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Abstract

Despite our current knowledge of the immunology, pathology, and genetics of Anaplasma marginale, prevention in
cattleis currently based on old standbys, includinglive attenuated vaccines, antibiotic treatment, and maintaining enzootic
stability in cattle herds. In the present study, we evaluated the use of an immunostimulant complex (ISCOMATRIX)
adjuvant, associated with a pool of recombinant major surface proteins (rMSP1a, rtMSP1b, tMSP4 and tMSP5) to
improve the humoral immune response triggered in calves mainly by IgG2. Ten calves were divided in three groups:
4 calves were inoculated with the ISCOMATRIX/rtMSPs (G1); 2 calves were inoculated with ISCOMATRIX adjuvant
(G2); and 4 calves received saline (G3). Three inoculations were administered at 21-day intervals. In G1, the calves
showed significant increases in total IgG, IgG1 and IgG2 levels 21 days after the second inoculation, compared to
the control group (p < 0.05), and G1 calves remained above the cut-off value 28 days after the third inoculation
(p < 0.05). The post-immunized sera from calves in G1 reacted specifically for each of the rtMSPs used. In conclusion,
the ISCOMATRIX/rMSPs induced antigen-specific seroconversion in calves. Therefore, additional testing to explore
the protection induced by tMSPs, both alone and in conjunction with proteins previously identified as subdominant
epitopes, is warranted.
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Resumo

Apesar dos avangos da imunologia, patologia e genética de Anaplasma marginale, a prevencio em bovinos ainda
¢ baseada nas vacinas vivas atenuadas, na terapia com antibidtico e estabilidade enzoética dos rebanhos bovinos.
No presente estudo, avaliou-se 0 uso de um complexo imunoestimulante ISCOMATRIX), associado as proteinas
recombinantes de superficie (rMSP1la, rMSP1b, tMSP4 e rMSP5) para melhorar a resposta imune humoral
desencadeada em bezerros, principalmente por IgG2. Dez animais foram divididos em trés grupos: 4 bezerros foram
inoculados com o ISCOMATRIX/rMSPs (G1), 2 bezerros foram inoculados com ISCOMATRIX adjuvante (G2) e
4 bezerros receberam salina (G3). Trés doses vacinais foram administradas em intervalos de 21 dias. No G1, os bezerros
apresentaram aumentos significativos nos niveis de IgG total, IgG1 e IgG2 21 dias apds a segunda inoculagio, em
comparagio com o grupo de controle (p <0,05). Nos bezerros do G1 esses niveis de anticoprpos permaneceram acima
do ponto de corte 28 dias apds a terceira inoculagio (p < 0,05). Os soros pds-imunizacio de bezerros do G1 reagiram
especificamente com cada uma das tMSPs utilizadas. Em conclusio, o0 ISCOMATRIX/rMSPs induziu soroconversao
antigeno-especifica em bezerros. Portanto, se justifica a realizagio de ensaios adicionais para explorar a protegao induzida
pela tMSPs, tanto sozinhas como em conjunto com novas proteinas identificadas com epitopos subdominantes.
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Introduction

Anaplasma marginale, of the family Anaplasmataceae, is an
obligate intraerythrocytic bacterium that causes bovine anaplasmosis
(DUMLER et al., 2001). Transmission of A. marginale to cattle
occurs biologically by ticks and mechanically by biting flies and
by blood-contaminated fomites. Both male ticks and cattle hosts
can become persistently infected with A. marginale, serving as
reservoirs of infection (KOCAN et al., 2010). This disease is
responsible for serious economic losses, mainly in tropical and
subtropical regions, due to fever and hemolysis with associated
severe anemia, which results in high rates of morbidity and
mortality in susceptible animals (RICHEY; PALMER, 1990). The
use of vaccines have been suggested as an alternative to control
the disease; however, the commercially available vaccines consist
of live or dead organisms, and the present limitations consist
of the need for cryopreservation, insufficient efficacy, and the
possibility of induction of iso-antibodies against erythrocytes
that are transferred by colostrum, resulting in isoerythrolysis at
birth (KUTTLER, 1984).

Six major surface proteins (MSPs) of A. marginale have been
well characterized as MSP1a, MSP1b, MSP2, MSP3, MSP4, and
MSP5 (PALMER et al., 1989; TEBELE et al., 1991; OBERLE et al.,
1993; ALLEMAN; BARBET, 1996; VISSER et al., 1992). These
proteins are responsible for the interaction of A. marginale with
host cells, and they include adhesion proteins and MSPs from
multigene families (PALMER et al., 1999, KOCAN et al., 2010).
MSP1a, MSP4, and MSPS5 are present and have been conserved
in many Brazilian isolates of A. marginale (KANO et al., 2002),
suggesting their potential use as components for a recombinant
protein vaccine for anaplasmosis.

Recently, in addition to the well-characterized major surface
proteins MSP1 through MSP5, other proteins, classified as
immunologically ‘subdominant’ antigens, have been identified
as protective antigens of the type IV secretion system (TFSS)
(LOPEZ etal., 2005, 2007). Sera from cattle experimentally and
naturally infected with A. marginale have recognized recombinant
VirB9, VirB10, and other sub-dominant antigens, which stimulate
the production of IgG2, proliferation of T-lymphocytes and secretion
gamma interferon (LOPEZ et al., 2007; ARAU]O etal., 2008),
suggesting the inclusion of these proteins in the development of
vaccines against A. marginale.

The use of new generation vaccines, particularly those based
on recombinant proteins and DNA, has demonstrated less adverse
reactions compared to conventional vaccines; however, their
immunogenic activity is reduced (SINGH; O’HAGAN, 2002).
Preliminary studies, using recombinant plasmids of the PR1
strain of A. marginale (pcDNA-mspla, pcDNA-msp1b, pcDNA-
msp4, and pcDNA-msp5), have demonstrated good immune
humoral and cellular responses in BALB/c mice (KANO et al.,
2008). The association of these recombinant plasmids during
the immunization of mice resulted in elevated antibody titers
when analyzed by ELISA, reacted with the recombined proteins
(tMSP1a, tMSP1b, and tMSP5) of A. marginale by Western blot,
and induced strong proliferation of T lymphocytes (KANO et al.,
2008). Additionally, the humoral immune response of BALB/c
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mice to recombinant MSPs (rMSPs) (MSP1a, MSP1b, MSP4,
and MSP5), incorporated into immunostimulant complex
(ISCOM), induced the production of specific antibodies to each
rMSP (KAWASAKI et al., 2007b). Thus, the aim of this study
was to evaluate the humoral immune response in calves using
adjuvant ISCOMATRIX and rtMSPs (tMSP1a, tMSP1b, tMSP4
and rMSP5) of Anaplasma marginale (PR1 strain).

Materials and Methods

The study was approved by the Ethics Committee for Animal
Experimentation and Animal Welfare at the Londrina State
University, Parand State, Brazil (CEEA number 47/05).

Expression of MSP genes and purification of recombi-
nant MSPs proteins

Escherichia coli BL21 Star (DE3) One Shot cells (Invitrogen
Life Technologies, Sao Paulo, BRA) were transformed with the
recombinant plasmids pET102-MSP1a, pET102-MSP1b, pET102-
MSP4 and pET102-MSP5 to produce recombinant MSP1a and
MSP1b (TAMEKUNI et al., 2009), MSP4 (KAWASAKT et al.,
2007a) and MSP5 (MARANA et al., 2009) as a fusion product
with 6His. The transformants were grown in Luria Bertani (LB)
medium to an optical density (OD) of OD,; 0.7, and Isopropil-
thio-D-Galactoside (IPTG) was added to a final concentration
of 1 mM. Bacteria were harvested at 5 h post-induction by
centrifugation; pellets were re-suspended in lysis buffer, and
expression was analyzed from soluble and insoluble fractions on 12%
SDS-PAGE gels. The culture of induced bacteria was centrifuged
and lysed by sonication. The suspension was then centrifuged
and the supernatant utilized for protein purification using the
Ni-NTA resin columns method (Qiagen, Valencia, CA, USA);
protein concentrations were determined as previously described
(BRADFORD, 1976). The induced tMSP1a and MSP1b proteins
(74 kDa and 100 kDa) were purified under native conditions
(TAMEKUNI et al., 2009), and MSP4 and MSP5 (47 kDa and
31 kDa) were purified as described by Kawasaki et al. (2007a).

ISCOMATRIX/MSP preparation

The ISCOMATRIX adjuvant was prepared and examined, using
negative staining transmission electron microscopy, to confirm
the formation of characteristic vesicles, as previously described
(KAWASAKI et al., 2007b). ISCOMATRIX/tMSPs were prepared
by a previously described technique (KAWASAKI et al., 2007b).
The ISCOMATRIX/tMSPs were produced by the addition of
200 ug of each rtMSP (tMSP1a, tMSP1b, tMSP4 and tMSP5)
(1:1) to the adjuvant.

Inoculation

The animals were kept in three separated cattle pens and were
fed silage and concentrate twice per day and water ad libidum. The
calves were sprayed weekly with deltamethrin (Butox, Chemo)



v. 22, n. 2, abr.-jun. 2013

to keep them free from ticks and biting flies. At the start of the
experiment, all of the calves were approximately 240 days old
and were determined to be free of A. marginale infection by PCR
(LEW et al., 2002).

Ten calves were randomly divided into three groups: Four calves
in group G1 were inoculated with the ISCOMATRIX/rMSPs,
two calves in group G2 were inoculated with the ISCOMATRIX
adjuvant, and four calves in group G3 were inoculated with
saline. The inoculations were administered intramuscularly at
days 0, 21, and 42.

Monitoring of the experimental groups

Before each inoculation, the animals were bled, the serum was
separated, the rectal temperature was recorded, the packed cell
volume (PCV) was determined, and the titer of antibodies was
analyzed by indirect enzyme immunoassay (iELISA).

Antibody assays

Detection of anti-A. marginale total IgG, IgG1 and 1gG2
antibodies was performed by iELISA. Optimal dilutions were
established using checkerboard titrations, with dilutions of sera,
antigen, and conjugates. Into each well of ELISA plates (Nunc-
Immuno™ Maxisorp, Nunc, Roskilde, Denmark) were added
100 uL of A. marginale (strain PR1) initial bodies (10 pg/mL)
diluted in sodium carbonate-bicarbonate buffer (0.05 M, pH
9.6). After overnight incubation at 4 °C, the plates were washed
with PBS containing 0.05% Tween-20 (GE Healthcare, USA)
(PBS-Tween pH 7.4). For total IgG, the plates were blocked for
1 hour at 37 °C using 200 pL of 8% non-fat dry milk and were
washed five times with PSB-Tween (pH 7.4) in an automatic
microplate washer (Bio-Rad ImmunoWash, California, USA).
For IgG1 and IgG2 antibodies, the plates were blocked using
200 L of 8% horse serum. For total IgG, serum samples were
diluted (1:400) in PBS-Tween (pH 7.4) plus 5% rabbit normal
sera, and 100 UL were added in duplicate to each well and then
incubated at 37 °C for 90 minutes. For IgG1 and IgG2 antibodies,
serum samples were diluted (1:200) in PBS-Tween (pH 7.4) plus
5% horse serum, and 100 UL was added in duplicate to each well
and incubated at 37 °C for 1 hour. Positive and negative control
sera were included in each plate. ELISA plates were washed five
times with PSB-Tween (pH 7.4) in an automatic microplate
washer (Bio-Rad ImmunoWash). Rabbit anti-bovine IgG alkaline
phosphate conjugate (Sigma Aldrich Inc., St. Louis, MO, USA),
diluted 1:20.000 in PBS-Tween (pH 7.4), was added (100 pL) to
each well and incubated at 37 °C for 90 minutes. For IgG1 and
IgG2 antibodies, two secondary antibodies were used: horseradish
peroxidase-labeled sheep anti-bovine IgG1 (Bethyl™ Laboratories,
Montgomery, TX, USA) and sheep anti-bovine IgG2 (Bethyl™
Laboratories), diluted 1:10,000 and 1:15,000, respectively, in
PBS-Tween (pH 7.4). Then, they were added (100 UL) to each
well and incubated at 37 °C for 1 hour. The plates were then
washed five times with PBS-Tween (pH 7.4) in an automatic
microplate washer (Bio-Rad ImmunoWash), and 100 puL of
o-phenylenediamine (OPD) (Sigma-Aldrich) solution was added
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in a concentration of 0.4 mg/mL using appropriate diluents with
hydrogen peroxide. The reaction was interrupted by adding 50
pL of 1N HCI, and the OD reading at 490 nm was obtained
using an ELISA reader (iMark™ Microplate Absorbance Reader,
Bio-Rad Inc., Hercules, CA, USA).

The absorbance values were estimated, and the OD values
were calculated as previously described (GARCIA et al., 2006). A
serum was considered to be positive when OD sample > OD mean
from negative control sera (n=10) + 3 SDs (standard deviation)
from the negative control.

Western blot analysis

The recombinant proteins tMSP1a, tMSP1b, tMSP4 and
rMSP5 were electrophoresed and transferred, and the membranes
were blocked, as previously described (KAWASAKI et al., 2007b).
The membranes were incubated for 1 hour with a post-inoculation
pool of serum from G1, diluted (1:500) in PBS-Tween plus 5%
non-fat dry milk. The membranes were washed and incubated
with peroxidase-labeled protein G (1:1,000) for 1 hour at room
temperature. The peroxidase activity was demonstrated using
3,3’-diaminobenzidine (DAB) (ACROS-Organics, New Jersey,
USA). Protein molecular weight markers (BenchMark™ Invitrogen
Life Technologies, Carlsbad, CA, USA) were used as standards.

Statistical analysis

The data were first tested for normality and homogeneity of
variances, and if they did not present normal distribution, they were
analyzed by nonparametric statistical tests. Differences between
groups at each moment were verified by the Kruskal-Wallis test,
followed by Dunn’s multiple comparison test. Statistical analysis
was considered significant when p < 0.05. Data were analyzed
using BioEstat software, version 5.0 (AYRES et al., 2007).

Results

Seroconversion

The data for total IgG obtained by iELISA are shown in Figure 1.
Calves from G1 showed a significant increase in total IgG levels 21
days after the second inoculation, compared to the control group
(p = 0.0368), and the levels remained above the cut-off value 28
days after the third inoculation (p = 0.0379). Animals from G2
and G3 presented median OD values for total IgG below the
cut-off value until 28 days after the third inoculation (Figure 1).

The data for IgG1 obtained by iELISA are shown in Figure 2.
Calves from G1 showed a significant increase in IgG1 levels
21 days after the second inoculation, compared to the control
group (p = 0.0379), and the levels remained above the cut-off
value 28 days after the third inoculation (p = 0.0364). Animals
from G2 and G3 presented median OD values for IgG1 below the
cut-off value until 28 days after the third inoculation (Figure 2).
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Figure 1. Median optical density (OD) values of total IgG obtained
by indirect ELISA from calf groups submitted to the different
inoculation protocols, DO-Day of the first dose of inoculation;
D21-21 days after the first inoculation; D42-21 days after the second
inoculation; D70-28 days after the third inoculation.

141 e G1(SCOMATRIX/IMSPS)
® G2 (SCOMATRIX adjuvant)
N X
12 4 G3 (Negative control) /.\
/ \\

£
€ 1.0 - 4 N
o
(=]
<
é- 0.8 -
‘@
&
S 06
© 4
2
g 04
(o]

02 === T T T T T T TR T T T s

0.0 + T T T

DO D21 D42 D70

Days after inoculation

Figure 2. Median optical density (OD) values of IgG1 (solid line)
and IgG2 (dash line) obtained by indirect ELISA from calf groups
submitted to the different inoculation protocols, DO-Day of the first
inoculation; D21-21 days after the first inoculation; D42-21 days
after the second inoculation; D70-28 days after the third inoculation.

The data for IgG2, obtained by indirect ELISA, are shown
in Figure 2. Animals from G1 presented humoral responses
21 days after the second inoculation, compared to the control
group (p = 0.0322), and remained above the cut-off value 28 days
after the third inoculation (p = 0.0322). Calves from G2 and G3
presented median OD values for IgG2 below the cut-off value
during the entire study (Figure 2).

Western blot analysis

Western blot results, using a pool of sera of calves from Gl1,
are shown in Figure 3. The post-inoculation sera of animals from
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Figure 3. Reactivity of sera of calves inoculated with ISCOMATRIX/
MSPs, by Western blot. (A) rMSP1a-74kDa; (B) tMSP1b-100 kDa;
(C) tMSP4-47 kDa; (D) tMSP5-31 kDa. Lane 1. BL21; Lane 2.
BL21 not induced; Lane 3. BL21 induced; Lane 4. Purified protein.

G1 reacted specifically for each tMSP used: tMSP1a (74 kDa),
rMSP1b (100 kDa), rtMSP4 (47 kDa) and rMSP5 (31 kDa)
(Figure 3). None of the pre-inoculation and post-inoculation sera
of calves from G2 and G3 exhibit any reactivity.

Discussion

Prevention of anaplasmosis in cattle is currently limited
and is based on the use of several classic methods: live vaccines,
which are not available worldwide; antibiotic therapy, which is
expensive; and acaricide control of the tick vector, which can induce
resistance (SUAREZ; NOH, 2011). Protection against bovine
anaplasmosis has been the target of several studies (LOPEZ et al.,
2007; PALMER etal., 2011; DARK et al., 2011; LASMAR et al.,
2012). Although previous studies have shown that the A. marginale
subsp. centrale provides some protection against A. marginale
strains (ANZIANI et al., 1987, VIDOTTO et al., 1998), others
have shown partial protection with low efficacy against strains
from Australia, South America, and Africa (BRIZUELA et al.,
1998; TURTON et al., 1998, BOCK; DE VOS, 2001), In
addition, subsequent reinfection with a high parasite load can not
prevented (SHKAP et al., 2008). The basis of immunization against
A. marginale with the A. marginale subsp. centrale is induction
of an IgG2 response against a set of common outer membrane
proteins (OMPs) expressed by both parasites (AGNES et al.,
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2011). However, antibodies are not induced to MSPs 1-3, as
there is low sequence conservation, nor to MSPs 4 or 5, despite
high sequence identity.

These observations and the observation that the use of subunit
vaccines indicates an induction of partial immunity against
challenge (PALMER; McELWAIN, 1995), inspired the present
study. Here, ISCOMATRIX was used as an adjuvant, together with
rMSPs (rtMSP1a, tMSP1b, tMSP4, and tMSP5) of A. marginale.

ISCOMATRIX is a cage-like structure composed by
saponin (purified fraction of Quillaja saponin), cholesterol, and
phospholipids, and it possesses immunomodulatory and antigen
delivery capabilities and facilitates antigen presentation to antigen-
presenting cells, such as DCs, induction of DC maturation,
recruitment of immune cells to draining lymph nodes via cytokine
and chemokine induction, and activation of both the innate and
adaptive immune systems (MORELLI et al., 2012). Heifers
vaccinated with Staphylococcus aureus plus ISCOMATRIX showed
significantly higher levels of anti-bacterin, IgG and IgG2 in sera than
animals immunized with AI(OH), (CAMUSSONE et al., 2013).

In the present study, calves immunized with ISCOMATRIX/
rMSPs showed a peak of antibodies 21 days after the second
inoculation, with antibody levels for total IgG, IgG1 and IgG2
remaining significantly above the cut-off value until 28 days after
the third inoculation. However, a decrease in antibody levels for I[gG
subtypes was observed 28 days after the third inoculation, suggesting
that two inoculations might be adequate to raise antibody titers.
Significant increases were also observed in IgG1 and IgG2 levels
in all of the cattle inoculated with ISCOMATRIX/rMSPs (G1),
compared to the control groups (G2 and G3) (p < 0.05). These
data are in agreement with the results of a previous study, which
found high IgG2 titers in cattle immunized with A. marginale
outer membrane proteins (BROWN et al., 1998). The results
obtained herein suggest that a mixed profile of immune response
might occur 77 vivo after inoculation with rMSPs.

ISCOMATRIX/rMSPs induced the production of specific
antibodies to each rMSP, as demonstrated by Western blot (Figure 3).
Similar results were found when BALB/c mice were immunized
with the same recombinant proteins (KAWASAKI et al., 2007b).
In that study, it was suggested that a subunit vaccine containing
rMSPs could be efficient in initial infection with A. marginale.
Major surface protein 1a (MSP1a) and MSP1b occur as naturally
complexed OMPs in the A. marginale outer membrane, and T-cell
epitopes from MSP1a bound to MSP1b induced higher IgG titers
against MSP1b (MacMILLAN et al., 2008). Additionally, it has
been widely reported that clearance of A. marginale is dependent
on high titers of [gG2-specific antibodies in cattle (BROWN et al.,
1998; PALMER et al., 1999).

Conclusion

In conclusion, ISCOMATRIX/tMSPs induced an antigen-
specific humoral immune response against MSPs of A. marginale,
with the production of high levels of total IgG, IgG1 and IgG2
antibodies in immunized calves. The next step is to evaluate the
protection afforded by tMSPs, including the use of new proteins
previously detected as sub-dominant antigens, individually and
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collectively associated with adjuvant ISCOMATRIX against
A. marginale strain challenges.
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