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The activation and nuclear translocation of NF-B and the expression of the pro-inflammatory cytokine 
genes by macrophages infected with the attenuated Brucella abortus RB51 and virulent 2308 strains 

were evaluated. pIBα and NF-B were determined by immunoblot, and cytokines IFN- and IL12 mRNA 

were determined by reverse transcriptase polymerase chain reaction (qPCR) and translocation of NF-B 
protein to the nucleus was determined by electrophoretic mobility shift assay (EMSA). We demonstrate 

that the attenuated B. abortus RB51 strain stimulates cells resulting in NF-B activation and nuclear 
translocation, during experimental infection in macrophages J774A.1 which induced a pro-inflammatory 
response producing IL-6, 12 TNF-s INF-g and iNOS. The virulent strain B. abortus 2308 also stimulated 

the cells but induced a p50 homodimer of NF-B which is inactive. The p50 homodimer of NF-B binds 
to DNA, and thus blocked the activation of pro-inflammatory cytokines genes. Therefore, an evasion 

mechanism of the strain 2308 is to produce an inactive homodimer of NF-B which does not give rise to 
pro-inflammatory response to eliminate the bacteria. 
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INTRODUCTION 
 
Toll-like receptors (TLR) are membrane molecules that, 
upon engagement of pathogen associated molecular 
patterns (PAMP) induce signal transduction pathway 
through adaptor molecules, such as the myeloid 
differentiation protein MyD88, IRAK, and TRAF6. This 
signaling leads to activation of the pro-inflammatory 
response. Activation of the MyD88-dependent pathways 

release  NF-B  from   its  inhibitor  (IBs),   promoting  its  
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translocation to the nucleus (Dueñas et al., 2004; Huang 

et al., 2003; Liew et al., 2005). NF-B comprises a family 
of ubiquitously expressed, eukaryotic transcription factors 
that participate in the regulation of multiple immediate 
genes that are expressed at the onset of many vital 
biological processes such as cell growth, 
immunoregulation, apoptosis, and inflammation (Tak and 
Firestein, 2001; Yamamoto and Gaynor, 2001). One of 

the major functions of NF-B is its key involvement in 
inducing an effective immune/inflammatory response 
against viral and bacterial infections. The importance of 

NF-B  role  in  initiating  a  potent inflammatory response  
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cannot be better signified than recognizing that the B 
consensus sequence is found in the promoter/enhancer 
regions of more than 50 diverse genes whose expression 
is known to be crucial in driving an inflammatory 
response (Majdalawieh and Hyo-Sung, 2010). Inducible 

genes that are known to be transactivated by NF-B 
include, but are not limited to, IL-1β, IL-6, IL-8, TNFα, 
IFNγ, MCP-1, iNOS, COX-2, intracellular adhesion 
molecule-1 (ICAM-1), and vascular cell adhesion 
molecule-1 (VCAM-1) (Baeuerle and Henkel, 1994; 
Baldwin, 1996; Kopp and Ghosh, 1995). These 
molecules play critical roles in key biological events 
involving cell recruitment, attachment, differentiation, 
proliferation, and activation constituting an active 
inflammatory response (Majdalawieh and hyo-Sung, 
2010). In this report we studied the cytokine gene 
expression and demonstrated that infection by the 
virulent Brucella abortus 2308 strain releases an inactive 

transcriptional homodimer of NF-B and did not induce 
activation of pro-inflammatory cytokine genes; neither did 

it induce expression of IFN-, TNF- nor of the iNOS 
enzyme. In contrast, B. abortus RB51 vaccine strain 

releases an active transcriptional heterodimer of NF-B 
and stimulates the pro-inflammatory response by the 

activation of IL-12 and IFN- as well as iNOS genes.  

 
 
MATERIALS AND METHODS 

 
Infection and mice vaccination 
 
Five- to 7-week old BALB/c female mice (CINVESTAV-IPN, Mexico, 
D.F.) were divided in three experimental groups consisting of 18 

animals each. The first group of mice was intraperitoneal (i.p.) 
vaccinated with 0.4 ml PBS containing 4 × 10

8
 CFU of B. abortus 

RB51. This high dose was applied because lower doses do not 
consistently colonize mice, as established by Schurig et al. (1991). 
A second group of mice was infected under the above conditions 
with 5 × 10

4
 CFU of B. abortus 2308 in 0.4 ml PBS, since this dose 

provides the most rigorous challenge (Montaraz and Winter, 1986), 
and higher doses are 100% lethal (unpublished data of our group). 
Unvaccinated negative control animals were injected with 0.4 ml 

PBS. Animals were kept under standard hygiene conditions and 
food and water were given ad libitum. 

 
 
Peritoneal exudate cells and macrophage cell line culture 
 
Three mice per group were euthanized at 3 h, and 1, 2, 3, and 7 
days after infection. Peritoneal exudate cells (PEC) were obtained 

by washing the peritoneal cavity with 3 ml of minimal essential 
medium (MEM) containing 2 U/ml heparin and 1% fetal bovine 
serum (FBS) (Gibco BRL, Grand Island, NY). PEC’s were placed in 
siliconized tubes, washed and resuspended in 1 ml RPMI 1640 
(Gibco BRL) supplemented with 10% FBS and 2 mM glutamine 
(Sigma Chemical, St Louis, MO). PEC were counted by Trypan blue 
dye exclusion and the cell suspension was adjusted to 1 × 10

6
 

PEC/ml. 
Macrophages from the J774A.1 cell line were maintained in 

RPMI 1640 medium (Gibco BRL) supplemented with 2 mM L-
glutamine, 7% horse serum (Gibco BRL) and antibiotics (100 U/ml 
penicillin, 100 µg/ml streptomycin,  and  250 µg/ml  amphotericin B). 

 
 
 
 
Infection of macrophages with B. abortus 
 
The vaccine strain RB51 and the virulent 2308 strains of B. abortus 

were kindly donated by G. Schurig (Virginia Tech, USA.) and 
maintained in trypticase soy agar. Since the analysis of nuclear and 
cytoplasmic proteins needed a greater amount of material, this part 
of the study was performed onto the macrophage cell line J774A.1. 
2.4 × 10

7
 cells were seeded in each 144 x 21 mm Petri dish for cell 

culture (Nunc, Denmark); they were infected with 2.4 × 10
9
 CFU of 

B. abortus RB51 or of B. abortus 2308, and incubated for different 
time periods at 37

o
C in 5% CO2 atmosphere. Cells were washed 

three times with PBS; then, the nuclear and cytoplasmic protein 
extracts were obtained. 

 
 
Stimulation of macrophages with heat-inactivated B. abortus 
RB51 or 2308 

 
Macrophages J774A.1 (2.4 × 10

7
) were seeded in cell culture Petri 

dishes adding 2.4 × 10
9
 CFU of heat inactivated B. abortus RB51 or 

2308 strain (70°C for 30 min), and incubated for different times at 
37°C in CO2 atmosphere. For times longer than 30 min, 

macrophages were incubated with dead bacteria during 30 min, 
washed, and supplemented with antibiotic-free RPMI, and then 
incubated for the remainder time. Cells were washed three times 
with PBS and then the nuclear and cytoplasmic protein extracts 
were obtained. 
 
 
Analysis of cytokine genes expression 
 

Total RNA was isolated from 1 × 10
6
 PEC at different post-infection 

times as indicated in each experiment, with Trizol (Life 
Technologies, Gaithersburg, MD.) and chloroform according to 
manufacturer’s guidelines. cDNA was prepared from total RNA 
using 0.5 µg oligo-dT primers (Life Technologies) and 200 U 
Moloney murine leukemia virus reverse transcriptase (MMLVRT) 
enzyme (Life Technologies), following vendor’s recommendations. 
The primers used and amplified products predicted sizes are shown 

in Table 1. To ensure that all RT reaction samples contained RNA, 
control RT-PCR with primers for mRNA of the housekeeping gene 
glyceraldehyde 3-phospate dehydrogenase (G3PDH) were 
screened in parallel. PCR products were analyzed by 
electrophoresis of 5 µl of the reaction mix at 95 V for 1.5 h in 1.5% 
agarose in TBE buffer (90 mM Tris, 90 mM boric acid, and 2 mM 
EDTA) containing 0.05 µg/ml of ethidium bromide; 1Kb DNA ladder 
(Gibco BRL) was used as size marker. The difference in cytokine 
mRNA levels in PEC was estimated with an internal standard 
derived from PCR amplifications of G3PDH mRNA’s. These 
calculations, using a ChemiImager 4000 Low Light Imaging System 
(San Leandro, CA) and the Alpha Ease software, allowed us to 
obtain arbitrary units expressing the value of cDNA in each band. 
The density of each cytokine band was normalized according to the 
corresponding G3PDH band from the same RT-PCR reaction mix.  
 
 
Collection of cytoplasmic and nuclear proteins from 
macrophages 
 

Macrophages were washed with cold PBS, released with a cell 
scraper, and centrifuged at 1500 × g, at 8°C during 5 min. Cells 
were resuspended in buffer A (10 mM HEPES, pH 7.9, 10 mM KCl, 
1.5 mM MgCl2, 1mM DTT), and then frozen in a dry ice-acetone 
bath. Afterwards, they were thawed in ice bath and centrifuged at 
1200 × g at 4°C during 10 min. The supernatants were collected as 
cytoplasmic extracts and the pellet containing the nuclei was 
resuspended in buffer C (20 mM HEPES, pH 7.9, 0.4 M NaCl, 1.5 
mM MgCl2, 25% glycerol, 0.2 mM EDTA, 1mM DTT), supplemented  
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Table 1. Sequence of primers used to amplify housekeeping gen, cytokines and iNOS mRNAs and predicted sizes of 
the amplified products. 
 

Primer Sequence Predicted Size (bp) 

β-actin 5´sense: 5´-GTG GGC CGC TCT AGG CAC CAA-3´ 

3´antisense: 5´-CTC TTT GAT GTC ACG CAC GAT TCC-3´ 

540 

   

G3PDH 5´sense: 5´-ACC ACA GTC CAT GCC ATC AC-3´ 

3´antisense: 5´-TCC ACC ACC CTG TTG CTG T-3´ 

452 

   

IL-6 5´sense: 5´-ATG AAG TTC CTC TCT GCA AGA GAC T-3´ 

3´antisense: 5´-CAC TAG GTT TGC CGA GTA GAT CT C-3´ 

638 

   

IL-12p40   5´sense: 5´-CAG AAG CTA ACC ATC TCC TGG TTT G-3´ 

3´antisense: 5´-TCC GGA GTA ATT TGG TGC TCC ACA C-3´ 

394 

   

TNF-α 5´sense: 5´-ATG AGC ACA GAA AGC ATG ATC CGC-3´ 

3´antisense: 5´-CC AAA GTA GAC CTG CCC GGA CTC-3´ 

692 

   

IFN- 5´sense: 5´-TGA ACG CTA CAC ACT GCA TCT TGG-3´ 

3´antisense: 5´-CGA CTC CTT TTC CGC TTC CTG AG-3´ 

460 

   

iNOS 5´sense: 5´-CAG CTC CAC AAG CTG GCT CG-3´ 

3´antisense: 5´-CAG GAT GCT CTG AAC GTA GAC CTT G-3´ 

700 

 
 
 

with 0.5 mM PMSF proteases inhibitor. This mixture was incubated 
at 4°C during 30 min under gentle stirring in an angular platform, 
and then centrifuged at 20,000 × g at 4°C for 20 min. The 
supernatant was collected as the nuclear extract. Buffer D (20 mM 
HEPES, pH 7.9, 50 mM KCl, 25% glycerol, 0.2 mM EDTA, 1 mM 
DTT), supplemented with 0.5 mM PMSF proteases inhibitor, was 
added to the cytoplasmic and nuclear extracts, which were stored 
and maintained at -70°C until needed. Protein concentration was 
measured by means of the reaction with bicinconinic acid (BCA, 

Pierce, Rockford, IL), using bovine serum albumin as standard. 
 
 

Immunoblot analysis of pIB and NF-B proteins 
 
The cytoplasmic and nuclear protein extracts were subjected to 
10% SDS-PAGE, transferred to nitrocellulose membranes and 
blocked with 3% skim milk in TBS buffer (20 mM Tris, pH 7.6, 0.14 
M NaCl) supplemented with 0.05% Tween 20 (TBS-T), during 1 h at 
room temperature. Membranes were washed with TBS-T and 

incubated overnight at 4°C with the polyclonal pIB antiserum, 

and polyclonal NF-B antiserum (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA) at 1:1000 dilution. After washing with TBS-T, 
membranes were incubated with the horseradish peroxidase-
conjugated goat anti-rabbit antibodies (Santa Cruz Biotechnology) 
during 1 h more at room temperature. The ECL Plus kit (Amersham, 
Biosciences, Buckinghamshire, England) was used to develop the 
chemiluminescence for visualization on Kodak BioMax-MR film 
(Sigma-Aldrich, St Louis, MO). 
 
 
Electrophoretic mobility shift assay (EMSA) 
 

The cytoplasmic or nuclear proteins were incubated with a double 

chain oligonucleotide labeled with [32P] ATP. To label the 

oligonucleotide, 2 µl (1 µg) of the double chain oligonucleotide, 1 µl 
of the enzyme T4 polynucleotidil kinase buffer (Gibco BRL), 1 µl of 

enzyme T4 (Gibco BRL),  1 µl  of  ( 32P)  ATP,  and  6 µl  of sterile 

water were added, the mixture was incubated for 1 h at room 
temperature, led to a final volume of 100 µl, and stored at -20°C. 
The labeled oligonucleotide was incubated with either the 
cytoplasmic or the nuclear extract, adding 5 µg of protein with 0.05 
µg/µl poly poly(dI)-poly(dC), incubated for 15 min on ice and adding 

2 µl of the [32P] ATP-labeled oligonucleotide. 
The mixture was incubated 30 min at room temperature. The 

oligonucleotide sequence for NF-B binding (Biosynthesis) was 5´-
AGT TGA GGG GAC TTT CCC AGG C-3´. DNA-protein complexes 
were electrophoretically run in a 6% polyacrylamide gel (29:1) with 
a 0.5x TBE buffer (40 mM Tris, 40 mM boric acid, 1 mM EDTA). 

 
 
RESULTS 
 
Vaccination with B. abortus RB51 produced a decrease 
in the expression of the IL-6 gene starting at 3 h post-
vaccination. Expression of this gene was reestablished at 
1 day, increased on day 3 post-infection, and 
disappeared on day 7 post-infection. In PEC from B. 
abortus 2308 infected mice, the mRNA for IL-6 was not 
detected at any of the studied times (Figure 1). In PEC 
from B. abortus RB51, mRNA for IL-12 was also detected 
at 3 h, and at least until 7 days after vaccination. In PBS-
inoculated mice, no mRNA for IL-12p40 was detected, 
whereas PEC from mice infected with B. abortus 2308 
showed a low expression of the gene (Figure 1). 

As shown in Figure 1, B. abortus RB51 induced 
biphasic activation in TNF-α gene expression at 3 h and 
at 3 days post-vaccination, reaching the highest 
expression at Day 1. In contrast, PEC from B. abortus 
2308-infected mice revealed no TNF-α expression at any 

of  the  studied  times. On  the other hand, the IFN- gene  
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Figure 1. Expression of IL-6, IL-12p40, TNF-α, IFN-, and iNOS cytokines. Cytokines and iNOS 
mRNA by BALB/c peritoneal exudate cells (PEC) were determined at 3 h and 1, 2, 3 and 7 days 
post vaccination with B. abortus RB51 or post infection with B. abortus 2308 analyzed by RT-
PCR. Control group was inoculated with PBS. Total RNA was prepared from 106 PEC. Negative 
[lane C(-)] and positive controls [lane C(+)] were included. MW, molecular weight markers. The 

base-pair numbers of cDNA are indicated on the left. 

 
 
 
was detected at 3 h post-vaccination with B. abortus 
RB51, peaking at 2 days, and was still detectable at day 

7. It is worthwhile mentioning that IFN- expression 
occurred after IL-12p40 expression (from 3 h on). IFN-

gene expression was not observed either in strain 2308-
infected mice, at least not during the first 7 days p.i., or in 
PBS-inoculated mice (Figure 1). The absence of mRNA 

for IFN- correlates with the fact that strain 2308 does not 
induce protective immunity. 

The gene for iNOS was expressed at 24 h post-
vaccination with B. abortus RB51 (Figure 1). However, its 
expression ceased on day 2 post-vaccination, being re-
expressed at Days 3 and 7 at very low levels. The 
expression of this gene was not detected in either control 
or B. abortus 2308-infected mice. 

To assess the effect of infection with different B. 
abortus strains on the signaling that leads to activation of 

NF-B, J774A.1 cell line macrophages were infected with 
either B. abortus RB51 or B. abortus 2308 and activation 

IBα was determined, as well as the nuclear translocation 

of NF-B. Infection with either bacterial strain induced 

activation of pIBα, although each at different times 
(Figure 2A). In B. abortus RB51-infected cells, the 
activated proteins were detected at 5 min post-infection, 
whereas cells infected with B. abortus 2308 showed a 

delay in the activation of these proteins; the protein pIBα 

at 15 min. Because NF-B must be translocated to the 
nucleus once released by its inhibitor in order to activate 
gene transcription, we investigated the effect of B. 

abortus infection on NF-B translocation. As shown in 

Figure 2A, NF-B was detected in the nucleus of cells 
infected with B. abortus RB51; translocation started at 5 

min and was detectable until 30 min [NF-B (NE)]. A 

second phase of NF-B release and translocation was 
observed at 90 min, disappearing afterwards. A third 
response phase was noticeable at 6 h. In B. abortus 

2308-infected cells, nuclear translocation of NF-B was 
observed from 5 min on, maintained until 90 min, 
observing a second response phase from 2 to 6 h p.i. 
These  results indicate that both B. abortus strains induce  
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Figure 2. Activation of IB and NF-B, and translocation of NF-B. Infection of macrophages with either 

strain (RB51 or 2308) of live B. abortus induced activation IB and the translocation of factor NF-B 
towards the nucleus (a). Stimulation of macrophages with heat- inactivated B. abortus RB51 or 2308 

induced activation of IB  leading to nuclear translocation of factor NF-B (b); 60 µg of each extract 
(cytoplasmic and nuclear) were SDS-PAGE separated and transferred to nitrocellulose membranes. 

Membranes were incubated with the antibody for pIBα, and NF-B, and the bound antibody was 
visualized by means of chemiluminescence. Results are from one of three different experiments with 
same results. CE= cytoplasmic extract, NE= nuclear extract. 

 
 
 

nuclear release and translocation of NF-B. 
Stimulation with heat-inactivated B. abortus RB51 

induced nuclear release and translocation of NF-B (Fig. 
2B). The same behavior was observed in cells stimulated 
with heat-inactivated B. abortus 2308.  

Because the NF-B dimers released from IB 
translocate towards the nucleus to activate transcription, 
we searched for the effect of infection with B. abortus 

RB51 or 2308 on the nuclear translocation of NF-B. As 

shown in Figure 3A, free NF-B was present in the 
cytoplasm  and  nucleus  of  macrophages   infected  with  

B. abortus RB51, indicating that this strain induces 

activation and translocation of NF-B towards the 
nucleus. These results reveal that infection with B. 

abortus RB51 does not affect the ability of NF-B to 
translocate to the nucleus and bind to specific DNA 
sequences. With the virulent strain B. abortus 2308, two 
complexes were observed in the cytoplasmic extract 
samples (Figure 3A), indicating the presence of two NF-

B protein complexes (termed I and II) that, according to 
their molecular weight, could correspond to dimers p-65-
p50  and  p50-p50,  respectively.  It  must be noted that in  
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Figure 3. EMSA analysis of release and nuclear translocation of NF-B. EMSA revealed the nuclear translocation of factor NF-B and 

apparently this does not affect the capacity of NF-B to bind to the specific DNA sequence in macrophages infected with either strain 
RB51 or 2308 (a) or heat killed strains (b). After each infection time, the cytoplasmic (CE) and nuclear (NE) proteins were prepared and 

analyzed by means of EMSA using extracts with the same number of cells and a [ 32P] ATP-labeled oligonucleotide. 

 
 
 
the nuclear extract samples only one band was observed 
corresponding to Complex II (probably the heterodimer 
p50-p50). The one band observed in the cytoplasmic and 
nuclear samples of strain RB51-infected macrophages 
corresponds to complex I (probably the homodimer p65-
p50). 

Stimulation of macrophages with heat-inactivated B. 

abortus RB51 induced formation of NF-B complexes in 
nuclear and cytoplasmic extracts (Figure 3B). These 
results reveal that stimulation with the heat-inactivated 

strain RB51 induces NF-B activation, translocation, and 
DNA binding. In cells stimulated with the heat inactivated 

strain 2308, the NF-B translocated to the nucleus 
despite not being detected in the  cytoplasm  (Figure 3B). 

DISCUSSION AND CONCLUSION 
 
Macrophage activation is an essential element required 
to resolve an infection caused by Brucella spp. A key 
mechanism in cell-mediated immunity is the antimicrobial 

activity of macrophages stimulated by IFN-(Divekar et 
al., 2006; Huang et al., 2003; Thale and Kiderlen, 2005). 

Murphy et al., 2001b, reported that IFN- knockout 
C57BL/6 mice decreased their capacity to control the 
infection caused by B. abortus, in contrast to the wild 
strain, which show resistance to the infection. In humans, 
it has been demonstrated that T cells from patients with 

brucellosis produce IFN- when stimulated in vitro with 
Brucella  antigens.  This  production  by  CD8+T  cells   is  



 
 
 
 
higher during the acute stage of the disease (Moreno et 
al., 2002). In the present study we observed that PEC 
from B. abortus RB51-vaccinated mice expressed the 

genes that encode cytokines IL-6, IL-12, TNF-α, IFN-, 
and iNOS. However, no mRNA for cytokines TNF-α, IFN-

, and iNOS were detected in mice infected with B. 
abortus 2308 or in non-infected control mice. 

Expression of IL-6 and IL-12 genes decreased in mice 
infected with B. abortus 2308 in comparison with mice 
inoculated with B. abortus RB51. The lower or lack of 
expression of these genes could have been produced 
directly by the virulent bacterium, either by a deficient 
signaling in the plasmatic membrane or by the inhibition 
or blockage of signal transduction during intracellular 
transit in the macrophage. Studies on the effect of 
bacterial surface on the organization of lipids in the lipid 
rafts suggest that there is an alteration in the organization 
of receptors and transduction molecules (Kim et al., 
2004; Lapaque et al., 2006). The present results allow us 
to suggest that the protective immunity induced by B. 
abortus RB51 is related with the production of IL-12 by 
the macrophage during the first hours post-inoculation 

which, in turn, induces early expression of the IFN- 
gene. Although B. abortus 2308 seems to induce IL-12 
expression, this is at a very low level, and could, 

therefore, not reach the threshold to activate the IFN- 
gene and other genes. Our results confirm that there is a 
very tight relation between IL-12 gene expression and the  

resistance to infection by B. abortus, mediated by IFN-, 
as reported by other authors (Huang et al., 2003; 
Paranavitana et al., 2005; Zhan and Cheers, 1995b), and 
for other infections with intracellular microorganisms, 
such as Mycobacterium tuberculosis, Salmonella or 
Listeria (Kawakami et al., 2004; Puertollano et al., 2005; 
Stoycheva and Murdjeva, 2005). This phenomenon that 

involves IL-12 and IFN- responses could be relevant, 
since the differences in the expression of these two 
cytokines occurred at the moment in which T cells were 
compromised in their activation. The presence of IL-12 

and IFN- at the moment of antigenic presentation favors 
differentiation to Th1. Most papers analyze the late 
response, in which there is also an association between 

the presence of IL-12 and IFN- and protection. The 
second stage of production of these cytokines completes 
a response model in which both cytokines form a positive 
feedback loop (Campos et al., 2004; Huang et al., 2003; 
Paranavitana et al., 2005).  

In turn, the role of TNF-α depends on the presence of 

IFN- during the first infection stages, as shown by 

neutralizing TNF-α in IFN- knockout mice that developed 
an inflammatory process in the spleen but did not reduce 
the number of CFU (Murphy et al., 2001a). As 
demonstrated in the present study, B. abortus RB51 
induced the activation of the TNF-α gene in PEC, which 
was not achieved in mice infected with the virulent strain 
2308. It is possible to assume that B. abortus 2308 
inhibits TNF-α production during infection, which could be  
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a virulence mechanism. Jubier-Maurin et al. (2001) 
demonstrated that protein Omp25 of Brucella suis 
regulates negatively TNF-α production in infected human 
macrophages, and Ding et al. (2001) demonstrated that 
TNF-α, IL-10, and IL-12 production was inhibited in 
macrophages transfected with the gene of the protein 
HSP-70 from Brucella melitensis. Nitric oxide (NO) 
production, catalyzed by the iNOS enzyme, represents 
one of the bactericidal mechanisms of macrophages, as 
demonstrated by the iNOS and NO increased production 
in macrophages infected with rough B. abortus strains 
(Jimenez de Bagues et al., 2004). The fact that 
expression of the iNOS gene was not observed in B. 
abortus 2308-infected mice correlated with the absence 

of IFN- gene expression, the latter being required for 
iNOS production. Although it was not determined, we can 
infer that there is no NO synthesis during B. abortus 2308 
infection. In the present study, we demonstrated that 
infection of macrophages with B. abortus RB51 induced 
synthesis of the mRNA of iNOS, which correlated with 

mRNA synthesis of TNF-α and IFN- in the same 
macrophages. Induction of NO synthesis by the iNOS 

enzyme and induction of IL-12 and IFN- could explain 
the anti-Brucella immunity conferred by the vaccination 
with B. abortus RB51. The lack of IL-6 mRNA in B. 
abortus 2308-infected mice suggests an important 
participation of this cytokine in the protective 
mechanisms, probably promoting an acute response. 
Giambartolomei et al. (2004) demonstrated that IL-6 
production by infected macrophages was not due to the 
presence of bacterial LPS but due to lipoproteins.  

Zhan and Cheers (1995a) showed that the uncontrolled 
growth of Listeria in culture produced low TNF-α and IL-6 
responses. These findings are related with our work, 
since B. abortus 2308 replicated much faster within the 
macrophage than the RB51 strain (data not shown); 
hence, bacterial growth could inhibited in some way TNF-
α and IL-6 production. On the other hand, LPS starts a 
complex cascade of events, particularly in monocytes 
and macrophages that lead to the production of pro-
inflammatory cytokines (Campos et al., 2004; Harju et al., 
2001). Binding of LPS to TLR2 and TLR4, in conjunction 
with MD2, starts the cytoplasmic signaling cascade that 

leads to IB degradation, nuclear translocation of NF-B, 
and transcriptional activation of the genes of the pro-
inflammatory response (Akira and Takeda, 2004; Liew et 
al., 2005), such as the cytokines IL-1, IL-6, IL-12, TNF-α, 
adhesion molecules, acute stage proteins, and inducible 
enzymes, such as iNOS and COX-2 (Liew et al., 2005; 
Zhang and Ghosh, 2001). After LPS binding to the TLR4-
CD14-MD2 complex, the adaptor MyD88 molecule is 
recruited, and it interacts with protein kinase IRAK, which 
in turn recruits the adaptor TRAF-6 towards the receptor 
complex, that is involved in the activation of IKK that 

phosphorylates IB for its ulterior degradation in 
proteasomes (Anderson, 2000; Liew et al., 2005). We 

investigated whether IBα could be affected in B. abortus  
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2308-infected cells as an explanation to the lack of pro-
inflammatory cytokine genes expression. Both B. abortus 
RB51 and B. abortus 2308 induced activation of protein 

IBα. However, strain RB51 achieved an earlier 
activation of these proteins than strain 2308.  Infection of 
macrophages with any of the B. abortus strains used 

here did not inhibit either NF-B release or its 
translocation towards the nucleus. However, we think that 

although NF-B was translocated to the nucleus, and 

since the NF-B present in the cytoplasm and nucleus of 
B. abortus-infected macrophages did bind to DNA, in the 

case of cells infected with 2308 strain, NF-B apparently 
had no transcriptional activity. In RB51-infected 
macrophages, a heterodimer p65-p50 (deduced by its 
molecular weight) forming a complex with its synthetic 
oligonucleotide was observed, this was named complex I. 
Interestingly, in the cytoplasmic and nuclear extracts of 
2308-infected macrophages, two delayed complexes 
were observed, the so called complex I and an additional 
complex II, which was smaller in size, most probably 
formed by homodimers p50-p50, and apparently present 
in higher concentration than Complex I. Hence, the 
explanation for the differential expression of cytokines by 
2308 or RB51-infected macrophages could be attributed 

to the dimmer form of NF-B induced by each strain. 
Complex II could be responsible for the lack of gene 
expression of the analyzed cytokines since it is well 

documented that the homodimer p50-p50 of NF-B is not 
a transcriptional activator (El Gazzar et al., 2007; Pereira 
et al., 2005; Plaksin et al., 1993). Brucella, with its non-
classical LPS, leads to a decreased production of 
cytokines by monocytes and macrophages, including 
TNF-α, IL-1 and IL-6 (Campos et al., 2004; Jimenez de 
Bagues et al., 2005; Lapaque et al., 2006), and iNOS 
(López-Urrutia et al, 2000; Wang et al., 2001). In our 

hands, characterization of NF-B proteins revealed a 
predominance of p50-p50 homodimer in 2308-infected 
macrophages. Over expression of this molecule inhibits 

the transactivity of the NF-B heterodimer, which is given 
by the specific attachment of the p65 subunit to the 
promoter site on the TNF gene (El Gazzar et al., 2007; 
Kastenbauer and Ziegler-Heitbrock, 1999). Based on our 
results, we consider that B. abortus 2308 exerts on the 
infected cells a process similar to that of LPS tolerance, 
during which homodimer p50-p50 (Complex II) is induced 
hindering the transactivation of cytokine genes. To 
determine whether inhibition of pro-inflammatory 

cytokines gene expression by NF-B homodimers 
induced by B. abortus was due to a bacterial component 
produced after infection or due to a constitutively 
expressed bacterial component, we stimulated 
macrophages with heat-inactivated bacteria. 

Activation of IBα and NF-B was observed as well as 

translocation of NF-B towards the nucleus and its DNA 
binding. By analyzing cytoplasmic and nuclear proteins 
from cells stimulated with the heat-inactivated strain 
2308,   only   the   band   corresponding to complex I was  

 
 
 
 
observed; hence, inhibition of gene expression is induced 
by a bacterial component of live bacteria most probably 
actively secreted after their internalization. Strain 2308 
used as a mechanism of virulence of a homodimer 

induction inactive NF-B which does not activate pro-
inflammatory response that is required to initiate the 
elimination of bacteria which causes it to replicate. 
Finally, efforts should be focused to analyze the 
molecules in Brucella abortus 2308 that could be 
responsible for the results presented in this paper. 
 
 
REFERENCES 
 
Akira S, Takeda K (2004). Toll-like receptor signalling. Nat. Rev. 

Immunol., 4: 499-511. 
Anderson K (2000). Toll signaling pathways in the innate immune 

response. Curr. Opin. Immunol., 12: 13-19. 

Baeuerle P, Henkel T (1994). Function and activation of NF-B in the 
immune system. Ann. Rev. Immunol., 12: 141-179. 

Baldwin A (1996). The NF-kB and IkB proteins; new discoveries and 

insights. Ann. Rev. Immunol., 12: 141-179. 
Campos M, Rosinha G, Almeida I, Salgueiro X, Jarvis B, Splitter G, 

Qureshi N, Bruna-Romero O, Gazzinelli T, Oliveira S (2004). Role of 

Toll-like receptor 4 in induction of cellmediated immunity and 
resistance to Brucella abortus infection in mice. Infect. Immun., 72: 

176-186. 

Ding X, Fernandez-Prada C, Bhattachariee A, Hoover D (2001). Over-
expression of hsp-70 inhibits bacterial lipopolysaccharide-induced 
production of cytokines in human monocyte-derived macrophages. 

Cytokine., 16: 210-219. 
Divekar A, Zaiss D, Lee F, Liu D, Topham D, Siits A, Mosmann T  

(2006). Protein vaccines induce uncommitted IL-2-secreting human 

and mouse CD4 T cells, whereas infections induce more IFN-
gamma-secreting cells. J. Immunol., 176: 1465-1473. 

Dueñas A, Orduña A, Crespo M, García-Rodríguez C (2004). 

Interaction of endotoxins with Toll-like receptor 4 correlates with their 
endotoxic potential and may explain the proinflammatory effect of 
Brucella spp. LPS. Int. Immunol., 16: 1467-1475. 

El Gazzar M, El Mezaven R, Nicolls M, Dreskin S (2007). 
Thymoquinone attenuates proinflammatory responses in 
lipopolysaccharide-activated mast cells by modulating NF-kappaB 

nuclear transactivation. Biochim. Biophys. Acta., 1770: 556-564. 
Giambartolomei G, Zwerdling A, Cassataro J, Bruno L, Fossari C, 

Philipp M (2004). Lipoproteins, not lipopolysaccharide, are the key 

mediators of the proinflammatory response elicited by heat-killed 
Brucella abortus. J. Immunol., 173: 4635-4642. 

Harju K, Glumoff V, Hallman M (2001). Ontogeny of Toll-like receptor 
Tlr2 and Tlr4 in mice. Pediatr. Res., 49: 81-83. 

Huang L, Aliberti J, Leifer C, Segal D, Sher A, Golenbock D, Golding B 
(2003). Heat-killed B. abortus induces TNF and IL-12p40 by distinct 

MyD88-dependent pathways: TNF, unlike IL-12p40 secretion, is toll-
like receptor 2 dependent. J. Immunol., 171: 1441-1446. 

Jimenez de Bagues M, Dudal S, Dornand J, Gross A (2005). Cellular 
bioterrorism: how Brucella corrupts macrophage physiology to 

promote invasion and proliferation. Clin. Immunol., 114: 227-238. 
Jiménez de Bagues M, Terraza A, Gross A, Dornand J (2004). Different 

responses of macrophages to smooth and rough Brucella spp.: 

relationship to virulence. Infect. Immun., 72: 2429-2433. 
Jubier-Mauirn V, Boigegrain R, Cloeckaert A, Gross A, Alvarez-Martinez 

M, Terraza A, Liautard J, Köhler S, Rouot B, Dornand J, Liautard J 
(2001). Major outer membrane protein Omp25 of Brucella suis is 

involved in inhibition of tumor necrosis factor alpha production during 

infection of human macrophage. Infect. Immun., 69: 4823-4830. 
Kastenbauer S, Ziegler-Heitbrock HW (1999). NF-kappaB1 (p50) is up 

regulated in lipopolysaccharide tolerance and can block tumor 

necrosis factor gene expression. Infect. Immun., 67: 1553-1559. 
Kawakami K, Kinio Y, Uezu K, Miyagi K, Kinio T, Yara S, Koguchi Y, 

Miyazato  A,  Shibuya  K,  Iwakura  Y,  Takeda  K,  Akira  A,  Saito   A  



 
 
 
 
    (2004). Interferon-gamma production and host protective response 

against Mycobacterium tuberculosis in mice lacking both IL-12p40 

and IL-18. Microbes Infect., 6: 339-349. 

Kim S, Watarai M, Makino S, Kodama T, Shirahata T (2004). Lipid raft 
microdomains mediate class A scavenger receptordependent 
infection of Brucella abortus. Microb. Pathog., 37: 11-19. 

Kopp EB, Ghosh S (1995). NF-B and Rel proteins in innate immunity. 
Adv. Immunol., 58: 1-27. 

Lapaque N, Forguet F, de Chastellier C, Mishal Z, Jolly G, Moreno E, 

Moriyon I, Heuser J, He H, Gorvel J (2006). Characterization of 
Brucella abortus lipopolysaccharide macrodomains as mega raft. Cell 

Microbiol., 8: 197-206. 

Lapaque N, Takeuchi O, Corrales F, Akira S, Morivon I, Howard J, 
Gorvel J (2006). Differential inductions of TNF-alpha and IGTP, IIGP 
by structurally diverse classic and non-classic lipopolysaccharides. 

Cell Microbiol., 8: 401-413. 
Liew FY, Xu D, Brint E, O´Neill L (2005). Negative regulation of toll-like 

receptor-mediated immune responses. Nat. Rev. Immunol., 5: 446-

458. 
López-Urrutia L, Alonso A, Nieto M Bayón Y, Orduña A, Sánchez 

Crespo M (2000). Lipopolysaccharides of Brucella abortus and 

Brucella melitensis induce nitric oxide synthesis in rat peritoneal 

macrophages. Infect. Immun., 68: 1740-1745. 

Majdalawieh A, Hyo-Sung R (2010). Regulation of IBα function and 

NF-B signaling: AEBP1 is a novel proinflammatory mediator in 

macrophages. Mediators of Inflammation., pp. 1-27. 
Montaraz J, Winter A (1986). Comparison of living and nonliving 

vaccines for Brucella abortus in BALB/c mice. Infect. Immun., 53: 

245-251. 
Moreno-Lafont M, López-Santiago R, Zumarán-Cuéllar E, Paredes-

Cervantes V, López-Merino A, Estrada-Aguilera A, Santos-Argumedo 
L (2002). Antigen-specific activation and proliferation of CD4+ and 
CD8+ T lymphocytes from brucellosis patients. Trans. R. Soc. Trop. 

Med. Hyg., 96: 340-347. 
Murphy E, Parent M, Sathiyaseelan J, Jiang X, Baldwin C (2001a). 

Immune control of Brucella abortus 2308 infections in BALB/c mice. 

FEMS Immunol. Med. Microbiol., 32: 85-88. 
Murphy E, Sathiyaseelan J, Parent M, Zou B, Baldwin C  (2001b). 

Interferon-gamma is crucial for surviving a Brucella abortus infection 

in both resistant C57BL/6 and susceptible BALB/c mice. Immunol., 
103: 511-518. 

Paranavitana C, Zelazowska E, Izadjoo M Hoover D (2005). Interferon-

gamma associated cytokines and chemokines produced by spleen 
cells from Brucella-immune mice. Cytokine., 30: 86-92. 

Pereira R, Calegari-Silva T, Hernandez M, Saliba A, Redner P, 
Pessolani M, Sarno E, Sampajo E, Lopes U (2005). Mycobacterium 

leprae induces NF-B dependent transcription repression in human 

Schwann cells. Biochem. Biophys. Res. Comm., 335: 20-26. 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

Cervantes-Flores et al.         949 
 
 
 
Plaksin D, Baeuerle P, Eisenbach L (1993). KBF1 (p50 NF-kappa B 

homodimer) acts as a repressor of H-2Kb gene expression in 
metastatic tumor cells. J. Exp. Med., 177: 1651-1662. 

Puertollano M, Cruz-Chamorro L, Puertollano E, Pérez-Toscano M, 
Alvarez de Ciencfuegos G, de Pablo M (2005). Assessment of 
interleukin-12, gamma interferon, and tumor necrosis factor alpha 

secretion in sera from mice fed dietary lipids during different stages of 
Listeria monocytogenes infection. Clin. Diagn. Lab. Immunol., 12: 

1098-1103. 

Schurig G, Roop R, Bagchi T, Boyle S, Buhrman D, Sriranganathan N 
(1991). Biological properties of RB51; a stable rough strain of 
Brucella abortus. Vet. Microbiol., 28: 171-188. 

Stoycheva M, Murdjeva M (2005). Serum levels of interferon-gamma, 
interleukin-12, tumor necrosis factor-alpha, and interleukin-10, and 
bacterial clearance in patients with gastroenteric Salmonella 

infection. Scand. J. Infect. Dis., 37: 11-14. 

Tak P, Firestein G (2001). NF-B a key role in inflammatory diseases. J. 

Clin. Investig., 107: 7-11. 
Thale C, Kiderlen A (2005). Sources of interferon-gamma (IFN-gamma) 

in early immune response to Listeria monocytogenes. Immunobiol., 

210: 673-683. 
Wang M, Qureshi N, Soeurt N, Splitter G (2001). High levels of nitric 

oxide production decrease early but increase late survival of Brucella 

abortus in macrophages. Microb. Pathog., 31: 221-230. 

Yamamoto Y, Gaynor RB (2001). Therapeutic potential of inhibition of 
the NF-κB pathway in the treatment of inflammation and cancer. J. 

Clin. Investig., 107: 135-142. 
Zhan Y, Cheers C (1995a). Differential induction of macrophage-derived 

cytokines by live and dead intracellular bacteria in vitro. Infect. 

Immun., 63: 720-723. 
Zhan Y, Cheers C (1995b). Endogenous interleukin-12 is involved in 

resistance to Brucella abortus infection. Infect. Immun., 63: 1387-

1390. 
Zhang G, Ghosh S (2001). Toll-like receptor-mediated NF-κB activation: 

a phylogenetically conserved paradigm in innate immunity. J. Clin. 

Invest., 107 : 13-19. 


