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Trypanosoma cruzi induces strong IL-12 and IL-18 gene expression in vivo:
correlation with interferon-gamma (IFN-vy) production
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SUMMARY

IFN-v, produced after infection witifrypanosoma cruzihas been shown to be crucial in the
determination of resistance or susceptibility. We have performed a detailed study on the expression
of IFN-y and of the IFNy-inducing cytokines IL-12 and IFN-inducing factor (IGIF)/IL-18 with

regard to time course and tissue localization. H-Mas present in high amounts in the serum and in the
supernatants of unseparated spleen cells and isolated @@d CD8 T cells from the spleens of
infected mice which were stimulatek vivowith T. cruzi Using thein situ hybridization technique we
demonstrate that IL-12 p40 messages were expressed in the spleen and increased during infection,
correlating with the expression of IFj+transcripts. Furthermore, we show for the first time that the
mRNA for the cytokine IL-18 was induced by a parasitic infection and that this expression increased
during infection withT. cruzi Interestingly, the message for IL-18 was produced earlier during infection
and already had declined until day 38, when IfMdnd IL-12 p40 transcripts were optimally expressed.
Surprisingly, the changes in IL-12 and IL-18 mRNA production were clearly seen only Isjtu
hybridization, but less clearly by quantitative reverse-transcriptase polymerase chain reaction (RT-
PCR). This is possibly due to the extensive activation and proliferation of spleen cells observed during
infection leading to a dilution of these specific mMRNAs.
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INTRODUCTION involves the induction of nitric oxide (NO) synthase activity to
produce NO, responsible for the microbicidal effect of macro-
O?hages fofT. cruzi[12,13].

IFN-y is produced by activated T cells and natural killer (NK)
s in the acute phase of infection [14]. A cytokine stimulating

he production of IFNy from T cells and NK cells is IL-12, a 70-

D (p70) heterodimeric cytokine, composed of covalently linked
35-kD (p35) and 40-kD (p40) subunits. IL-12 strongly enhances
the development and growth of Th1 cells, resulting in a protective
immunity in mice infected with a variety of microorganisms
f15,16]. Recently, it has been shown by Alibeeti al. [17] and
by ourselves [18] that live trypanosomes induce high production of
IL-12 p40 and biologically active IL-12 in spleen cells and bone
marrow-derived macrophag#s vitro. Furthermore, I1L-12 seems
to be responsible for the early IFiproduction and for control of
the parasite proliferatiom vivo [17]. The protective effect of IL-

12 in the regulation of parasitaemia depends on 4Faid tumour
necrosis factor-alpha (TNE&) [19].

Recently, a novel cytokine, called IFinducing factor
Correspondence: Professor Dr Bemnhard Fleischer, Bernhard Noch{!GIF), was purified from the livers of mice treated wigtropio-
Institute for Tropical Medicine, Bernhard Nocht-Str. 74, D-20359 Ham- hibacterium acneand subsequently challenged with lipopolysac-
burg, Germany. charide (LPS) [20]. IGIF is readily detected in Kupffer cells and

The protozoan homoflagellal#ypanosoma cruis the aetiologic
agent of Chagas’ disease in man and also infects a variety
mammalian species. Using various mouse strains, geneticallg I
susceptible or resistant to acufe cruzi infection, it has been N
shown that T cell-mediated effector functions are essential for th
control of the parasite load and host survival. Both C[ja-4]
and CD8 [4-6] T cells contribute to the resistance agaiffist
cruzi. One important mechanism by which T cells mediate the
defence is through the secretion of lymphokines. Endogenou
IFN-y seems to play a central role in the control of infection [7,8].
Passive administration of IFN-results in an increased clearance
of the parasite and a reduced mortality of infected mice [9], while
anti-IFN-y MoAbs augment the susceptibility to acufe cruzi
infection [10]. Furthermore, BALB.Xid mice that produce higher
levels of IFN+ than susceptible normal BALB/c mice are rela-
tively resistant to infection [11]. The protective effect of IFN-
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activated macrophages. This cytokine possesses the capacity i&plation and activation of CD#and CD8" T cells from the spleen
induce IFN+ production by spleen cells similarly to the structu- CD4" and CD8 T cells were isolated from spleen cells by
rally unrelated cytokine IL-12, but the mechanism by which IGIF magnetic cell separation according to the manufacturer's recom-
induces IFNy seems to be different from that of IL-12. In mendation (Dynal, Hamburg, Germany). Cells were positive
addition, IGIF may be also involved in the development of Thl selected using rat MoAb GK1.5 (anti-CD4) [24] or 53.6.72 (anti-
cells and in the activation of NK cells [21]. Now, IGIF is called CD8) [25] and goat anti-rat IgG-labelled magnetic beads. €D4

IL-18. and CD8& T cells (15) were stimulated with 4 1C° irradiated
Here we have performed a detailed study of the kinetics of(20 Gy) syngeneic spleen cells as antigen-presenting cells (APC)
expression and the tissue distribution of IRNand the IFNy- and 8x10° trypomastigotes in complete IMDM and were incu-

inducing cytokines IL-12 and IL-18 in mice after infection with bated in a total volume of 2ml complete IMDM for 48 h. For

cruzi. We demonstrate by situ hybridization that after infection control, T cells were stimulated with spleen cells in the absence of

the messages for both IL-12 and IL-18 were induced and stronglyrypanosomes.

increased during infection. Interestingly, the kinetic expression

was somewhat different. Whereas IL-18 mRNA was alreadylsolation and infection of macrophages

clearly visible at day 6 post-infection, IFM-and IL-12 p40  Bone marrow-derived macrophages were generated and infected

mRNAs were detectable at lower intensity and in less cells awith trypanosomes and/or stimulated with recombinant rat 4FN-

this time. The expression of IFN-and IL-12 p40 increased (Life Technologies, Eggenstein, Germany) as previously described

steadily during infection, with maximal expression on days 26—[18,26]. After 24 h macrophages were analysed for IL-12 p40 and

38, whereas the expression of IL-18 transcripts had alreadylL-18 mRNA production.

declined at day 38. By quantifying the mRNA for these cytokines

using the competitive reverse-transcriptase polymerase chain rea=N-y assay

tion (RT-PCR) technique, this up-regulation of IL-12 p40 and IL- IFN-y was detected by a two-site sandwich ELISA [27] using

18 transcripts was not clearly seen. This might be due to the stronlyloAb R4-6A2 and biotinylated AN18.17.24. A reference standard

proliferation and activation of spleen cells that leads to an increaseurve with murine rIFNy was included.

in the total MRNA content, resulting in a strong dilution of the

specific mMRNAs tested. RNA isolation and cDNA synthesis

A single-cell suspension of spleen cells was treated with Tri-

MATERIALS AND METHODS Reagent (Molecular Res_earch Centre, ClnC|r]nat|, OH) and t_otal
RNA was prepared following the manufacturer’s recommendation.

Mice and parasites Of the total RNA, 1ug was reverse transcribed as described [18].

BALB/c mice, originally obtained from Charles River (Sulzfeld,

Germany), were bred in our animal facilities. They were infected atRT-PCR analysis

8 weeks of age. Two different strains Bf cruzi the Tehuantepec cDNA (4 ul; diluted 1:5) was used for PCR amplification in a;25

strain [22] and the Tulahuestrain, were used. For simplicity and reaction, as described [18]. The primer pairs used for amplification

because similar results were obtained with both strains, only dataere for T. cruzi 5-GACGGCAAGAACGCCAAGGAC-3 and

for the Tehuantepec strain are presented. Trypomastigotes of tH&-TCACGCGCTCTCCGGCACGTTGTC3they amplify a 580-

Tehuantepec strain were maintained in tissue culture by infectiotop fragment. cDNA was also amplified f@factin to control for the

of 86HG39 glioblastoma cells [23]. Parasites leaving their hostamount of input cDNA. Primers were’-ETCTTTGATGTCACG-

cells 10days later were collected within the supernatant byCACGATTTC-3 and 3-GTGGGCCGCTCTAGGCACCAA-3

centrifugation at 10Q to separate from cell debris and then The product was a 535-bp fragment.

centrifugation of the supernatant at 5)0The Tulahua strain

was maintained and propagated in BALB/c mice. Purification ofQuantitative RT-PCR using a multicompetitor molecule

the parasites from the peripheral blood was performed via a FicollThe levels of3-actin, IFN+, IL-12 p40, and IL-18 transcripts were

density gradient. Mice were infected by i.p. injection of*10 determined by competitive PCR using a self-constructed (unpub-

parasites in a volume of®ml PBS. lished data) multispecific control vector. After adjusting the cDNA
samples to equal concentrations @fctin, 3ul of the diluted
Spleen cell culture cDNA and specific primers were mixed withuBof serial dilutions

A single-cell suspension of spleen cells, treated with Gey’s solu{two-to-five fold) of the competitor DNA and used for a PCR
tion for 1 min to lyse erythrocytes, was washed carefully and therreaction, as described [18]. During the PCR reaction the control
resuspended in Iscove’s modified Dulbecco’s medium (IMDM), DNA and the cDNA compete for specific primers and are co-
supplemented with §107°m 2-mercaptoethanol (2-ME), 5@/ amplified, resulting in fragments that differ by about 90—100 bp in
ml gentamycin, 2m L-glutamine, and 5% heat-inactivated fetal size. The PCR products derived from the control vector and the
calf serum (FCS; complete IMDM). Cells &10°/ml) were seeded cDNA were resolved on a-3% agarose gel. By comparing their
in 24-well plates (Greiner, Ntingen, Germany). Live trypomas- relative ethidium bromide staining intensities the relative amount
tigotes in a volume of 1 ml and in a cell:parasite ratio of 1:2 wereof the respective cytokine cDNA in a given sample was deter-
added. As a negative control, cells were incubated with mediunmined. The sequences of the primers used werg3factin: 5-
alone. On day 2 of culture, supernatants of the spleen cells werATGGATGACGATATCGCT-3 and 3-ATGAGGTAGTCTGT-
taken and assessed for IFNeontent. All cultures were set up in  CAGGT-3; for IFN-y: 5-AACGCTACACACTGCATCT-3 and
triplicates. The standard error wad0%. Results are representa- 5-AGCTCATTGAATGCTTGG-3; for IL-12 p40: 3-ATGGC-

tive of three experiments, each consisting of three animals, whiclCATGTGGGAGCTGGAG-3and 5-TTTGGTGCTTCACACTT-
were independently tested and gave similar results. CAGG-3; for IGIF: 5-ACTGTACAACCGCAGTAATACGG-3
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and 5-AGTGAACATTACAGATTTATCCC-3. The reaction was RESULTS
performed at the following temperatures: 3 mirf@530s 95C,
30s 68C/63C/58C (each five cycles), 90s T2, 30s 95C, 30s
55°C (12 cycles forB-actin, 20 cycles for IFNy, 25 cycles for
IGIF, and 30 cycles for IL-12 p40), and 90 s°®@2

Expression ofl. cruzispecific mMRNA in the spleen after infection
of mice
Two strains ofT. cruziwere used to analyse expression of IN-
and the IFNy-inducing cytokines IL-12 and IGIF in mice. While
mice infected with the strain Tulahoelied 17-21 days after i.p.
Preparation of*®S-labelled RNA probes arid situ hybridization infection, mice inoculated with the strain Tehuantepec survived.
The IFN+ and the IL-12 p40 probes have been described [28,29]Live trypomastigotes of both strains appeared in the lymphatic
IGIF- [21] and T. cruzi [30] specific probes were cloned in the organs like the spleen and mesenterial lymph nodes already 3 days
Bluescript KS vector (Stratagene, Heidelberg, Germany). Subclonafter infection. Because we were interested to follow up the
ing of specific DNA fragments in plasmids with SP6 or T3/T7 immune response induced By cruzifor a longer period of time
initiation sites (Boehringer, Mannheim, Germany) was done byand because we observed similar cytokine production in the early
standard protocoldn vitro transcription of sense and antisense period after infection with both strains, only the data obtained with
probes was performed as described [28,29]. the strain Tehuantepec are presented here. It is noteworthy that
In situ hybridization using®®S-labelledin vitro transcribed  spleens of infected mice showed a marked enlargement, which was
cRNA probes on cryostat section was performed as describedue to an intense proliferation of all major cellular subpopulations,
previously [28,29]. After 15days af@ sections were developed most notably CD# and CD8 T cells, B cells, and to a lesser
in Kodak D-19 developer and counterstained with haemalaun. Aslegree macrophages. The cells appeared as big blasts. The total
negative controls, sections for each time point were hybridizechumber of spleen cells increased about five times (data not shown).
with 33S-labelled sense-strand probes of each cytokine. For sim- As shown by RT-PCR using @. cruzispecific primer pair
plicity only the autoradiogram for the IL-12 p40 sense probe of one(Fig. 1a), trypanosoma-specific mMRNA was detectable from day 3
time point is shown. on in the spleen. Specific MRNA expression peaked on day 26 and

{a}

Day 0 Day 3 Day 6 Day 13 Day 26 Day 38

T. cruzi 580 bp
p-actin 535 bp

(b) Day 6 Day 26 Day 38
T. cruzi

Fig. 1. Expression off rypanosoma cruznRNA in the spleens of infected mice. (a) At different time points after infection Wittruzi RNA

from the spleens was prepared and reverse transcribed. From each sample cDNA was subjected to reverse-transcriptase polymerase chain
reaction (RT-PCR) for detection @t cruzimRNA andB-actin mRNA for control. (b) Sections of spleens obtained at different time points

were hybridized with #°S-labelled antisense RNA probe fbrcruzi Results are representative of two experiments using five mice in each
experiment.
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declined thereafter. Similar results were obtained using the method 15 —
of in situ hybridization. For simplicity, only a few time points are
presented (Fig. 1b). On day 6, infected cells were detectable in the
spleen. However, the intensity of the hybridization signals was
low. During infection till day 26, however, there was a strong
increase of the hybridization signal, although the number of =
infected cells did not rise. The trypanosomes were distributed?g
over the whole spleen. No specific enrichment to any particular<
microenvironment was obvious. Interestingly, on day 38 fewerE'
cells were positive foll. cruzimRNA. Thus, it seems thatthe mice = 5 |—
were able to eliminate most of the trypanosomes in the tissue.
The decline in trypanosomes in the tissue correlated with the
enhancement of the expression of mMRNA for the enzyme-inducible
NO synthase (iINOS), responsible for the generation of NO (data 0
not shown). NO has microbicidal function for trypanosomes 0 6 13 26 38
[12,13].

@

10 —

Days after infection

Trypanosoma cruZs a potent inducer of IFN¢ productionin vivo
IFN-y is known to play a central role in the control of infection 1250 = ()
with T. cruzi[7-10]. In accordance with previous reports using
other T. cruzi strains, we found using the Tehuantepec and
Tulahue strains that IFNy is the predominant cytokine produced
after infection of BALB/c mice. IFNy was even detectable in the

1000

sera of mice infected witfi. cruzifrom day 6 on, peaked on day E 750
13 of infection and declined thereafter (Fig. 2a). Neither IL-4 nor Eﬁ
IL-10 were detected at any time in the serum (data not shown).>
Furthermore, IFNy was also produced by spleen cells from Z 500

infected mice (Fig. 2b). Afteex vivostimulation with trypano-
somes, spleen cells of infected mice were induced to produce
IFN-y, with peak production at 13days post-infection. In the
absence of trypanosomes at all time points H-Nwas not
produced. 0

250

0 6 13 26 38

Days after infection

Trypanosoma cruzinduces IFNy production in CD4 and CD8"
T cells isolated from the spleens of infected mice
To investigate which T cell subpopulation was capable of produ-ig. 2. IFN-y production inTrypanosoma cruzinfected mice. (a) Serum of
cing IFN-y, spleen cells from infected mice were separated intomice infected withT. cruziwas taken at different time points after infection
CD4" and CD8 T cells and stimulateéx vivowith live trypano- and assessed for IFiNeontent by a two-sided sandwich ELISA. (b) Spleen
somes in the presence of syngeneic spleen cells as APC. Bofi#!ls (4% 10°) of infected and non-infected mice were cultivated in medium
CD4* T cells and CD8 T cells (Table 1), stimulated with alone or wereex vivostimulated with liveT. cruzi After 48 h, supernatants
trypanosomes, contributed to the high IFNsroduction seen in were assessed for IFj-content by a specific ELISA. Results are repre-
ted ’ | Is. Int tingly. DR cell d d sentative of three experiments, each consisting of three animals, which
unseparated spleen cells. Interestingly, cells produce were independently tested.
higher amounts of IFN+than CD8 T cells. Also here, maximal

IFN-y production was seen when T cells were isolated from the . . .
spleens of mice infected for 13days. Also, CmBD8 cells  ©f IFN-y signals, mRNA expression of IL-12 p40 in the spleen

strongly secreted IFN-after stimulation withT. cruzi (data not increased steadily during infection, with maximal expression on
shown) days 26-38. In contrast to IFiN-expression, however, both the

intensity of the signals and the number of IL-12 p40 mRNA-
Detection of IL-12 p40- and IL-18-producing cells in the spleens ofexpressing cells increased. Clearly, more cells expressing IL-18
infected mice MRNA were already seen in the early stage of infection (day 6). On
Because of the large amounts of IRN3roduced during infection  day 26 the number of positive cells and the strength of the signal
with T. cruzi we investigated whether infection of mice with were very high. Both the intensity of the signal and the number of
cruziresults in the induction of the expressiorvivoof IL-12 and  cells expressing IL-18 mRNA declined when the infection pro-
IL-18, which are both potent inducers of IFN-production ceeded, in contrast to the high abundance of cells expressing either
[15,16,21]. To localize individual cells producing the cytokines IL-12 p40 or IFN<y mRNAs until day 38 post-infection. Thus, it
IFN-y, IL-12 and IL-18 in the spleen, we performéd situ is remarkable that IL-18 and IL-12 p40 mRNAs showed some-
hybridization experiments. As shown in Fig. 3, hybridization what distinct kinetics. 1L-18 mRNA increased earlier during
signals were absent in the spleens of uninfected mice. On day #fection than IL-12 p40 mRNA. Most of the cells producing
after infection only very few cells in the spleen showed positive IFN-y, IL-12 p40, and IL-18 mRNAs were found in the white
IFN-y-specific hybridization signals. Interestingly, the number of pulp, especially in the periarterial lymphatic sheath (PALS), while
infected cells did not increase during infection, but the intensity ofonly a small percentage of cells was detectable in the red pulp.
the signals drastically increased. In parallel to the enhancemerells with positive hybridization signals for IFM-IL-12 p40 and

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$10:378—-385
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Table 1. Production of IFNy by CD4" and CD8 T cells from infected mice afteex vivo
stimulation

IFN-y (ng/ml) in the supernatants of

CD4" T cells + spleen cells CD8 T cells + spleen cells

Time after infection Withoufl. cruzi  With T. cruzi  WithoutT. cruzi ~ With T. cruzi

Day 0 0 0 0 0
Day 6 0 135 0 0

Day 13 0 2% 0 59
Day 26 0 35 0 31
Day 38 0 24 0 49

Mice were infected witlTrypanosoma cru#il0* trypomastigotes) for different times or injected
with PBS for control (day 0). Splenic CD4or CD8" T cells were isolated by magnetic cell
separation and stimulated @l@ell) ex vivowith irradiated (20 Gy) syngeneic spleen cells<@ o/
well) in the presence or absenceTofcruzi(8 x 10°/well) as antigen in a total volume of 2 ml. After
48 h supernatants were taken and assessed foryIFN-

IFN-+

IL-12 p40

IGIF

Fig. 3. Kinetics and distribution of rypanosoma cruainduced IFNy, IL-12 p40, and IL-18 mRNAs in the spleen. Serial sections of spleens,
taken at different time points after infection, were hybridized wi&-labelled cRNA probes for IFN; IL-12 p40, and IL-18 (IGIF) and
evaluated by autoradiography. Results are representative of two experiments.
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Fig. 4. Quantification of IFNy, IL-12 p40, and IL-18 mRNAs. Mice were infected williypanosoma cruzi10®) for different time points.

Spleens were harvested at time O (control animals) and 3, 6, 13, 26 and 38 days post-infection and frozen in Tri-Reagent. mMRNA preparations
were reverse transcribed and after adjusting for equal amounts of cDN8A&ctin the messages for IFN-IL-12 p40 and IL-18 (IGIF) were

amplified by quantitative reverse-transcriptase polymerase chain reaction (RT-PCR) in the presence of a polycompetitor molecule. Primers
for IFN-y amplify a 569-bp fragment of the cDNA and a 483-bp fragment of the competitor, primers for IL-12 p40 amplify a 335-bp fragment

of the cDNA and a 434-bp fragment of the competitor, primers for IGIF amplify a 434-bp fragment of the cDNA and a 333-bp fragment of the
competitor. For quantification of IFN-the control vector was serially five-fold diluted, starting at a dilution of 1:3125 (days 0, 3 and 6) or
1:125 (days 13, 26 and 38). For quantification of IL-12 p40 the control vector was serially two-fold diluted, starting at a dilution of 1:200 000.
For quantification of IL-18 serial two-fold dilutions were performed, starting at a dilution of 1:6250. All PCR results shown were
independently repeated two-to-three times to confirm results.
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Table 2. Expression of IL-18-specific mRNA in
macrophages after infection wiffrypanosoma cruzi

(data not shown), and NK cells were also described to produce
IFN-y afterin vitro stimulation with trypanosomes [14].

Itis well established that IL-12 not only enhances the cytolytic
activity and proliferation of T cells but also induces IRN-

Relati RNA tentt of . . . s
clatve m content o synthesis [15,16]. Consistent with these findings, we and others

Stimulation of

macrophages* ) ) .

with IL-12 p40 IL-18 have recently shown that IL-12 p40 mRNA and biologically active
IL-12 are produced by spleen cells and macrophages infeéoted

_ 0066 64 vitro with trypanosomes [17,18]. Moreover, we demonstrate here

T. cruzi 8192 128 that infection withT. cruzialso triggers IL-12 mRNA synthesis

T. cruzi+ IFN-y 8192 256 vivo. As shown byin situ hybridization, a sensitive assay for

cytokine production in individual cells, the number of cells
expressing IL-12 messages and the strength of the signal increased
during infection.In situ hybridization shows the producing cells at
a particular moment. It is noteworthy that the IL-12 signal is
extremely strong, nearly equivalent to the amount of IL-12
produced after polyclonah vivo stimulation with the superantigen
Staphylococcal enterotoxin B [29]. In parallel experiments, we
could detect only very weak signals for IL-12 in B6 mice infected
with Leishmania majofunpublished observations), although these
mice mount an IL-12-dependent Th1 response to this parasite. The
importance of our finding is underlined by the recent reportithat
. . ) ) vivo neutralization of IL-12 by antibodies results in a significantly
IL-18 represented single cells and did not build clusters in thencreased parasitaemia and mortality of infected mice [17]. The
spleen. ) __ important role of IL-12 in controlling parasitaemia h cruzk
To quantify IFN+, IL-12 p40, and IL-18 mRNA production in infected mice was further confirmed by Huntr al. [19], who
the spleens of infected mice we performed quantitative RT-PCRyemonsirated that mice treated with IL-12 during infection with
studies using a multicompetitor molecule. As shown in Fig. 4, theyynanosomes have a reduced parasitaemia. Furthermore, a sig-
message for IFNrincreased 25 times to day 13 after infection, and nificantly enhanced survival time compared with infected but
was further enhanced five times to day 38. Surprisingly, a clear Upgntreated controls was observed.
regulation after infection _of the messages for IL-12 p40 and IL-18 Recently the IFNy-inducing factor IGIF/IL-18 was identified
was not detectable by this technique. and cloned [20], that similarly to IL-12 stimulates T cell prolifera-
B ) ) S ) ] tion, augments the lytic activity of cells and, most importantly in
IL-18-specific transcripts are induceid vitro after infection of  his context, costimulates IFN-production in splenic T cells and
macrophages witfT. cruzi in cloned Thi cells in the presence of anti-CD3 MoAb. Interest-
Since macrophages are the major host cells during infectionfwith ingly, the action of IL-18 is independent of the presence of IL-12,
cruzi, we extended the vivo studies and infected bone marrow- 55 ‘spown by IL-12-specific antibodies. Moreover, anti-IGIF
derived macrophages with cruzi in vitroand performed quanti-  \joAbs do not inhibit IFNy induction by IL-12, confirming that
tative RT-PCR studies. As shown in Table 2, uninfected macroyyege cytokines act independently of each other [24livo, IL-18
phages already expressed IL-18 messages. InfectionTwithuzi was detected in the sera of mice treated wRh acnesand
only slightly enhanced IL-18 mRNA expression. In the presence ofpajienged with LPS. Here we have demonstrated for the first
IFN-y trypanosomes enhanced IL-18 transcription in the macroyime the production of IL-18 in a parasitic infection. Not only did a
phages about four times. This up-regulation was much lower tha'ﬁ)ure macrophage population infectiedvitro with trypanosomes
the up-regulation of _IL-12 p4Q tra}nscripts. Furthermore, IL-12 p4oexpress IL-18 transcripts in the presence of KiNbut alsain vivo
mRNA was already induced in high amounts by the trypanosomege were able to detect IL-18 mRNA in the spleens of mice infected
alone in the absence of IFi-as shown previously [18]. with T. cruzi usingin situ hybridization techniques. Early after
infection, IL-18 mRNA-positive cells were present in the spleen.
DISCUSSION Not only the numbe_r pf c_ells produt_:ing IGIF mRNA but also the
strength of the hybridization signal increased. Both IL-12 and IL-
IFN-y plays a critical role in resistance to infection with cruzi 18 mRNA were localized in the T cell areas. It was unexpected that
[7—10]. Here, we have investigated the distribution and kinetics ofthe enhancement of IL-12 and IL-18 mRNA expression detected
the gene expression of IFi-and of two cytokines that stimulate by in situ hybridization was not clearly seen in quantitative RT-
its production. When both the Tehuantepec strain (data presentdRICR studies. A possible explanation is the extremely strong activa-
here) and the Tulahuestrain (data not shown) dof. cruziwere  tionand proliferation of all cellular subpopulations observed. Due to
used, the predominant cytokine induced by the parasitesfowas  ahigh cellular metabolism the total amount of the mRNA increased,
IFN-y. The message for IFN-increased about 125 times from day resulting in a strong dilution of the IL-12 p40 and IL-18 transcripts.
0 to day 38 after infection. Also, in a kinetic analysis we could Thus, for detection of inducible mMRNAs by infectious agents which
demonstrate that maximal levels of IFNwere obtained in the cause a strong cellular activation it is not sufficient to perform only
serum and spleen between 13 and 26 days after infection. BotRT-PCR studies. A combination of quantitative RT-PCR iargitu
CD4" and, to a lesser degree, CDg cells contributed to this hybridization studies might be useful and necessary.
strong production, as shown bgx vivo stimulation assays. Because of its potential to induce IFNproduction, it is most
Furthermore, CD4CD8" cells secreted high amounts of IFN- likely that IL-18 contributes to the strong IFiNexpression of mice

*Aliquots of bone marrow-derived macrophages
were infected for 24 h witlT. cruziat a parasite:cell
ratio of 10:1, were infected with trypanosomes in the
presence of IFNy (10 U/ml), or were left untreated.

tTotal RNA was isolated from the macrophages
and reverse transcribed. cDNA from each sample was
subjected to quantitative reverse-transcriptase poly-
merase chain reaction (RT-PCR) for detection of IL-
12 p40 and IL-18 mRNA. Values represent the ratio
of target gengd-actin gene expression {079).
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seen afterT. cruziinfection. Although it would be necessary to activity of interferony-treated macrophages agaifsgpanosoma cruzi
perform neutralization studies, inhibiting IL-18 vivo, to confirm involves an-arginine-dependent, nitrogen oxide-mediated mechanism
this hypothesis, a comparison of the kinetics of appearance of IL- inhibitable by interleukin-10 and transforming growth facgreur J

18 and IL-12 p40 messages in the tissue shows that IGIF transcripts Immunol 1992222501 6. )

appeared somewhat earlier during infection, while transcription o MunOZ'Feman?ez MA, ij”a”f'ez MA, Fresno M. Synerg'sm between
IL-12 on the other hand proceeded for a Ionger time period. tumor necrosis factosand interferony on macrophage activation for

. the killing of intracellularTrypanosoma cruzhrough a nitric oxide-
Therefore, one could speculate that expression of the IL-18 gene depende%\t mechanism. Eu{% Immunol 19%30197_

is of particular importance for induction of IFNproduction early 14 cardillo F, Voltarelli JC, Reed SG, Silva JS. RegulatiorTofpano-
after infection, while later on IL-12 is responsible for supporting  soma cruzinfection in mice byy interferon and interleukin 10: role of
and maintaining IFNy production. NK cells. Infect Immun 199664:128—34.
In their response to many microbes, macrophages produce ILt5 Trinchieri G. Interleukin-12: a cytokine produced by antigen-presenting
12 which stimulates the development of the T cell subset, whose cells with immunoregulatory functions in the generation of T-helper
function is to enhance the microbicidal activity of the macro-  cells type 1 and cytotoxic lymphocytes. Blood 1984;4008-27.
phages. In many intracellular infections, e.g. listeriosis [31] and® ivrxzf r?eF;‘ ig%‘;rtr‘stz;nsé’gﬁskféggelr;”kég 12: a key modulator of
. L . . I u unction. : —68.
tpcl):;?g:scn;ﬁ?;l [r?c))il, iInLels%albsliIs?l?:g?gwedaerger(?clijgr?tgrtl-}nsfiigr?geaansd 17 Aliberti JC, C_ardoso MA, Martins GA, Gazzinelli RT, Vieira LQ, Silva
. . JS. Interleukin-12 mediates resistanceTrypanosoma cruzin mice
well as polarized Th1l response profiles. Our data suggest that IL-

) " and is produced by murine macrophages in response to live
18 may also turn out to be an important regulator protein for  nomastigotes. Infect Immun 19964:1961—7.

induction of an appropriate type of immune defence againstg Frosch S, Kraus S, Fleischer Bypanosoma cruzs a potent inducer
intracellular parasites. of interleukin-12 production in macrophages. Med Microbiol Immunol
1996;185189-93.
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