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ABSTRACT. DNA from several isolates of Taenia taeniaeformis and Echinococcus multilocularis were digested with restriction enzymes
and hybridized with digoxigenated oligonucleotide probe (CAC)s. Within the six wild isolates of Taenia taeniaeformus from Norway
rats in Hokkaido, although several bands were common among isolates, fingerprinting patterns were specific to each isolate. In the case
of E. multilocularis, regardless of hosts from which each isolate has been isolated, the five isolates collected from Hokkaido, showed
the same fingerprinting pattern. These results indicate that there was very little genetic difference among these isolates. Although the
fingerprinting pattern of £. multilocularis from St. Lawrence Is. was similar to that of the Hokkaido isolates, some bands were different
from those in the Hokkaido isolates. Echinococcus multilocularis in Hokkaido seems to be closely-related genetically to that from St.

Lawrence Is.
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Intraspecific variation has been described from different
geographic areas or host species in all major groups of para-
sites by applying a number of differential criteria [25]. Tra-
ditionally, the morphology was used as the sole differential
criterion. However, more recently several intrinsic or
extrinsic characteristics have been used [26]. Echinococcus
granulosus, which is responsible for cystic hydatid disease
in humans and animals, is known to exist as biologically and
genetically distinct subspecific variants or strains. How-
ever, few intraspecific variations of £, multilocularis have
been reported [2, 4].

Echinococcus multilocularis, which is responsible for
alveolar hydatid discase in humans, is one of the most med-
ically important cestodes in the holarctic region. The natu-
ral intermediate hosts of E. multilocularis are arvicoline
rodents. However, in Hokkaido Japan, natural infections of
E. multilocularis in swine and horse, which have been
scarcely reported in other geographical areas. have been fre-
quently observed [12. 21]. Moreover, natural infection of E.
multilocularis in a Norway rat, Rattus norvegicus. has been
found in southern Hokkaido [16]. Although many species
of mammals have been reported as possible natural or
experimental intermediate hosts of E. multilocularis, there
are few reports on infection in the Norway rat, swine, or
horse outside Hokkaido [15. 20, 23]. Therefore, the possi-
bility that a different strain or population exists in the
Hokkaido district from those reported in other geographical
areas is considered.

Sequencing of mitochondrial or nuclear genes is a useful
tool to infer the phylogenetic relationships of organisms. So
we have examined the partial sequences of mitochondrial
COI gene for Hokkaido isolates of £. multilocularis. How-
ever, all isolates shared the same sequence of CO1 gene

J. Vet. Med. Sci. 69(2): 159-163, 2007

[19].

DNA fingerprinting has proved to be powerful in resolv-
ing genetic identity or relationships and is applied in many
diverse areas of biological sciences including forensic sci-
ence, paternity testing, animal breeding and population
genetics [6, 8, 9]. One attractive DNA fingerprinting
method is the detection of hypervariable simple repetitive
DNA by means of oligonucleotide probes, which make it
possible to establish highly informative DNA fingerprints
for any eucaryotic organisms. Oligonucleotide probe
(CAC)s is multilocus and a very informative probe to iden-
tify human individuals [28]. It is also useful for verifying
genetic relationships in domestic animals and wild birds [5].
Okamoto et al. [18] applied DNA fingerprinting with
(CAC)< to analysis of genetic variation within Taenia tae-
niaeformis and reported that (CAC)s was a highly resolvable
and informative probe for cestodes.

Taenia taeniaeformis is a common parasite of cats in
Japan, and its intermediate hosts are Norway rat (Rattus nor-
vegicus), small Japanese field mouse (4podemus argenteus)
and gray red-backed vole (Clethrionomys rufocanus bedfor-
diae) so far reported. From these intermediate hosts, all iso-
lates of T. taeniaeformis from Norway rats shared the same
sequences for COI gene so far examined [19]. However,
DNA fingerprinting patterns of those isolates constructed
with the oligonucleotide probe (CAC)s were different from
each other [18]

In this study, we examined the genetic variability of Echi-
nococcus multilocularis collected from different intermedi-
ate host species using DNA fingerprinting and discussed the
genetic features of £. multilocularis population in Hokkaido
comparing with the case of 7. raeniaeformis.
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Table 1. Hosts and geographical origins of cestodes examined in this study
Species Isolate Host Geographical origin
Echinococcus multilocularis EmHok Gray red-backed vole Higashimokoto, Hokkaido, Japan
EmTob Giray red-backed vole Tobetsu, Hokkaido, Japan
EmYak Gray red-backed vole Yakumo, Hokkaido, Japan
Empig Pig Kitami, Hokkaido, Japan
Emrat Norway rat Kamuso, Hokkaido. Japan
EmStL Tundra vole St Lawrence Is, US.A
Taenia taemiaeformis TtSapl Norway rat Sapporo, Hokkaido, Japan
wild isolates TtSap2 Norway rat Sapporo, Hokkaido, Japan
TtSap3 Norway rat Sapporo, Hokkaido, Japan
TtTom Norway rat Tomikawa, Hokkaido, Japan
TtKam Norway rat Kamiiso, Hokkaido, Japan
TtEbe Norway rat Ebetsu, Hokkaido, Japan
TtCat Cat Sapporo, Hokkaido. Japan

Gray red-backed vole. Clethrionomys rufocanus bedfordiae, Norway rat: Rattus norvegicus, Tundra vole

Microtus ceconomus

MATERIALS AND METHODS

Parasites: Five Hokkaido isolates and one Alaskan iso-
late of E. multilocularis were examined. Each isolate was
passaged by intra-peritoneal injection in Mongolian gerbils
(Meriones unguiculatus) in Hokkaido University. As for
isolates of Taenia taeniaeformis, 6 wild isolates were used.
These taeniid samples were stored in liquid nitrogen, at
—80°C or in 70% ethanol until required for DNA extraction.
The sample list and locality map are shown in Table | and
Fig. 1, respectively.

Preparation of DNA: DNA fingerprinting requires com-
parably high-molecular weight DNA, so we have prepared
the genomic DNA using the extraction with phenol. The
details of the method have been given in a previous report
[18].

Sequencing for COI gene: A partial fragment of COl
gene was amplified from the total DNA by PCR using the
primer pair pr-a and pr-b [19]. Direct sequencing of the
PCR amplification product was performed with a Dye Ter-
minator Cycle Sequencing Kit (Applied Biosystems,
U.S.A.) using the pr-a and pr-b.

DNA fingerprinting with oligonucleotide probe (CAC)s:
Approximately 1 g of taeniid DNA was digested with 30—
50 units of restriction endonuclease Pst I or Pvu Il (Nippon
Gene), using the buffer and reaction conditions as recom-
mended by the manufacturer of the respective enzymes.

Reaction was stopped by the addition of 1/10 volume of

50% glycerol, 10 mM NaHPO,, 100 mM EDTA and 0.4%
bromophenol blue. Digested DNA was loaded on 0.8% aga-
rose gel and run in TBE buffer (89 mM boric acid. 89 mM
Tris, 2 mM EDTA).

After electrophoresis, DNA was denatured by soaking the
gel for 30 min in 0.5 M NaOH. 1.5 M NaCl with constant
gentle agitation and then neutralized by soaking for 30 min
in 0.5 M Tris-HC] (pH 7.8), 1.5 M NaCl. Thereafter, DNA
was blotted with 20 x SSC(3 M NaCl, 0.3 M Nacitrate,
pH7.0) on to positively charged nylon membranes (Hybond
N+, Amersham, U.8.A.) for 6 hr.

@ : Echinococcus multiloculans

Hokkaido Is.

B : Taenia taeniaeformis

e o
TtSapl.2, 3 Empig EmHok ¥

TtCat

@®EmTob
W TtEbe

Fig. 1. Collection localities of Echinococcus multilocularis and
Taenia taeniaeformis in Hokkaido Island. For explanations of
abbreviations of sample names, see Table 1. Four isolates of T
taeniaeformis from Sapporo were collected from distant locali-
ties 1n the same city.

The oligonucleotide (CAC)s was chemically syvnthesized
and purified by reversed phase HPLC. Labeling with digox-
igenated dUTP was done in terminal deoxynucleotidyl
transferase using a DNA Tailing Kit (Roche Diagnostics.
Germany). Membranes were baked at 80°C for 2 hr.
Hybridization with digoxigenated probe and immunological
detection were performed by using a DIG Nucleic Acid
Detection Kit (Roche Diagnostics). Prehybridization and
hybridization were done at 42°C for | hr and for at least 10
hr respectively. Filters were then washed twice in 2 x SSC
containing 0.1% SDS at room temperature for 5 min and for
15 min, respectively. These were washed twice in 2 x SSC
containing 0.1% SDS at 45°C for 30 min. Subsequent
immunological detections were performed according to the
manufacturer’s instructions.
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Fig. 2. DNA fingerprinting of wild isolates of 7. taeniae-

Jormis with digoxigenated oligonucleotide probe (CAC)s
DNA was digested with Pst I and electrophoresed in 0.8%
agarose gel at 30 V 15 hr  Molecular weight markers are
given on the left in kilobases

RESULTS

Sequencing of the COl gene: Partial sequences of the
mitochondrial COl gene from some samples had been
examined [19]. In this study, therefore, all wild isolates of
T. taeniaeformis except TtTom were examined. All wild
isolates of T. taeniaeformis, including TtCat, shared the
same sequence as that from TtSRN (GenBank/EMBL/
DDBJ accession no. AB221484) [19]. No sequence varia-
tion was observed in E. multilocularis, regardless of the
hosts or geographical areas from which each metacestode
had been isolated [19]. Phylogenetic relationships of taeniid
cestodes, including some isolates examined in this study,
inferred from the CO1 gene have been reported [19].

DNA fingerprinting: DNA from T. taeniaeformis were
digested with Pst I and hybridized with digoxigenated oligo-

Pst | Pvu il
I 1 I ¥
X 9 x g 0 ¥ 0 ¥ 5 o
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Fig 3. DNA fingerprinting of six isolates of Echinococcus mul-

tilocularis with digoxigenated oligonucleotide probe (CAC)s.
DNA was digested with Pst I or Pvu Il and electrophoresed in
0.8% agarose gel at 20 V 24 hr. Molecular weight markers are
given on the left in kilobases

nucleotide probe (CAC)s. All isolates showed clear multi-
banding patterns, which were characteristic of multilocus
DNA fingerprinting (Fig. 2). Fingerprinting patterns of wild
isolates of T. taeniaeformis resembled each other. How-
ever, several bands were specific to some isolates, so isolate
was easily distinguishable each other by fingerprinting pat-
terns.

Fingerprinting patterns of 6 isolates of E. multilocularis
when digested with Pst I and Pvu II are shown in Fig. 3.
Regardless of hosts from which each isolate had been iso-
lated, the five isolates from Hokkaido showed completely
the same fingerprinting pattern. Fingerprinting pattern of
EmStL was similar to that of the Hokkaido isolates. How-
ever, some bands seen in EmStL were either different in
molecular size, or missing in Hokkaido isolates. Moreover
additional bands were seen in EmStL.

DISCUSSION

The DNA fingerprinting pattern often is specific to an
individual, except in extreme case of inbreeding or in
monozygotic twins, or clones. It was reported that (CAC)s
represented the informative fingerprints for genetic analysis
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of T. taeniaeformis, when digested with Hinf 1 [18]. In the
case of E. multilocularis, digestion with cither Pst 1 or Pvu
11 was effective in preliminary study (data not shown). In
this study, therefore, the digestion with Pst | was applied.

One of the major problems with applying multilocus
DNA fingerprinting to population analysis is that it is
impossible to identify which bands are derived from the
same locus, especially between distant organisms.
Although wild populations usually are highly polymorphic,
with many alleles at a single locus, bands that appear to be
shared by individuals are not always identical alleles at the
same locus [3]. On the contrary, among closely-related,
especially blood-related organisms, many identical alleles
are derived from the same locus, and the fingerprinting pat-
terns resemble each other. In the present study, it seemed
that six wild isolates of 7. rtaeniaeformis were genetically
related to each other. However, no isolate had a fingerprint-
ing pattern that was same as that of any other isolate.

As contrasted with 7. taeniaeformis, five isolates of E.
multilocularis from Hokkaido showed the identical finger-
printing pattern. The main intermediate host of £. multiloc-
ularis in Hokkaido is a gray red-backed vole. However,
several reports have been published on natural infections of
E. multilocularis in uncommon intermediate hosts in
Hokkaido Island, namely, swine [21], horses [12] and Nor-
way rats [16]. There have been few reports of natural infec-
tion of E. multilocularis in these intermediate hosts in other
endemic areas. In the present study, although we compared
isolates derived from gray red-backed voles, swine and Nor-
way rats, no difference was detected in their fingerprints.
These results indicate that there was very little genetic dif-
ference among these isolates. It seemed that infections with
E. nudtilocularis to the unusual animals in Hokkaido were
not responsible for the variation in £. multilocularis.

Generally, wild populations are highly polymorphic, with
many alleles at a single locus. It is very rare that the same
fingerprinting pattern is obtained from two individuals,
except in the case of monozygotic twins. Nevertheless, why
were fingerprints from all Hokkaido isolates of E. multiloc-
ularis identical?

Although all isolates from Hokkaido Island showed an
identical fingerprinting pattern, this did not mean that all
isolates were as uniform as clones. Actually, Nakao er al.
[13] reported that polymorphism of microsatellite DNA was
detected in Hokkaido's population of E. multilocularis.
Because the multilocus fingerprint is the technigque used to
detect RFLPs of genome DNA, sometimes it cannot detect a
slight difference in DNA such as several base indels in mic-
rosatellites. Although it is known that self-insemination
occurs in Echinococcus [10, 24], the heterozygosity of mic-
rosatellite alleles indicates that cross-fertilization also
occurs in E. multilocularis. However, the heterozygosity
observed was low in Hokkaido's population of E. multiloc-
ularis [13].

Since asexual proliferation occurs in the larval stage of
Echinococcus, a large number of clonal protoscoleces are

produced in intermediate hosts. When foxes prey on the
rodent infected, the majority of adult worms, therefore, are
clonal. An increase in homozygosity within a population of
Echinococcus is well explained by self-fertilization [13],
which can be achieved by a sperm of the same individual
{autogamy) or of another clonal individual (geitonogamy)
[11].

Even though the population of Echinococcus has such
properties, if £. multilocudaris is native to Hokkaido and has
inhabited that area for a long time, geographical variation in
fingerprinting should be detected. because the mutation rate
of fingerprinting is very high. In humans, the spontancous
mutation rate of fingerprinting with (CAC)s has been esti-
mated to be approximately 0.001 per DNA fragment and
gamete [14]. Echinococcus multilocularis in Hokkaido
seems to be a recent population that invaded from another
endemic area. Actually, endemic areas of £, multilocularis
on Hokkaido Island were restricted to its eastern part before
1975 [7]. In addition, if the E. multilocularis that invaded
Hokkaido had been polymorphic genetically. variation in its
fingerprinting should still have remained. The origin of £
multilocularis endemic in Hokkaido seems to be a single or
very uniform population.

Yamashita [27] assumed that the E. multilocularis preva-
lent in Hokkaido Island was introduced from St. Lawrence
Island via Komandorskie and Kuril Islands. It was reported
that a sequence of COl gene of E. multilocularis from
Kunashiri Island. which was the southern Island of Kuril
Islands, was same as that from Hokkaido [22]. The finger-
printing pattern of EmStL resembled that from Hokkaido
isolates with slight differences in several bands. Comparing
with the case of Taenia taeniaeformis, it appears that
Hokkaido's £ mudtilocularis is not identical to EmStL, but
is closely-related genetically.

A partial sequence of the mitochondrial CO1 gene of
EmStL examined is shared with that from Hokkaido’s iso-
lates. However, it was recently revealed that £ multilocu-
laris, which had a different type of the mitochondrial COl
gene, also inhabits St. Lawrence Island (data not shown).
Thus, E. multilocularis endemic to St. Lawrence Island may
be polymorphic. In the present study, only one isolate from
St. Lawrence [sland was examined. Therefore, it is possible
that population, which is identical to £. multilocularis in
Hokkaido, may inhabit St. Lawrence Island. In order to
determine the origin of E. multilocularis in Hokkaido. addi-
tional investigations are needed, including isolates from St.
Lawrence Island, Komandorskie and Kuril Islands.
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Abstract

Paracoccidioidomycosis (PCM) is a granulomatous disease caused by a dimorphic fungus, Paracoccidioides
brasiliensis. The present study investigated the protective activity of the P. brasiliensis high-molecular-mass
(hMM) fraction (~380 kDa) in experimental murine PCM. In the first step, lymphocyte proliferation and
production of IFNy (but not IL-4) were observed in “in vitro™ spleen cells (from female BALB/c mice
infected (i.v.) with P. brasiliensis) that were stimulated with hMM fractions. In the second step, female
BALB/c mice were previously immunized (s.c.) with hMM fraction (25 pg/protein = F-25 and 50 pg/
protein = F-50), and the colony-forming units (CFU) of the lung and spleen, the histopathological
characteristics of the granulomatous lesions, and plasmatic gp43 soluble antigens and anti-hMM IgG levels
were analyzed at 28 and 56 days after infection. The lung and liver CFU were lower in mice previously
immunized with the hMM fraction (P < 0.05). The granulomatous lesions revealed a greater degree of
compaction and organization, with no dissemination of the fungus to other organs. Lower soluble antigen
levels (P < 0.05) and higher IgG anti-hMM fraction (P < 0.05) were observed in immunized groups. The
results for CFU, histopathology and antigenemia suggest that the hMM fraction has a protective effect in
experimental paracoccidioidomycosis in BALB/c mice.

Key words: antigenemia, CFU, granuloma, Paracoccidioides brasiliensis, paracoccidioidomycosis,
protection

Introduction

Paracoccidioidomycosis (PCM) is an infectious
granulomatous disease caused by the dimorphic
fungus Paracoccidioides brasiliensis. The pathogen
grows as a yeast form at a temperature of 35-37°C,
or as a mycelium at 25 °C. It is restricted to Latin
America, with extensive endemic areas in Brazil,
Colombia, Venezuela and Argentina [1]. It is
believed that about 10 million people are infected
with the fungus; 2% of them may develop the

disease [2]. The disease primarily involves the
lungs, and then disseminates to other organs and
systems. Two main clinical forms are recognized:
acute (AF) and chronic (CF). The CF is more
frequent in men over the age of 40, and has mul-
tiple forms, ranging from benign and localized
(unifocal) to severe and disseminated (multifocal)
disease [3].

Infection by P. brasiliensis is characterized by
long latency periods. These periods are especially
evident in imported cases, in which the disease
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only appears decades after a patient visited an
endemic region [4]. This means that during this
period these patients have been able to control the
fungal dissemination. Resistance to P. brasiliensis
is linked to a cellular immune response associated
with IFN-gamma production, as shown by clinical
and experimental PCM data [5-7].

It has grown the investigations of fungal com-
ponents that induce cellular immune response and
host protection as alternative immuno-therapeutic
method for treatment of PCM considering the
toxicity of the current antifungal agents derived
from azole and amphotericin-B [8, 9]. The most
investigated component of P. brasiliensis is the
gp43. Immunization with gp43 or 15-amino-acid
peptide (P10), the immunodominant T cell epitope
or even the gp43 gene protects against experi-
mental infection in mice [10, 11]. Also the chro-
matography F0 and FII fractions from
P. brasiliensis soluble antigens [12] or monoclonal
antibodies to gp70 induce protection in murine
PCM [13].

The yeast forms of P. brasiliensis also produce
high-mass molecular antigens [14] as soluble forms
[14]. In a previous study using a fraction, which
was determined as ~380 kDa (hMM), we
observed differences in IgG and IgE levels between
the acute and chronic PCM forms [15].

In the current study, we evaluated the ability of
the hMM fraction to induce a protective effect in
experimental paracoccidioidomycosis in BALBc
mice.

Material and methods
Cell-free antigen (CFA) and exoantigen ( ExoAg)

CFA from P. brasiliensis (Pbl8) was obtained
according to Camargo et al. [16], modified by the
addition of phenylmethylsulfonyl fluoride (PMSF)
at 2.5 mM to the supernatant, which was subse-
quently frozen at -80 °C. A lyophilized exoAg was
prepared from a yeast-phase culture of P. brasili-
ensis strain B-339 according to Camargo et al. [17].

Sephadex G-200 chromatography
Two milliliters of P. brasiliensis (Pbl8) CFA

(1 mg/ml) were applied to a Sephadex G-200 col-
umn (2 x 48 ¢cm) buffered with 0.15 M PBS, pH

7.2. Fractions of 1 ml each were collected in an
automatic fraction collector, and read in a spec-
trophotometer (Ultrospec-2000 Pharmacia Bio-
tech UV/Visible) at 280 nm. The first peak fraction
17. considered as hMM, was characterized as
~380 kDa by Marquez et al. [15]. The hMM
fraction correspondent to F17 was analyzed by
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) on a 7% gel and silver
stained. Prestained SDS-PAGE standards from
BIO-RAD 161-0318 was used as protein
standards.

Gp43 purification

Purified gp43 was obtained by affinity chroma-
tography of the CFA of P. brasiliensis (Pbl8) on
Affigel-10 (Bio-Rad Laboratories, Hercules, CA,
USA) with anti-gp43 Mab as a specific ligand. The
gp43 was eluted with 0.1 M glycine-HCI, pH 2.8,
and immediately neutralized with 2 M Tris, pH
9.0. Fractions (1.0 ml) were collected and read in a
spectrophotometer at 280 nm. The fractions with
the highest absorbance were mixed. The resulting
pool was dialysed against 0.15 M PBS, and the
protein concentration was determined.

Proliferation assay

Spleen cells from infected (28 days, 1 x 10° yeast
cells) and normal mice were removed aseptically
and teased. The erythrocytes were lysed with rris-
ammonium chloride, and the cell suspension was
washed three times in RPMI medium. For prolif-
erative assays, 100 ul of the cells were cultured in
triplicate wells at a concentration of | x 10° cells/ml
in RPMI 1640 containing L-glutamine, 10% fetal
calf serum in 96-well flat-bottom culture plates.
About 100 pul of Ag (hMM, gp43, exoAg) was then
added to each well at concentrations of 50 pg/ml.
The cells were cultured for 4 days at 37 °C with 5%
CO> and were pulsed with | uCi of [*H] thymidine
18 h before harvesting on glass filter strips. The
radioactivity was determined by liquid scintillation
(Beckman LS 6.800). The Stimulation Index was
calculated as the triplicate of stimulated cells (cell-
s + Ag)divided by the cell control (cell + RPMI).
For culture supernatant preparations, cells were
cultured in the same conditions as for the prolifer-
ation assay for three days. Culture supernatants
were collected and stored at —80°C.
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Cytokine assays

IFNy and IL-4 were determined by commercial
ELISA kits: IFNy (BD OptEIA), IL-4 (R&D
System), according to the manufacturer’s
instructions. The reaction was revealed with
peroxidase-conjugated streptavidin (Sigma) fol-
lowed by the substrale mixture containing
hydrogen peroxide and ABTS (Sigma) as a
chromogen. The absolute cytokine level was cal-
culated based on a standard curve provided by
the manufacturer.

Immunization and experimental infection

Groups of 5-7 BALB/c mice (6-8-week-old
females) were immunized by subcutaneous injec-
tion of 25 pg protein (F-25) (group a) and 50 ug
protein (F-50) (group b) of hMM with Freund’s
adjuvant (three times at 2-week intervals, first with
complete and second and third with incomplete
Freund’s adjuvant) and 45 days after infected i.v.
with 1 x 10° yeast cells. The infected mice group,
without immunization (group ¢) and normal mice
inoculated with sterile PBS (group d) were used as
controls. The animals were killed at days 28 and 56
post-infection.

Organ colony-forming units (CFUs)

The lung and liver fractions were removed,
weighed, homogenized, and washed three times in
phosphate-buffered was plated on brain—heart
infusion (BHI) agar supplemented with 4% fetal
serum and 5% spent culture medium from P. bra-
siliensis as a growth factor. Gentamycin and clo-
ramphenicol were added at 60 and 100 mg/ml,
respectively. The plates were incubated at 35°C
and read after 8 days. The results were expressed
as the number of viable P. brasiliensis CFUs per
mg of tissue per mouse.

Histopathology

The lung and liver fractions were excised, fixed in
10% buflered formalin, and embedded in paraffin
for sectioning. Sections were stained with
haematoxylin-cosin (HE) and examined micro-
scopically.

119

Detection of soluble gp43 in plasma

Immunoplates (TPP, Switzerland) were coated
with rabbit lgG anti-gp43 (12 pg mi™"), blocked
with PBS-T- 5% skim milk for | h, and incubated
with plasma samples (1/10) at 37 °C for 1 h. After
washing, 30 pg ml™' IgG anti-gp43 (monoclonal
antibodies obtained by fusion of P3UI cells and
spleen cells from BALB/c mice immunized with
gp43) was incubated for 1 h at 37 °C, and then
incubated with 100 pl of goat anti-mouse IgG
labeled with peroxidase (1:4000), according to
Miura et al. [18] with some modifications. The
reaction with OPD solution was stopped with
50 pl of 4 N H,S0, and the absorbance read at
492 nm in a Multiskan EX reader (Labsystems).

Detection of anti-hMM fraction IgG

Immunoplates were coated with sephadex hMM
fraction (25 pug mi™'), blocked with PBS-T- 5%
skim milk for 1 h, and incubated with plasma
samples (1/10) at 37 °C for 1 h. They were then
washed again and incubated with goat anti-mouse
IgG labelled with peroxidase (A2554; Sigma-
Aldrich), diluted 1:4000, at 37 °C for 1 h. Next,
100 pl of substrate solution was added (5 mg
ortho-phenylenediamine, 10 ml of 0.1 M citrate
buffer, pH 4.5 and 10 pl H>O, After 15 min, the
reaction was stopped with 50 pl 4 N H,S0,, and
the absorbance was read in a Multiskan EX reader
at 492 nm, according to Miura et al. [I8] with
some modifications.

Statistical analysis

Statistical comparisons were made by analysis of
variance (ANOVA) and by Tukey’s test. All values
are reported as the mean + SD of the mean, with
significance assumed in the range of P < 0.05.
Results

Sephadex G-200 chromatography

Samples of P. brasiliensis CFA were applied to a

Sephadex G-200 column balanced with 0.15 M
PBS, pH 7.2. Fractions were collected in an
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automatic fraction collector, and read in a
spectrophotometer (Ultrospec-2000 Pharmacia
Biotech UV/Visible) at 280 nm (Figure 1A).
Fraction 17 considered as hMM fraction was
submitted to SDS-PAGE 7% and stained with
silver stain (Figure 1B). The approximate molec-
ular mass was calculated based on protein stan-
dards molecular masses.

Proliferation assay

The spleen cells from mice at 28 days post-infec-
tion were stimulated “in vitro” with P. brasiliensis
antigens (exoAg, gp43 and hMM fraction) for
evaluation of cell immune response. A higher
proliferative response was found in the spleeno-
cytes stimulated (5 days) with hMM and exoAg
than gp43 and those from the controls mice inoc-
ulated with PBS. Mean values + SD of the pro-
liferation index (cpm of test well/cpm of control
without antigens) of triplicate cultures are shown
in Figure 2A.

Cytokine levels

The spleen cells from mice at 28 days post-infec-
tion were stimulated “in vitro” with P. brasiliensis
antigens (hMM fraction, gp43 and exoAg) for
cytokines detection in culture supernatants (IFNy
and IL-4 from the 3 days culture supernatants). A
higher IFNy level was detected in the supernatant
of stimulated spleenocytes with hMM than gp43
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and exoAg in infected mice by ELISA (Figure 2B).
No difference was observed with IL-4 levels
between those groups (Figure 2C).

Analysis of the protection using the CFU technique

The lung and liver fractions from 28 and 56 days
post-infection or immunized and infected (immu-
nized previously with 25 pg protein and 50 pg
protein) were homogenized, plated on BHI agar
culture medium and the results expressed as CFUs
per mg of tissue. The lung CFU results for mice
previously immunized with the hMM fraction
(F-25 and F-50) showed fewer colonies compared
to the group of infected mice, for both time peri-
ods (28 and 56 days), with P < 0.001 for the 28-
day period and P < 0.05 for the 56-day period
(Figure 3A). The same result was observed for the
liver CFU, with significant values in relation to the
infected animals, with variations of P < 0.01 and
P < 0.05 for both groups F-25 and F-50, and both
periods (Figure 3B).

Histopathological analysis

At 28 days post-infection, mice immunized with
F-25 of the hMM fraction showed the formation of
exudative lesions with compact granulomas, with
some cells of P. brasiliensis observed in the lung
and liver but with no dispersion to the spleen. At
56 days, small granulomas with only a few fungal
cells were observed. The animals immunized with

Fractions

Figure 1. (A) Spectrophotometric profile at 280 nm of CFA fractions chromatography in Sephadex G-200. The fractions collected
with an automatic fraction collector were read in a spectrophotometer at 280 nm and the fraction 17 (*) considered as hMM fraction.
(B) The hMM fraction correspondent to F17 analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 7% gel and

silver stained ( « ~380 kDa).
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Figure 2. (A) Lymphoproliferative response. Spleenocytes stimulated during 5 days with hMM fraction (1), gp43 (2) and exoAg (3)
(50 pg/ml) (spleenocytes from infected BALB/c mice, | x 10° Pb18, 28 days post-infection or not infected). Mean values + SD of the
proliferation index (cpm of test well/cpm of control) of triplicate cultures. (B) IFNy in culture supernatants. Spleens cells from infected
BALB/c mice (1 x 10° Pb18) or not infected (control) were cultured for 48 h with hMM fraction, gp43 and exoAg (50 pg/ml) or
without stimulus (RPMI). IFNy was analyzed by capture ELISA (BD OptEIA). (C) IL-4 in culture supernatants. Spleens cells from
infected BALB/c mice (1 x 10 Pb18) or not infected {control) were cultured for 48 h with hMM fraction, gp43 and exoAg (50 pg/ml)
or without stimulus (RPMI). TL-4 was analyzed by capture ELISA (R&D System).

F-50, at both 28 and 56 days showed small com-
pact granules, with few or no cells present in the
liver and spleen. For the infected and non-immu-
nized animals, at both periods we observed giant
granules with innumerable viable cells of P. bra-
siliensis in the lung and liver, and extensive tissue
destruction with exudative epithelioid granulomas
(Figures 4, 5 and Table 1),

Level of soluble antigen gp43 ( Antigenemia)
in the plasma

Immunoplates coated with rabbit IgG anti-
gp43, incubated with plasma samples (1/10), IgG
monoclonal anti-gp43, goat anti-mouse IgG
labeled with peroxidase were used for antigen-
emia analysis. Soluble gp43 levels, in OD at
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Figure 3. (A) Lung colony-forming units (CFU). Median number of P. brasiliensis CFU in the lungs of mice immunized with hMM
fraction. The results are expressed as the number of viable P. brasiliensis CFUs per mg of tissue per mouse after 8 days in BHI agar
medium in groups: Infected = infected with 10° P. brasiliensis during 28 days or 56 days, Immuni F-25 = immunized with 25 ug of
hMM fraction and infected with 10° P. brasiliensis, Immuni F-50 = immunized with 50 pg of hMM fraction and infected with 10° P.
brasiliensis, during 28 days or 56 days. (n = 08). Infected x Immuni F-25 or F-50 **P < 0.01, *P < 0.05 for 28 days and + P < 0.05
for 56 days. a and b inside of group for period of infection. (B) Liver colony-forming units (CFU). Median number of P. brasiliensis
CFU in the livers of mice immunized with hMM fraction. The results are expressed as the number of viable P. brasiliensis CFUs per mg
of tissue per mouse after 8 days in BHI agar medium in groups: Infected = infected with 10° P. brasiliensis during 28 days or 56 days,
Immuni F-25 = immunized with 25 pg of hMM fraction and infected with 10° P. brasiliensis, Immuni F-50 = immunized with 50 pg
of hMM fraction and infected with 10° P. brasiliensis, during 28 days or 56 days. (n = 08). Infected x Immuni F25 or F50 **P < 0,01,
*P < 0,05 for 28 days and * " P < 0,01, * P < 0,05 for 56 days. a and b inside of group for period of infection.

492 nm, were significantly lower in the ani- group at 28 days (P < 0.05). After 56 days, only
mals immunized with the hMM fraction (F-25 the group of mice immunized with hMM
and F-50) compared to the control infected fraction F-50 showed significantly lower levels
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Figure 4. Lung histopathology in immunized mice with hMM fraction A and B: Infected with 10° P. brasiliensis, C and D: immunized
with 50 pg of hMM fraction and infected with 10° P. brasiliensis, E and F: immunized with 25 pg of hMM fraction and infected with
10° P. brasiliensis. A, C and E: 28 days post-infection and B, D and F: 56 days post-infection

in relation to the infected group (P < 0.05). Level of 1gG anti-hMM fraction

This demonstrated a dose-dependent relation-

ship during the course of the infection (Fig- For evaluation of humoral immune response to
ure 6A). hMM fraction, immunoplates coated with hMM

e
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Figure 5. Liver histopathology in immunized mice with hMM fraction. G and H: Infected with 10° P. brasiliensis, I and J; immunized
with 50 pg of hMM fraction and infected with 10° P. brasiliensis, K and L: immunizated with 25 pug of hMM fraction and infected with
10° P. brasiliensis. G, 1 and K: 28 days post-infection and H, J and L: 56 days post-infection.

fraction incubated with plasma samples (1/10), 492 nm, were higher in the groups of mice immu-
goat anti-mouse IgG labelled with peroxidase were nized with the hMM fraction (F-25 and F-50) after
used. The results of ELISA, expressed as OD at 28 days, compared to the infected mice. However,
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Table 1. Number of intragranuloma fungics cells in immunized mice with hMM fraction

Organs/Period

Lung/28 days

Liver/28 days

Lung/56 days Liver/56 days

Number of fungi grxx [ b
15'3*‘ 9‘#
342 23.2

2.7 [:3ee* F-50
4res 3,300 F-25
19.6 19.5 Infected

Infected = infected with 10° P. brasiliensis, F-25 = immunized with 25 pg of hMM fraction and infected with 10° P. brasifiensis.
F-50 = immunized with 50 pg of hMM fraction and infected with 10° P. brasiliensis. (n = 6).

Infected x immunized ***P < 0.001, **P < 0.01, *P < 0.05.

after 56 days, only the mice immunized with hMM
fraction F-50 induced a significant increase in 1gG
levels compared to the infected group (Figure 6B).

Discussion

Because of the toxicity of the antifungal agents in
current use [8, 9], alternative treatment strategies
such as immunotherapeutic procedures become
interesting for the treatment of PCM, a disease
that affects millions of people in Central and South
America [2] and the eighth most common cause of
death from predominantly chronic or recurrent
types of infectious and parasitic diseases in Brazil
[19].

Most investigations concerning protection
against P. brasiliensis have focused on gp43 [10,
11]. Although this is promising, other components
that have not yet been investigated, such as hMM
components, may be important as alternative
candidates for immunotherapeutic procedures or
to improve understanding of the host-parasite
interaction.

In the present work, “in vitro” spleenocytes
proliferation and IFNy production were observed
when spleenocytes from mice infected with
P. brasiliensis were cultured with the hMM frac-
tion, suggesting that hMM antigens could evoke a
cell-mediated immune response, that is the most
relevant defense mechanism in PCM [5, 6,]. Then.
the results stimulated us to investigate the possi-
bility that these fractions can confer protection.

The results demonstrated a lower number of
viable fungi in the lung and liver by CFU, and also
the reduced number of fungal cells in the granu-
lomas in immunized groups in both periods
(28 and 56 days post-infection) by histological
analysis, suggesting the protection activity of
hMM fractions. Moreover, the granulomatous

lesions formed were fewer, smaller, and more
compact and organized in the immunized animals.

The morphology of the granulomatous lesions
is related to the host’s cellular immune response:
the formation of compact granules with few fun-
gus cells is observed in patients with localized
chronic disease, whereas in patients with the acute
form the lesions are generally disorganized. The
same occurs in immunosuppressed animals with
low levels of IFNy, production of Th-2 cytokines
and progressive disease, with the presence of many
disorganized granulomatous lesions [20-22].

Also in concordance, the lower level of soluble
antigen was observed in sera of mice immunized
with the hMM fraction, mainly in the group
immunized with 50 pg of the hMM fraction. The
efficiency of this larger dose could also be seen in
the results of the lung and liver CFU at 28 and
56 days, with higher significance for F-50 than
F-25. Studies with higher doses may provide better
evidence of this effect. The adjuvant used may not
have contributed to the protection, considering
that no difference in the severity of the disease was
observed between the group with adjuvant and the
group without adjuvant (data not shown).

In the present work, we also observed a high
level of IgG to hMM fraction, suggesting that the
hMM fraction contains antigens with T cell as well
as B cell epitopes. The potential efficacy of
humoral immunity in protecting the host against
pathogenic fungi, such as antibodies to Crypto-
coccus neoformans polysaccharides or to Candida
albicans cell wall components [23] and also anti-
gp70 MADbs [13] in experimental PCM, has been
described. On the other hand, the humoral
immune response is considered not protective in
PCM. because a strong humoral response is cor-
related with severity of the disease [24]. Then if the
IgG to hMM fraction participate in protection or
pathogenesis in PCM requires further studies.
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Figure 6. (A) Level of soluble antigen gp-43 (Antigenemia) in the plasma: ELISA plates coated with rabbit IgG anti-gp43 incubated
with diluted plasma (1/10), IgG (mouse Mab) anti-gp43 and with peroxidase-conjugated anti-mouse I1gG. Results are expressed in
optical densities (OD) at 492 nm as mean values and SD. Control = not infected, Infected = infected with 10° P. brasiliensis, Immuni
F-25 = immunized with 25 pg of hMM fraction and infected with 10° P. brasiliensis, Immuni F-50 = immunized with 50 pg of h(MM
fraction and infected with 10° P. brasiliensis. Control or infected x Immuni F-25 or F-50. ***P < 0.001 for 28 days and
++ 4 P < 0.00] for 56 days. a, b and c inside of group for period of infection. (B) Level of IgG anti-hMM fraction: The results of
ELISA expressed as optical densities (OD) were higher in the groups of mice immunized with the hMM fraction (F-25 and F-50) after
28 days, compared to the infected mice. However, after 56 days, only the mice immunized with hMM fraction F-50 induced a
significant increase in IgG levels compared to the infected group.
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The low proliferation of spleenocytes observed
with gp43 is in accordance with literature data [25].
Apoptosis may be one of the mechanisms leading
to hyporesponsiveness [26].

By western blotting Marquez etal. [15]
observed one band (~386 kDa) in hMM fraction.
In this study we observed two high-molecular-mass
bands in hMM fraction by SDS-PAGE. The hMM
fraction is partially purified and may contain other
components in addition to protein, which could
also contribute to protection. This possibility will
be the object of future investigations.

Based on the results of CFU, histopathology
and antigenemia, we conclude that the hMM
fraction shows a protective effect in experimental
PCM in BALB/c mice. However, additional stud-
ies with more extensive time-course observations
associated with mouse strains and fungal isolates
are necessary. Also in order to contribute to
knowledge of protection mechanisms, determina-
tion of the Igs isotypes and subtypes, and further
investigation of cytokines are required.
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