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Abstract

We evaluated the effect of interleukin (IL)-12 on the immune response toBurkholderia mallei in BALB/c mice. Mice were vaccinated with
non-viableB. mallei cells with or without IL-12. There was a seven- to nine-fold increase in IgG2a levels, and a significant increase in the
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roliferative response and interferon (IFN)-� production by splenocytes from mice that receivedB. mallei and IL-12. We saw an increase
urvivors in the groups of mice that receivedB. mallei and IL-12 when challenged, compared to mice that received onlyB. mallei or IL-12.
he results suggest that IL-12 can enhance the Th1-like immune response toB. mallei and mediate limited protection from a lethal challen
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Burkholderia mallei is a Gram-negative, non-motile bacil-
us, which causes glanders primarily in horses, mules, and
onkeys. In the natural host infection by the oral route is

he primary route and by close contact with infected ani-
als. Infection in horses is more often manifested as a slow
rogressive, chronic disease, whereas in donkeys, the dis-
ase usually takes an acute course of infection with death
ccurring within a week to 10 days[1,2]. Early symptoms

n the host may include thirst, fever, shivering, drooping of
he head, tachycardia, weight loss, prostration, and malaise.
nvolvement of the lungs and upper respiratory tract is com-
on and is manifested by a regional or diffuse pneumonia or
leuritis, and a nasal exudate, which is infectious. In infec-

ions by the cutaneous route, regional lymphnodes become
nlarged and indurated (farcy), and may rupture and suppu-
ate. Infections that originate by the oral or cutaneous route
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E-mail address: kei.amemiya@det.amedd.army.mil (K. Amemiya).

can develop into an acute septicemia after the primary in
tion and can quickly lead to death. There is no effec
treatment for glanders in the natural host, and animals
nosed with glanders are isolated and destroyed. In hu
infection by glanders may be through the oral, nasal, oc
or cutaneous routes. Progression of the clinical sympto
similar to those in the natural host and may be present
an acute localized or pulmonary form, or septicemic fata
ness. Also, a chronic lymphangitis and regional adenop
may be seen. In humans, however, usually a combinati
symptoms is observed. The relative ease of infection b
aerosol route was demonstrated in the laboratory a num
years ago[3], and by the cutaneous route just recently[4,5].
Presently, there is no vaccine, so it is important to deve
vaccine for this easily disseminated and infectious agen
recently evaluated the murine immune response to non-v
B. mallei in BALB/c mice and found that a mixed T-helpe
(Th1)-/T-helper 2 (Th2)-like cytokine response was obta
with a Th2-like subclass immunoglobulin (Ig) response[6].
Very little IL-12 and small but significant amounts of int
feron (IFN)-� were expressed, as well as small but signifi
264-410X/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2005.09.021
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amounts of interleukin (IL)-4 and IL-10 were expressed by
stimulated splenocytes obtained from mice vaccinated with
non-viableB. mallei cells. Non-viableB. mallei preparations
did not protect mice against a lethal challenge.

Because BALB/c mice were not protected by inactivated
B. mallei preparations, we decided to evaluate the cytokine
IL-12 as an adjuvant on the murine immune response to
non-viableB. mallei cells. IL-12 can act as an intermedi-
ary signal between the innate and acquired immune response
to the presence of a pathogen[7]. The expression of IL-12 is
induced by the interaction of monocyte/macrophages, neu-
trophils, or dendritic cells with the invading pathogen, in part
through the recognition by these cells of pathogen associ-
ated molecular patterns[8]. IL-12 can induce the expression
of IFN-� predominately by T-lymphocytes and NK cells
and increase cytotoxic activity. The induction of a Th1-
like immune response is crucial to the ability of the host to
enhance the cellular immune response to limit the establish-
ment of bacterial, protozoan, or fungal pathogens[9]. The
requirement of IL-12 to increase resistance to infection was
shown by the neutralization of IL-12 in a number of animal
models[10–18]. Enhancement of resistance to infection was
shown in other studies by the introduction of IL-12 before
or after vaccination or infection[19–26]. Finally, in IL-12-
deficient mice, it was shown that IL-12 is required to maintain
a long-term, Th1-like immune response to intracellular pro-
t
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Research (formerly Genetics Institute, Cambridge, MA),
were included with the non-viable cell-Alhydrogel mixture.
Control mice that did not received anyB. mallei or IL-12, or
only IL-12 was vaccinated with the same amount of Alhy-
drogel (100�g) used in the study group. All mice, includ-
ing controls, were vaccinated twice, 3 weeks apart, and 3
weeks after the second boost[32], and 10 mice from each
group, including from the controls, were challenged i.p. with
1× 108 CFU in 0.5 ml ofB. mallei and then observed for up
to 21 days for survival[33]. The challenge dose was 143 50%
lethal doses (LD50), where 1 LD50 is 7× 105 CFU for 6- to
8-week-old BALB/c mice[33].

Research was conducted in compliance with the Animal
Welfare Act and other federal statues and regulations relating
to animals and experiments involving animals and adheres to
principles stated in theGuide for the Care and Use of Labora-
tory Animals, National Research Council, 1996. The facility
where this research was conducted is fully accredited by the
Association for Assessment and Accreditation of Laboratory
Animal Care International.

2.3. Spleen cell cultures

Spleen cell cultures were prepared 3 weeks after the sec-
ond vaccination boost as previously described[6,34]. Briefly,
two or three spleens from each group were combined into
3 rp,
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. Materials and methods

.1. Bacterial strain and mice

B. mallei ATCC 23344 was grown and prepared as pr
usly reported[6]. Briefly, a suspension of a glycerol sto
as inoculated into 4% glycerol–1% tryptone (Difco, Bec
ickinson, Sparks, MD) broth (GTB) and grown overni
t 37◦C with shaking (250 rpm). After 20–24 h of grow

he cells were pelleted by centrifugation and suspend
terile Hanks’ balanced salt solution (HBSS). Non-via
ells were prepared by exposure to 2.1 megarads of ga
adiation. Sterility of all inactivated cell preparations was
fied by plating an aliquot on GTB agar (Difco) plates. Af
nactivation, the cells were washed three times with H
nd suspended to an appropriate dilution with sterile w
emale, 6- to 8-week-old, BALB/c mice were obtained fr

he National Cancer Institute (Frederick, MD).

.2. Vaccinations and challenges

BALB/c mice in groups of 14–15 were vaccinated sub
aneously with 50�g (equivalent to 1.3× 107 colony forming
nits (CFU)) of non-viableB. mallei cells mixed with 100�g
f Alhydrogel (Brenntag Biosector A/S, Frederikssund, D
ark) [6,31] in a total volume of 0.2 ml. Different amoun
f murine IL-12 (0–1.0�g), a generous gift from Wye
ml of wash medium [RPMI 1640 medium (Invitrogen Co
arlsbad, CA) containing 25 mM HEPES, 2 mM glutam
enicillin (100 U/ml) and streptomycin (100�g/ml)], and
pleen cells were disaggregated with the end of a sterile
yringe handle. After allowing the large particles to settle
upernatant was placed into a 15 ml conical tube and
ion brought up to 12–14 ml with wash buffer. The tube
entrifuged at 1200 rpm for 10 min at room temperature,
he supernatant was discarded. The cells were suspen
.16 M ammonium chloride in 0.01 M Tris–HCl buffer (p
.5) to lyse the red cells, and wash buffer was added to

he reaction. The cells were washed twice and suspe
n RPMI 1640 medium (Invitrogen Corp.) containing 1
etal calf serum, 25 mM HEPES, 2 mM glutamine, 1 m
odium pyruvate, 0.1 mM non-essential amino acids, 50�M
-mercaptoethanol, penicillin (100 U/ml), and streptom
100�g/ml) at a cell concentration of 10× 106 cells/ml.

.4. Proliferation assay

To determine the proliferative response of splenoc
rom mice vaccinated withB. mallei and IL-12, a 50�l aliquot
f a splenocyte suspension (2× 106 cells/ml) was incubate

n a 96-well plate in triplicate with and without non-viab
. mallei cells (10�g/ml) (equivalent to 3.3× 106 CFU) as
reviously described[6]. Concanavalin A (ConA) (5�g/ml)
as included as a control in the assay although the re
re not shown. Duplicate cultures were prepared for
roup of mice. After incubation for approximate 48 h at 37◦C
ith 5% CO2, 1.0�Ci of [3H]thymidine (TdR) at a specifi
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activity of 5 Ci/mmol (Amersham Life Sciences, Arlington
Heights, IL) was added to each well and incubation con-
tinued overnight. Cells were harvested after 18 h[35,36],
and the proliferative response was reported as the amount
of [3H]TdR incorporated± standard deviation (S.D.). Since
there were two samples for each group of mice and each
sample was read in triplicate, the amount of [3H]TdR incor-
porated for each group was reported as the mean of six
readings.

2.5. Cytokine assays

Cytokine expressed in the supernatant of restimulated
splenocyte cultures were determined after approximately
45–48 h of incubation as previously described[6]. Spleno-
cyte cultures were prepared in duplicate from each group
of vaccinated mice. Splenocyte cultures were incubated at
5× 106 cells/ml in 24-well culture dishes with and with-
out non-viable B. mallei cells (10�g/ml)(equivalent to
3.3× 106 CFU) at 37◦C with 5% CO2. The amount of
cytokine expressed was determined by a cytokine capture,
enzyme-linked immunosorbent assay (ELISA) obtained from
BD Pharmingen, (San Diego, CA) and each sample deter-
mined in triplicate. The results were reported as the mean
concentration (picograms) expressed± 1 S.D. Since there
were two samples from each group of mice, and each sample
w ssed
w s the
m kine
E
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t on,
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v e
b anti-
I hnol-

ogy Associates (Birmingham, AL). The results are reported
as the geometric mean of the reciprocal of the highest dilu-
tion giving a mean OD of at least 0.1, which is at least twice
the background, and the standard error (S.E.).

2.7. Statistics

Titer was compared between groups by ANOVA with post
hoc Dunnett’s test. Survival rate was compared by Fisher
exact tests with Bonferroni adjustment. Mean time to death
was compared byt-test with Bonferroni adjustment. Survival
curves were calculated by Kaplan Meier survival analysis
with log-rank tests between groups. Probit analysis was used
to assess effect of titer on survival.P ≤ 0.05 was considered
significant. All statistical analyses were conducted by SAS
Version 9.1.

3. Results

3.1. Enhancement of the murine antibody response to
non-viable B. mallei by IL-12

We examined the effect of varying amounts of IL-12 on the
murine antibody response to non-viableB. mallei. Mice were
vaccinated subcutaneously (s.c.) with 50�g of non-viableB.
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d nega
as set up in duplicate, and the amount of cytokine expre
as performed in triplicate, the results were reported a
ean of 12 sample readings. The sensitivity of the cyto
LISAs was 7.5–15 pg/ml.

.6. Antibody assays

Antibody titers were determined by ELISA as descri
reviously[6]. Two-fold dilutions of antisera were made

riplicate in 96-well, Immulon 2HB plates (Thermo Electr
ilford, MA), which previously contained 50�l of non-

iable, irradiatedB. mallei cells (10�g/ml in 0.1 M carbonat
uffer, pH 9.5). Class or subclass Ig was determined with
g-horseradish peroxidase conjugate (Southern Biotec

able 1
he murine immune response to non-viableB. mallei is differentially enha

roup Treatmenta Antibody titerb

IgG IgM

Alhydrogel <50 696
Bm 1280000 (1.25) 400
Bm + 0.01�g IL-12 1940117 (1.68) 400
Bm + 0.25 ug IL-12 2560000 (1.86) 80
Bm + 0.50 ug IL-12 2228610 (1.30) 22
Bm + 1.00 ug IL-12 2228610 (1.50) 40
0.25 ug IL-12 200 (2.00) 283
1.00 ug IL-12 71 (1.20) 476

a All groups have Alhydrogel included. Bm is non-viableBurkholderia m
b Data are geometric mean (±S.E.). A titer of 50 or less was considere
c When compared toB. mallei (group 2), * isP < 0.05.
d ND is not determined.
allei (groups 2–6), and mice in groups 3–6 also rece
.1–1.0�g of IL-12, while mice in groups 7 and 8 receiv
nly 0.25 or 1.0�g of IL-12, respectively (Table 1). All mice

n the study received Alhydrogel as an adjuvant and w
accinated twice. There was a good IgG and IgM imm
esponses to theB. mallei cells without IL-12 (Table 1, group
) as we previously noted[3]. Adding 0.25�g of IL-12 with
. mallei cells boosted the IgG titer almost two-fold, and

iter remained at the enhanced level with 0.5–1.0�g of IL-12
Table 1, groups 5 and 6). The IgM titer at the same t
aried from one-half to twice the titer as obtained with o
. mallei cells. We were also able to detectB. mallei-specific

gA antibodies in mice from groups 4 and 6, which rece
.25 and 1.0�g of IL-12, respectively (data not shown). Mi

y IL-12

Ratio

IgG1 IgG2a IgG2a/IgG

100 (1.00) 76 (1.19) 0.76
25) 3880235 (1.19) 211121 (1.60) 0.05
0) 6755881 (1.32) 735167 (1.82) 0.11

.46) 3377941 (1.32) 1940117 (1.68)*, c 0.57

.50) 3532108 (1.35) 1470334 (1.58)* 0.42

.46) 1280000 (1.46) 1470334 (1.50)* 1.15
) 50 (1.00) 200 (4.00) NDd

50 (1.00) <50 ND

tive. N is 5 for groups 1–6, and 4 for groups 7 and 8.
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that received only IL-12 (Table 1, groups 7 and 8) gave non-
specific background readings toB. mallei.

We also examined the levels of IgG1 and IgG2a subclass
response toB. mallei as representing a Th2- or Th1-like
immune response, respectively. Without IL-12, there was a
18-fold greater amount of anti-B. mallei IgG1compared to the
amount of anti-B. mallei IgG2a produced (Table 1, group 2).
Adding IL-12 with theB. mallei cells significantly increased
IgG2a levels (Table 1, group 4–6;P < 0.05), until almost an
equal amount of the two Ig subclasses were produced with
the highest amount of IL-12 used. The relationship between
the levels of IgG1 and IgG2a antibody levels with increas-
ing amounts of IL-12 with theB. mallei cells can be seen by
the change in ratio of IgG2a to IgG1 (shown in the last col-
umn in Table 1). Our results show that the murine immune
response toB. mallei cells can be enhanced by IL-12, and
that the IgG2a subclass (a Th1-like antibody) response can
be preferentially enhanced.

3.2. Proliferative response of splenocytes from mice
vaccinated with B. mallei is enhanced by IL-12

We examined the effect of IL-12 on the proliferative
response of splenocytes from mice vaccinated withB. mallei,
B. mallei plus IL-12, or only IL-12. We saw a 5- to 24-fold
increase in the amount of [3H]TdR incorporated when we
c ec-

tive unstimulated splenocytes from all groups of mice (Fig. 1).
Comparing the amount of proliferation between splenocytes
from mice that received non-viableB. mallei only (Fig. 1,
group 2) and splenocytes from mice that receivedB. mallei
and the least amount of IL-12 (0.1�g) (Fig. 1, group 3), there
was a 1.24-fold increase in proliferation. There was a signif-
icant increase (up to 1.9-fold;P < 0.001) in proliferation by
the splenocytes from mice that receivedB. mallei and increas-
ing amounts of IL-12 (0.25–1.0�g), when compared to the
splenocytes from mice that received onlyB. mallei. Spleno-
cytes from mice that received only IL-12 (0.25 or 1.0�g)
were not stimulated. IL-12, therefore, when included with
non-viableB. mallei cells was able to enhance the prolifera-
tive response of splenocytes when compared to splenocytes
from mice that received onlyB. mallei.

3.3. IL-12 can augment the expression of IFN-γ in
response to B. mallei in splenocyte cultures

We further evaluated the effect of IL-12 on the murine cel-
lular immune response toB. mallei by examining the expres-
sion of IFN-� by splenocytes as representative of a Th1-like
cytokine, and the expression of IL-4 and IL-10 by spleno-
cytes as representatives of a Th2-like cytokine. We found
approximately a 1.5-fold increase in the amount of IFN-�
produced by splenocytes from mice treated only with non-
v ed

F eivedB. mal ted
t or with roup,
e
b
i
s
t

omparedB. mallei stimulated splenocytes with the resp

ig. 1. Proliferative response of splenocytes from BALB/c mice that rec
wice s.c. with adjuvant only,B. mallei, B. mallei and 0.1–1.0�g of IL-12,

xcept the groups with only IL-12, where there were four mice per group,
oost. The results are derived from two sets of splenocytes from each group

ncorporated± S.D. For each group of mice, the splenocytes were incubated
ignificant differences in the amount of proliferation when comparing the am
hat receivedB. mallei and 0.25–1.0�g of IL-12 (*** P < 0.001).
iable B. mallei compared to cells from mice that receiv

lei (Bm) with or without increasing amounts of IL-12. Mice were vaccina
IL-12 only. All groups received adjuvant. There were five mice per g
and spleens were processed as described in Section2, 30 days after the second
, performed in triplicate, and reported as the mean of the amount of 3H-thymidine
with media only or with non-viableB. mallei cells (10�g/ml). There were only

ount between the groups of mice that received onlyB. mallei and those that mice
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Fig. 2. Amount of cytokine expressed in the supernatant of splenocytes from
mice that were vaccinated with adjuvant only,B. mallei,B. mallei and varying
amounts of IL-12, or with IL-12 only. All groups received adjuvant. There
were five mice per group, except the groups with only IL-12, where there
were four mice per group, and spleens were processed as described in Section
2, 21 days after the second boost. Splenocytes incubated with media only or
with non-viableB. mallei cells (10�g/ml) for 45 h. The results are from two
sets of splenocytes from each group. Cytokine analysis was performed in
triplicate from each set of samples as described in Section2. The results are
reported as the mean of the amount of cytokine expressed± S.D. (error bars).
The amount of cytokine expressed for (A) IFN-�, (B) IL-4, and (C) IL-10.
There were significant differences in the amount of cytokine expressed by
stimulated splenocytes, when compared with stimulated splenocytes from
mice vaccinated withB. mallei only: * P < 0.05;** P < 0.01;*** P < 0.001.

only adjuvant (Fig. 2A). We found at least a 3.5- to 5.5-fold
increase in the amount of IFN-� in stimulated splenocyte
cultures prepared from mice that received bothB. mallei and
IL-12 when compared with cultures of cells from mice that
received onlyB. mallei cells (Fig. 2A; P < 0.05 to <0.001)).
There was minimal expression of IFN-� from splenocytes
prepared from mice that only received IL-12 upon restimu-
lation with non-viableB. mallei cells. We then examined the
amount of IL-4 in the same splenocyte cultures and found that
cells from mice that receivedB. mallei orB. mallei and 0.1�g
of IL-12 produced more IL-4 than the respective unstimulated
splenocytes (Fig. 2B). However, splenocytes from mice that
received higher amounts of IL-12 (0.25–1.0�g), expressed
less IL-4 than the same splenocytes that were unstimulated.
When we examined the amount of IL-10 that was present

under the same conditions (Fig. 2C), we found that with the
addition of increasing amounts of IL-12 to theB. mallei cells
in the vaccination treatment, there was a slight increase the
amount of IL-10 produced by theB. mallei stimulated spleno-
cytes, and a significant amount at 0.25�g of IL-12 (P < 0.01).
Splenocytes from mice that received only IL-12 produced
similar or less amounts of cytokines than splenocytes from
mice that received only adjuvant after restimulation. In con-
clusion, both Th1- and Th2-like cytokines are produced in
response to non-viableB. mallei, but the inclusion of IL-12
appeared to generally augment the expression of the Th1-like
cytokine more than the Th2-like cytokines.

3.4. IL-12 mediates partial protection from a lethal
challenge in B. mallei vaccinated mice

Since IL-12 enhanced both the humoral and cellular
immune response to non-viableB. mallei, we examined the
ability of IL-12 to mediated protection from a lethal challenge
of B. mallei. Mice were vaccinated with non-viableB. mallei
and varying amounts of IL-12 (Table 1) and challenged with
143 LD50 of B. mallei i.p. and were observed for 21 days post-
challenge (Fig. 3). No mice survived (0/10) from the group
of mice that received adjuvant only (group 1), non-viableB.
mallei only (group 2), or IL-12 only (groups 7 and 8). In
these cases, the majority of mice died within 2–5 days after
c ese
m ble
B tter
a here
w ivors
i the
n ,
t two
g the
l all
g with
B -12
c that
a

4

on-
e ed
n
[ imal
p o-
c n
c the
a e
B on-
s B/c
m and
c e
hallenge. The mean survival time (MST) in days for th
ice was 2.6 (±S.E. 0.2–0.4). Mice that received non-via
. mallei and 0.1–1.0 ug of IL-12 (groups 3–6) were be
ble to survive the lethal challenge (2–6/10 survivors). T
as a significant difference between the number of surv

n group 3 and 5 (P < 0.05) when they were compared to
umber of survivors in group 2 (B. mallei only). Furthermore

here was a notable increase in the MST of mice in these
roups (13.6± 2.8–2.9). In spite of being able to survive

ethal challenge, however, the spleens of survivors from
roups were generally enlarged and all heavily infected
. mallei (data not shown). It, therefore, appears that IL
an mediate partial protection, albeit not sterile, to mice
re vaccinated with non-viableB. mallei cells.

. Discussion

In our previous study with capsulated or n
ncapsulated,B. mallei cells as a vaccine, we found it offer
o protection from a lethal challenge of liveB. mallei cells

6]. We had also previously shown that there was min
roliferation and IFN-� expression by restimulated splen
ytes from mice that received onlyB. mallei antigen, whe
ompared to splenocytes from mice that received only
djuvant[6]. With the addition of the cytokine IL-12 with th
. mallei cells in the present study, we were able to dem
trate limited efficacy against a lethal challenge in BAL
ice. IL-12 affected both the overall murine humoral

ellular response toB. mallei cells. Similar results on th
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Fig. 3. Survival of mice vaccinated twice with adjuvant only, non-viableB. mallei cells with and without IL-12, or with IL-12 only after a lethal challenge.
Mice were challenge (10 mice per group) i.p. with 1× 108 B. mallei cells (154 LD50) 21 days after the second vaccination boost and observed for 21 days.
There was a significant difference in the number of survivors in groups of mice that receivedB. mallei + 0.1 ug of IL-12 (P < 0.05) orB. mallei + 0.5 ug of IL-12
(P < 0.05), when compared to the number of mice that survived in the group of mice that received onlyB. mallei. The results were compiled from two studies
with 10 mice in each group, and similar results were obtained.

effect of IL-12 on the humoral and cellular immune response
had been reported previously with a different antigen[34].
There was an enhancement of the IgG antibody titer and a
differential effect on the production of Ig subclass IgG1 and
IgG2a antibody levels with increasing amounts of IL-12. We
also saw an increase in the proliferative response of spleno-
cytes from mice that received both the antigen and IL-12,
although we cannot completely discount some of the recall
response to the presence of lipopolysaccharide (LPS) in our
antigen preparation. In addition, we cannot rule out the pos-
sibility that IL-12 can potentiate the effect of LPS, since both
can stimulate the innate immune system. At the same time,
there was a differential augmentation of the expression of
IFN-� over that of IL-4 and IL-10 induced by IL-12. Our
results suggest that the combination of enhanced antibody
production and augmented expression of IFN-� induced by
IL-12 leading to a Th1-like immune response was responsi-
ble for the significant but partial protection of the mice from
the lethal challenge, although this protection was not sterile.
Further, the enhancement of the immune response toB. mallei
by IL-12 depended on the presence of both the antigen and
IL-12, since neither by themselves provided protection from
the challenge. These results reflect the role of IL-12 as an
immune modulator that affected the innate immune response
to the antigen[7]. In addition, under the conditions used in
the present study, we would not see an effect of IL-12 by
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expression of IFN-� appeared to be mediated by NK cells, as
shown by an antibody that neutralized the cytotoxic function
of NK cells. In a study withMycobacterium tuberculosis,
Lindbland et al.[20] showed that inclusion of IL-12 with
other adjuvants andM. tuberculosis antigens induced a pro-
tective immune response, the extent of which was dependent
on the concentration of IL-12. Mahon et al.[21] demonstrated
that IL-12 increased the efficacy of aBordetella pertussis
acellular vaccine that was reflected in an increase in cellu-
lar proliferative response, IFN-� expression, and protection.
In the case with the intracellular bacteriumListeria mono-
cytogenes, Miller et al. [23] used a heat killed cellular or
soluble antigen with IL-12 to elicit a protective immune
response. They saw an increase in IL-2 and IFN-� expres-
sion in peritoneal T-cells, an increase in CD3+ and�� TCR+

cell populations, and an increase in MHC-II expression and
IL-12 expression by restimulated peritoneal macrophages.
Wynn et al. in two separate studies[25,26] showed that IL-
12 used either in a single or multiple vaccination regime
with radiation attenuated cercariae ofSchistosoma mansoni,
a trematode worm, resulted in an increase in immunity to
infection in mice. In both studies, a Th1-like humoral and
cellular response was developed toward the irradiated cer-
cariae and was dependant upon the administration of IL-12
with the antigen.

In studies with a closely related species, Santanirand et al.
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tself because of the temporal aspect of the innate imm
esponse.

In other animal model systems, the use of IL-12 a
djuvant with a specific antigen induced an overall a pro

ive response, which was characterized by the develop
f a Th1-like immune response[15,19,20,23,25,26]. Afonso
t al.[19] found that the combination of leishmanial antig
nd IL-12 led to the development of specific CD4+ Th1-like
ells that subsequently resulted in resistance to infection
eishmania major. There was an increase in IFN-� expres
ion and simultaneous decrease in IL-4 production.
37] found that resistance to infection byB. pseudomallei, the
ausative agent for melioidosis, in an outbred mouse m
as dependant on the expression of IFN-�. The requiremen

or IFN-� was shown by the administration of a neutra
ng monoclonal antibody at the time of infection. Besi
FN-� they found that resistance to infection also requ
he expression of IL-12 and TNF-� but not GM-CSF. In
ollow up study Lertmemongkolchai et al.[38] found tha
K and CD8+ T-cells and not CD4+ T-cells were the primar
ource for the production of IFN-� in response to infection b
. pseudomallei. Neutralizing antibodies to IL-12 or IL-1
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inhibited the expression of IFN-� by NK and CD8+ T-cells,
and a monoclonal antibody to TNF-� had only a partial affect.
Expression of IFN-� by NK cells occurred quickly after infec-
tion (5 h) while CD8+ T-cells expressed IFN-� 15 h after
infection. In addition, it was shown that the CD8+ T-cells
producing IFN-� were predominately activated (CD44high)
in response to the infection.

In other studies with an infection model withB. pseudoma-
llei with susceptible BALB/c mice and the relatively resistant
C57BL/6 mice, it was found that there was an increase in both
Th1- and Th2-like cytokines 24–36 h after infection. How-
ever, in BALB/c mice, the level of expression of some of these
cytokines including IFN-� was greater than in C57BL/6 mice,
which was interpreted as a possible role for endotoxic shock
and a cytokine-mediated immunopathology in the develop-
ment of melioidosis[39]. It was further found that the mixed
Th1- and Th2-like cytokine response induced by highly vir-
ulent and less virulent strains ofB. pseudomallei, correlated
with partial cross-protection between the two strains in mice
previously immunized with the less virulentB. pseudomallei
candidate vaccine strain[40].

In our studies with IL-12 and non-viableB. mallei cells,
it appeared that the expression of IFN-� was in part respon-
sible for the partial protection from a lethal challenge. We
would like to continue our studies to determine what type of
immune cells are responding to the presence of IL-12 and
t
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[7] Trinchieri G. Interleukin-12 and the regulation of innate resistance
and adaptive immunity. Nat Rev Immunol 2003;3:133–46.

[8] Medzhitov R, Janeway CA. Innate immunity: the virtues of a non-
clonal system of recognition. Cell 1997;91:295–8.

[9] Lucey DR, Clerici M, Shearer GM. Type 1 and type 2 cytokine
dysregulation in human infectious, neoplastic, and inflammatory dis-
eases. Clin Microbiol Rev 1996;9:532–62.

[10] Anguita J, Persing DH, Rincon M, Barthoid SW, Fikrig E. Effect
of anti-lnterleukin 12 treatment on murine lyme Borreliosis. J Clin
Invest 1996;97:1028–34.

[11] Bohn E, Autenrieth IB. IL-12 is essential for resistance against
Yersinia enterocolitica by triggering INF-� production in NK cells
and CD4+ T cells. J Immunol 1996;156:1458–68.

[12] Cooper AM, Roberts AD, Rhoades ER, Callahan JE, Getzy DM,
Orme IM. The role of interleukin-12 in acquired immunity to
Mycobacterium tuberculosis infection. Immunology 1995;84:423–
32.

[13] Gazzinelli RT, Hieny S, Wynn TA, Wolf S, Sher A. Interleukin 12 is
required for the T-lymphocyte-independent induction of interferon-�

by an intracellular parasite and induces resistance in T-cell-deficient
hosts. Proc Natl Acad Sci USA 1993;90:6115–9.

[14] Greenberger MJ, Kunkel SL, Strieter RM, Lukacs NW, Bramson J,
Gauldie J, et al. IL-12 gene therapy protects mice in lethalKlebsiella
pneumonia. J Immunol 1996;157:3006–12.

[15] Mastroeni P, Harrison JA, Chabalgoity JA, Hormaeche CE. Effect of
feron

[ tion
.

[ B.
of

ercel-
uman

[ and
bac-
un

[ G,
ainst

[ ant
cines.

[ o-

ne by
01.

[ of
2. J

[ ns
nses

l

[ ll-

unol
he antigen. It is not clear at this time, if IFN-� produc-
ng NK cells or CD4+ or CD8+ T-cells are responsible f
he limited protection provided by IL-12 andB. mallei cells.
urthermore, we can evaluate the role of IL-10 in the lim
rotection we saw with IL-12, since IL-10 has been linke
uppression of Th1-like cytokine synthesis. Understan
he nature of the immune response under these cond
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