNA (P=0.043;
Fig. 2C) accompanied by significant protein production
(P=0.047;Fig. 2D) on day 30 pi.
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Fig. 2. Expression and production of IL-12 (A and B), IRNE and D), IL-4 (E and F) and IL-10 (G and H) by Cbdnd CD8 T cells of BALB/c

mice infected withL. infantum. At days 30 (D30 pi) and 45 (D45 pi) post-infection spleen C@Ad CD§ T cells were cultured in the presence of
protein fractions (High, Inter and Low) or without exogenous stimulation (WS). Cytokine expression and production were determined by real-time
PCR (data are expressed in number of mRNA copies per 1000 copies of HPRT mRNA) and ELISA (data are expressed)nrpgpattively.

Values represent mean of three independent experinights0.05 stimulated vs. non-stimulated cells.

On day 45 pi, CD8 T cells stimulated by 3.4 C57BL/6 spleen CD4" T cells
High and Low fractions had significant levels of

IL-12 (Phigh =0.046, P ow =0.036; Fig. 2A), IFN- CD4" T cells isolated from spleen of healthy
Y (PHigh=0.047, Poy=0.024; Fig. 2C) and IL- C57BL/6 mice presented a considerable increase of
10 mRNA (Phigh=0.041, Pow =0.047; Fig. 2E). IFN-y expression #=0.049) when stimulated with

Fraction Inter induced a significant increase of fraction Inter Eig. 1A). However, significant production
IFN-y (P=0.036; Fig. 2C) and IL-10 ¢=0.047, of IFN-y (P=0.037) and IL-10R = 0.040) was detected
Fig. 2E). Besides the general increase in mRNA in cells stimulated with fractions High and Inter,
cytokine expressions, only cells stimulated with frac- respectively Fig. 1B).

tion Inter released significant levels of IL-12 £ 0.020; Spleen CD4 T cells of C57BL/6 mice with 30 days
Fig. 2B). of infection evidenced low levels of cytokine expression
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Fig. 3. Expression and production of IL-12 (A and B), IRNE and D), IL-4 (E and F) and IL-10 (G and H) by Cband CD8 T cells of C57BL/6

mice infected withL. infantum. At days 30 (D30 pi) and 45 (D45 pi) post-infection spleen CaAd CD§ T cells were cultured in the presence of
protein fractions (High, Inter and Low) or without exogenous stimulation (WS). Cytokine expression and production were determined by real-time
PCR (data are expressed in number of mRNA copies per 1000 copies of HPRT mRNA) and ELISA (data are expressed)nrpgpattively.

Values represent mean of three independent experimights0.05 stimulated vs. non-stimulated cells.

in the presence of protein fractions. However, High 3.5. C57BL/6 spleen CD8" T cells

fraction significantly increased IFN-mRNA levels

(P=0.032;Fig. 3C) and Low fraction induced higher CD8" T cells from healthy C57BL/6 mice pre-

IL-10 expression #=0.047;Fig. 3E). On other hand,  Sented a pronounced increase of IfyNexpression

high amounts of IL-12 had been measured in cells (P =0.049) when stimulated with Inter and Low fractions

stimulated by the Low fraction?(= 0.049,Fig. 3) and  (Fig. 1C) without correspondent augment in its produc-

of IFN-v in cells induced by the three protein fractions tion (Fig. 1C).

(P=0.028;Fig. 3D). In C57BL/6 infected mice, IL-12 expression
On day 45 pi, cells maintained base-line levels of Presented a significant increase in CD&sells

cytokine expression, but protein fractions induced cells Stimulated with High and Low protein fractions,

to produce significant amounts of IFN{P=0.038; ~ on days 30 £=0.038) and 45 pi £=0.016;
Fig. 3D) and IL-10 (P = 0.04;Fig. 3F). Fig. 3A), whereas stimulated cells released significant
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amounts of this cytokineRzo pi=0.048, P45 pi= 0.046;
Fig. 3B).

On day 30 pi, CD8 T cells stimulated with the
three protein fractions had a significant number of HrN-
MRNA copies P =0.048;Fig. 3C) accompanied by the

315

production Heinzel etal., 1993; Sypek etal., 199Bur-
thermore, the presence of IFINmight reinforce the up-
regulation of IL-12 expression and productidra(nois

et al., 1997. These results point to the synergetic mod-
ulation of T cells by the two protein fractions towards a

production of reduced amounts of the respective protein protective response. Low fraction also modulates CD8

(Fig. 3D). However, on day 45 pi, the expression and pro-
duction diminished to values similar to those observed
in non-stimulated cells.

A significant increase in IL-10 expression was
observed in cells stimulated by High fraction on day
30 pi (P=0.028) and by Low fraction on both days of
observation P30 i =0.032 andP4s5i=0.012,Fig. 3E),
although followed by the release of small amounts of
IL-10 (Fig. 3F).

4. Discussion

The outcome of visceral leishmaniasis is mainly
dependent of differential stimulation of T cell subsets

and influenced by the cytokines that are being produced.

On the other hand, products released Iyshmania

can be recognised by lymphocytes, functioning as anti-

genic elements, and intervening in cell activation and
differentiation. Moreover, protein fractions released by
L. infantum exert opposite effects on the specific acti-

T cellstowards a Tcl response at both mRNA and protein
levels.

In a similar way, CD4 T cells of C57BL/6 mice
with 1 month of infection also mounted a Th1l response,
releasing IFNy when induced by protein fractions.
Simultaneously, these protein fractions directed CD8
T cells to produce appreciable quantities of IL-12 evi-
dencing a synergetic regulation of T cells. Moreover,
this study confirms that fraction Low is a potent IL-12
inducer, as previously observed in total spleen lympho-
cytes Rosaetal., 2005through the immunomodulation
of both T cell subsets.

Taken together these results suggest that at the begin-
ning of infection, when both mice strains presented iden-
tical parasite loads, CD4T cells were able, upon the
appropriate stimulation, to exhibit a protective immune
response. In C57BI/6 mice, High fraction seems to
induce non-specific regulation of CD4T cells, as
healthy mice showed a significant increase in HN-
despite the differences in magnitude of the amounts

vation of spleen leukocytes depending on host genetic released by healthy and infected animals.

characteristics and on the magnitude of parasite burden

(Rosaetal., 2005In this study, the effect of protein frac-
tions released by. infantum on the activation of CD%
and CD§ T cells from two mice strains with different
genetic backgrounds was further analysed.

L. infantum released fractions induced a non-specific
cellular immune stimulation in healthy mice. High and
Low fractions modulated CD8T cells of healthy
BALB/c mice to exhibit a Tc2 response, with augmented
expression and production of IL-10. Healthy C57BL/6
mice developed a Thl in presence of High fraction

whereas Inter fraction induced a Th2 immune response.

Parasitism followed different patterns of evolution in
the spleen of BALB/c and C57BL/6 mice strain. While
infection progressed in BALB/c mice, C57BL/6 animals

maintained reduced parasite replication levels evidenc-

ing different abilities in controllind.. infantum infection.
During parasite establishment, High and Inter fractions
directed BALB/c CD4 and CD8 T cells towards a

Th1/Tcl response, evidenced by the increments of IFN-

v MRNA and its respective protein. Additionally, CD4
T cells also showed high levels of IL-12 mRNA associ-

ated to the release of important amounts of this cytokine.

This Thl-promoting cytokine plays an important role
in the induction of IFNy and in the inhibition of IL-4

Forty-five days after infection, spleen parasite load
increased in BALB/c mice and protein fractions exhib-
ited different effects on the T cell subsets. Low fraction
induced CD4 T cells to augment IL-12 mRNA levels
whereas Inter fraction induced CDA cells to main-
tain Thl response and regulated simultaneously both T
cells subsets to increase specific IL-12 production. Fur-
thermore, stimulated CD8T cells presented a general
increase of cytokine mRNAs and exhibited a specific
suppression of its products, especially of IFNEven so,
fraction Inter was the only protein fraction that overcame
this situation inducing cells to release small amounts of
IL-12.

On the contrary, parasite progression in C57BL/6
mice was restricted and the three protein fractions
induced similar cell responses. Protein fractions drove
CD4* T cells towards a mixed Th1/Th2 response, with
production of IFNy and IL-10, whereas CD8T cells
maintained IL-12 production. The specific production
of IL-10 by spleen leukocytes stimulated by infan-
tum released protein fractions that was demonstrated in
a previous studyRosa et al., 2005seemed to be a con-
sequence of CD4T cell activation.

Therefore, the results obtained in this study suggest
that during infection establishmetht,infantum released
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protein fractions can modulate T cells towards a specific on the addition of IL-12 to vaccine candidatéddgnso
Th1 response with simultaneous production of IL-12 in et al., 1994; Yamakami et al., 200However, further
animals with different genetic backgrounds. Later on, studies are needed to better characterise the eventual pro-
when infection was established, fractions redirected the phylactic potential of.. infantum released Inter and Low
cytokine production by CD4T cells towards a mixed  protein fractions.
Th1/Th2 response in C57BL/6 mice strain, although
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