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SUMMARY

We examined the role of IL-12 in host resistanc&ryptococcus neoformansing a murine model of
pulmonary and disseminated infection. In this model, mice were infected intratracheally with viable
yeast cells. Mice untreated with IL-12 allowed an uncontrolled multiplication of yeast cells in the lung
with infiltrations of few inflammatory cells, and a cryptococcal dissemination to the brain and
meningitis by 3 weeks, resulting in death of all animals within 4-6 weeks. IL-12, when administered
from the day of tracheal infection for 7 days, induced a marked infiltration of inflammatory cells,
consisting mostly of mononuclear cells, and significantly reduced the number of viable yeast cells in the
lung. The treatment suppressed brain dissemination, as shown by a marked reduction of yeast cells in the
brain and prevention of meningitis. These effects resulted in a significant increase in the survival rate of
infected mice. In contrast, late administration of IL-12 commencing on day 7 after instillation of yeast
cells failed to protect the mice against infection with neoformansin further experiments, early
administration of IL-12 markedly induced interferon-gamma (IFNMRNA in the lungs of infected

mice, while no IFNs mRNA was detected without this treatment. Our results indicate that IL-12 is
effective when administered in the early period of pulmonary cryptococcal infection.
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INTRODUCTION mice against cryptococcal infection. Recently, Clematsal.
Most IL-12 is produced by macrophages in response to infectioug?monSITatEd that_ treat_ment Wlth. IL-12 reduc_:ed the_ numbe_r of
. . . viable microorganisms in the brain, but was ineffective against
pathogens [1]. It stimulates the production of interferon-gamma

(IFN-v) by natural killer (NK) cells [2], an important component of mlltc;]rcé)rganlfsms pr;sent |hnt;]he. stpleen and Iurlg |;16m|ce infected
early host defence reaction against infection [3]. Furthermore, iLV1th - neoformanshrougn the intravenous route [16].
Since C. neoformangs acquired through the pulmonary route

12 is important in chronic infection by playing a central role in the 17), initial host defence in cryptocaceal pulmonary infection is
eneration of Thl cells [4,5], a prerequisite for protecting the hos{ ! . ; : oo .
g ; [4.5], a prerequisi P "9 hought to be at the primary site of infection, i.e. the airspace of the

fi infecti ts th h th ducti f IFN3]. | ;
rom iniectious agents fhrough the production o N3] In lung. In the present study, therefore, we examined the effect of IL-12
experimental murine models of infectious diseases, IL-12 also

" . . . . .~ on host resistance to cryptococcal infection using a murine model of
plays a critical role in host resistance to a variety of infectious yp 9

agents such aisteria monocytogenedoxoplasma gondiiLeish- pulmonary m_fecgon_. In this model, mice were infected through
. - . . intratracheal instillation o€. neoformansOur results demonstrated
mania major andCandida albicang6—9].

Cryptococcus neoformamsoduces a life-threatening infection that treatment with IL-12 eliminated the microorganisms from the

in patients with impaired cell-mediated immunity, such as AIDSlung’ preventing dissemination to the brain and improving the

[10]. Host defence mechanisms against infection with this patho_survwal rate of infected mice.

gen involve a cell-mediated immunity [11], with CD4T cells
playing an important role in the elimination of microorganisms MATERIALS AND METHODS
[12,13]. Recent studies have demonstrated that 4Fblparticu- Animals

larly invqlved i_n protecting mice ag_ainst infection wi@_1 _neofor- Female (BALB/cx DBA/2)F, mice were purchased from SLC

mansby inducing macrophage anti-cryptococcal activity [14,15]. y5541 (Hamamatsu, Japan) and used in the present experiments at

This process suggests that IL-12 may be effective in protectingy,s 54e of 7-10 weeks. The experimental protocol was approved by
Correspondence: Kazuyoshi Kawakami MD, First Department ofth€ Ethics Review Committee for Animal Experimentation of our

Internal Medicine, Faculty of Medicine, University of the Ryukyus, 207 institution. The anti-cryptococcal activity of macrophages derived
Uehara, Nishihara, Okinawa 903-01, Japan. from this strain of mice is not detected without stimulation, and is
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markedly induced by IFNy [18]. All mice were housed in a hexadeoxyribonucleotide mixture 8o BRL, Life Technologies,
pathogen-free environment and received sterilized food andokyo, Japan). This solution was incubated for 2 min a®and
water at the Laboratory Animal Centre for Biomedical Sciencequickly cooled on ice. Then 12 of a solution containing @l of

of University of the Ryukyus. 5x reverse transcriptase buffer (25@iiris—HCI| pH 83, 375 m
KCI, 15mm MgCl,; GiBco BRL), 05ul of 200U/ml RNase
Cryptococcus neoformans inhibitor (Geco BRL), 3ul of 100 mv dithiothreitol and 25 pl

A serotype A-encapsulated strain ©f neoformansYC-11, was  of 10 mv dNTP were added, and the tubes were incubated for 2 min
established from a patient with pulmonary cryptococcosis. Theat 37C. One microlitre of 200000 U/ml M-MLV reverse tran-
yeast cells were cultured on potato dextrose agar (PDA) plates fascriptase (@co BRL) was added and incubated for 60 min at

3-4 days before use. 37°C. After receiving 45l of 0-7m NaOH and 40 m EDTA, the
tubes were incubated for 10 min at’€5 and quickly cooled onice.
Intratracheal instillation of microorganisms The resultant cDNA was precipitated with 75% ethanol overnight

Mice were anaesthetized by an i.p. injection of 70mg/kg ofat —70°C. The precipitates were washed once with 75% ethanol,
pentobarbital (Abbott Labs, North Chicago, IL) and restrained ondried and resuspended in gD of DEPC-treated dkO. The

a small board. LiveC. neoformang1 x 10°) were inoculated at samples were stored at20°C until use. This reaction was
50ul/mouse by inserting a blunted 25 G needle into and parallel tealways performed simultaneously for parallel samples from one

the trachea. experiment.
The polymerase chain reaction (PCR) was carried out in an
IL-12 automatic DNA thermal cycler (Perkin-Elmer Cetus, Norwalk,

Recombinant murine 1L-12 was kindly provided by Hoffman-La CT). For amplification of the desired cDNA, the following gene-
Roche Inc. (Nutley, NJ). IL-12 (@ ug/mouse) was administered specific primers were used as shown by Montgomery & Dallman
daily by i.p. injection. Two treatment schedules were used. In thg20]: IFN-y sense (BAACGCTACACACTGCATCT-3), IFN-y
first schedule, IL-12 was administered for 7 days starting from theantisense (5TGCTCATTGTAATGCTTGG-3), p-actin sense
day of cryptococcal instillation. In the second schedule, IL-12 was(5-ATGGATGACGATATCGCT-3), j-actin antisense (5
administered 7 days after infection and continued for a period of ATGAGGTAGTCTGTCA-GGT-3). One microlitre of sample

days. cDNA solution was added to 48 of the reaction mixture,
which contained the following concentrations: 1@ rris—HCI
Histological examination pH 83, 50 mu KClI, 1-5mm MgCl,, 10ug/ml gelatin, dNTP (each

Mice were killed 3 weeks after instillation witl. neoformans  at a concentration of 2Qv), 1um sense and antisense primer,
The lung and brain specimens were fixed in 10% neutral formalin,1:25 U of AmpliTaq DNA polymerase (Perkin-Elmer Cetus). The
dehydrated, and embedded in paraffin. Sections were cut angreparations in the microtubes were amplified by the three-tem-
stained with haematoxylin and eosin (H-E) or periodic acid-perature PCR system consisting of denaturation &€9dr 1 min,
Schiff (PAS) using a standard staining procedure, and examinegdrimer annealing at 5% for 1 min, and extention at 7€ for

under a light microscope. 1-5min for a total of 35 cycles. The PCR products were electro-
phoresed on 2% agarose gels, stained withu@/ml ethidium
Enumeration of viable€C. neoformans bromide and observed with a UV transilluminator.

Mice were killed 1 or 3 weeks after infection, and both lungs and
brains were excised carefully, then homogenized in 2ml ofStatistical analysis
distilled water with Polytron (Kinematica AG, Littau, Switzerland) Values were expressed as meas.d. The unpaired Students
at 13000 rev/min for 20 s at room temperature. The homogenatesest was used to compare differences between groups. Survival data
appropriately diluted with distilled water, were inoculated at AD0  were analysed using the generalized Wilcoxon test. 0-05 was
on PDA plates, cultured for 3—4 days followed by counting the considered significant.
numbers of colonies. In some experiments, to ascertain the actual
number of disseminated yeast cells, the whole brain homogenates RESULTS
were inoculated at 20@ each on 10 PDA plates.

Effect of IL-12 on the number of viab@ neoformans
Effect of IL-12 on survival The number of viableC. neoformansin the lung increased
To elucidate the clinical effect of IL-12 on the outcome of infection progressively within the first 3 weeks of infection (Fig. 1a). All
with C. neoformansthe survival of mice receiving early or late untreated infected mice died 4-6 weeks after intratracheal instilla-
treatment with IL-12 was examined over a period of 60 days. tion of yeast cells. Viable microorganisms were not detected in the

brain on day 7 after infection (Fig. 1b). However, alarge number of
Extraction of RNA and reverse transcription polymerase chainC. neoformanslisseminated to the brain on week 3 after infection.
reaction Therefore, the effect of IL-12 on elimination &f. neoformansn
Total RNA was extracted from the lungs of mice at various timethe lung and its dissemination to the brain was examined at 3
points after instillation ofC. neoformandy an acid guanidinium  weeks. As shown in Fig. 2a, treatment with IL-12 significantly
thiocyanate-phenol-chloroform method as described by Chomcreduced the number of viable colonies. This was only true in mice
zynski & Sacchi [19]. Usually 30-70g of RNA were obtained provided with the first treatment schedule (i.e. IL-12 treatment
from one set of lungs and resuspended inbBiethylpyrocarbo-  commenced after instillation of the microorganisms, and lasted for

nate (DEPC)-treated distilled water (g8l). 7 days). In contrast, mice treated 7 days after instillatiorCof
Subsequently, reverse transcription (RT) was carried ouneoformanglate treatment), showed no protective effect for IL-12
by mixing 5ug of sample RNA solution (1pl) with 2 ul of in the lung. In mice receiving no treatment or late treatment,
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Fig. 2. Effect of IL-12 treatment on the number of viab@ryptococcus
neoformansn the lung and brain. Mice received no treatmenj 6r daily

Fig. 1. Experimental model of lung and brain infection wifliyptococcus  i.p. injections of 01 g IL-12 for 7 days from the day o) or 7 days after
neoformansMice were infected intratracheally with > 1C° cells of C. intratracheal instillation of X 10° cells of C. neoformans(@). The
neoformansand the numbers of viable colonies in the both lungs (a) andnumbers of viable colonies in both lungs (a) and brain (b) were counted
brain (b) were counted 1 and 3 weeks after tracheal instillation. All infected3 weeks after infection. Each column represents the mesd. of four
mice died within 4-6 weeks. Each data-point represents the meah of ~ mice. *P < 0-05; **P < 0-005. NS, not significant, compared with
three mice. CFU, Colony-forming units. untreated mice. CFU, Colony-forming units.

Weeks after infection

dissemination ofC. neoformanso the brain occurred in all four ~ significantly improved the survival rate of infected mice (Fig. 5),
mice in each group. In contrast, dissemination to the brain wagvhile late treatment failed to improve the survival rate.
observed in only two of the four mice receiving early treatment. As
shown in Fig. 2b, the number of viable colonies in the brain waslnduction of IFN-y mRNA in lungs by early treatment with I1L-12
significantly lower in mice receiving early treatment than in those To understand the mechanism by which early treatment with IL-12
of the untreated group, while mice receiving late treatment wereprotects mice against infection wit. neoformansthe expression
not protected against dissemination of the microorganisms to thef IFN-y mRNA in the lungs of infected mice was examined. As
brain. shown in Fig. 6, IFNv¥ mRNA was not detected at any time point
examined in untreated mice, while early administration of IL-12
Induction of cellular inflammatory response by early, but not late, markedly induced mRNA of this cytokine in lungs with time of
treatment infection. In contrast, the expression @factin mRNA remained
Early treatment with IL-12 produced clear histological changesconstant in mice both treated and untreated with IL-12.
compared with control mice. As shown in Fig. 3a,d, alveolar spaces
in t_he untreated mice were _fllled _Wlth a large number of multi- DISCUSSION
plying yeast cells together with evidence of alveolar wall destruc-
tion (arrows), although only few inflammatory cells infiltrated the The major finding of the present study was that early treatment
lung parenchyma. In contrast, early treatment with IL-12 caused avith IL-12 protected mice from pulmonary infection wit8.
massive accumulation of inflammatory cells, consisting mostly ofneoformansin this model, mice infected intratracheally with a
mononuclear cells infiltrating the peribronchial and perivascularstrongly virulent strain o€. neoformanslied within 4—6 weeks of
areas, in the interalveolar septa and alveolar spaces (Fig. 3b). Sorfigvere pulmonary infection and dissemination to the brain. IL-12
granulomatous lesions were also found, as shown in Fig. 3&eatment enhanced the elimination of the microorganism from the
(arrowhead). In lung sections stained with PAS, the number ofung, the primary site of infection, and prevented its dissemination
yeast cells was clearly reduced compared with untreated mice (data the brain.
not shown). Interestingly, histological features similar to those in ~ Recently, Clemonset al [16] showed that IL-12 had a
the untreated group were observed in the late treatment group. Theensiderable effect in eliminatinG. neoformandrom the brain
inflammatory reaction was very little and alveolar spaces werdn systemically infected mice. The effect of IL-12 on the brain in
filled with a large number of multiplying yeast cells (Fig. 3c,f).  their study, however, was weaker than that observed in our study.
Since in the study of Clemoret al. mice were infected through
Suppression of cryptococcal meningitis administration of microorganisms intravenously, the yeast cells
There were clear histological differences in brain sections ofwere probably eliminated to a large extent by a local host defence
control and mice treated early with IL-12. As shown in Fig. 4a, asystem in the brain independent of that in the lung. In our model, a
large number ofC. neoformangarrowheads) was found invading reduction inC. neoformansnvading the brain was dependent on
the submeningeal areas and infiltrations of inflammatory cellsjocal host defence systems not only in the brain but also in the lung.
consisting mostly of mononuclear cells, were observed. In contrasiVhile IL-12 treatment reduced the number of viable yeast cells in
no meningeal lesion was found in the brains of mice receiving earljthe lung significantly, IL-12 in Clemont al. [16] failed to
treatment with IL-12 (Fig. 4b). In the late treatment group, botheliminate C. neoformansn the lung. Differences in the route of
cryptococcal invasions and infiltrations of mononuclear cells in theinfection, strain or dose of yeast cells and strain of mice, used in
submeningeal areas were clearly observed, although the degréeth studies may account for this inconsistency in the results,

was milder than that of the untreated group (Fig. 4c). although the exact mechanism is not fully understood.
Remarkable differences in the outcome of treatment were
Effect of IL-12 on survival rate observed between early and late treatment schedules. Early treat-

All untreated mice died 4—6 weeks after intratracheal instillationment reduced the number of viable yeast cells both in the lung and
of C. neoformansdue to severe pulmonary and meningeal brain and improved the survival rate of infected mice, while late
cryptococcal infection. In contrast, early treatment with IL-12 treatment was ineffective in protecting mice. These results suggest
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Fig. 3.Histological examination of lung tissue demonstrating the effect of IL-12 treatment. Mice received daily i.p. injectidnsgpiil012 for 7 days from

the day of or 7 days after intratracheal instillation of 1.0° cells ofCryptococcus neoformanBaraffin sections of the lung were prepared from mice killed 3

weeks after instillation of the microorganisms, stained with haematoxylin and eosin (H-E), and examimi(atb,c) and<200 (d,e,f) under a light
microscope. Arrowhead (e): granulomatous lesion; arrows: destruction of alveolar structure. a,d, untreated group; b,e, early treated group; c,f, late treated
group.

that IL-12 plays a more important role in early host resistance tanediated by IFNy [3]. In chronic infection, Thl cells are parti-

infections compared with late resistance mechanisms. This findingularly important as producers of IFiN{2], and IL-12 is a major

is consistent with that of Gazzineléit al. [6], who demonstrated inducer of Thl cells [4,5]. Conversely, Th2 cytokines, such as IL-4

that IL-12 plays an essential role in acute infection, but not inand IL-10, suppress Thl response, a process disadvantageous in

chronic infection caused bY. gondii protecting the host from infections [21-23]. Our results indicate
What determines the outcome of treatment of cryptococcathat the favourable effects of early treatment with IL-12 are

infection? Several IL-12 biological activities are thought to be mediated through the enhancement of the Thl response, as

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$04208-214
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Fig. 4. Histological examination of mice brain in disseminated infection. The paraffin sections of the brain prepared from mice were treated as
shown in Fig. 3, 3 weeks after instillation, stained with periodic acid-Shiff (PAS), and examinetfatunder a light microscope. Arrowhead
(a): Cryptococcus neoformana, untreated group; b, early treated group; c, late treated group.

shown by the inducation of IFN-mRNA in lungs and probably
through the suppression of the Th2 response. In the late phase of
infection, helper T cells may already complete the differentiation r
process towards Th2 cells. Thus, administration of IL-12 at that 4,
stage may not be effective in generating Thl response due to the
suppressive effect of Th2 cytokines. Further studies are underway
in our laboratory to examine these differences. =
Another mechanism for the observed differences betweert
early and late treatment schedules may involve the pattern an%
speed of yeast growt vivo. In the present study, yeast cells
multiplied to approximately 10 times the initial number during
the first 7 days of infection. Such rapid growth may cause a(%
suppression of Thl cells and activation of Th2 cells as a result
of a high antigen load. Previous studies demonstrated that high -
levels of antigen suppressed the Thl response and rather
stimulated the Th2 response [24,25]. This argument is supported
by a recent finding by Naboret al demonstrating that a
reduction in antigen levels by an anti-leishmanial drug resulted P B
in a switch from Th2 to Th1 cells in mice infected with major 0 10 _
[26]. Days after infection

Histological exammatlon in the pres'ent'study demonstra?ed th(iéig. 5. Effect of IL-12 treatment on the survival rate of mice infected with
presence of severe inflammatory reaction in early treated mice, bl&ryptococcus neoformandice received no treatment-€) or daily Lp.

not in late treated or untreated animals. It is well known thatinjections of 01 uug IL-12 for 7 days from the day o, —) or 7 days after

adhesion molecules and chemotactic cytokines are involved ifhtratracheal instillation of % 10° cells of C. neoformangO, —). The
inflammatory cell accumulation at the site of infection. A direct numbers of live mice were noted. Each group consisted of nine mice.
effect of IL-12 involves the induction of expression of certain *P < 0-05. NS, Not significant compared with untreated mice.
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Fig. 6.Induction of IFN<y mRNA in lungs by early treatment with IL-12. The total lung RNA was extracted 3, 7, 14 or 21 days after infection
from mice which received early administration of IL-12 or no treatment, and the expression gfdRti3-actin mMRNA was examined. IL-12
(-), Untreated; IL-12 {), early treated with IL-12.
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