Hindawi Publishing Corporation
Mediators of Inflammation

Volume 2013, Article ID 127017, 9 pages
http://dx.doi.org/10.1155/2013/127017

Research Article

Neisseria gonorrhoeae Induces a Tolerogenic Phenotype in
Macrophages to Modulate Host Immunity

Alejandro Escobar,' Enzo Candia,” Sebastian Reyes-Cerpa,” Bélgica Villegas-Valdes,”
Tanya Neira,” Mercedes Lopez,” Kevin Maisey,” Fabian Tempio,” Miguel Rios,”
Claudio Acuia-Castillo,” and Ménica Imarai’

! Instituto de Investigacion en Ciencias Odontoldgicas, Facultad de Odontologia, Universidad de Chile, 8380492 Santiago, Chile
? Laboratorio de Inmunologia, Departamento de Biologia, Facultad de Quimica y Biologia, Universidad de Santiago de Chile,

Santiago, Chile

3Progmma Disciplinario de Inmunologia, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile,

8380453 Santiago, Chile

Correspondence should be addressed to Alejandro Escobar; janodvm@gmail.com and Ménica Imarai; monica.imarai@usach.cl

Received 5 March 2013; Revised 9 June 2013; Accepted 31 July 2013

Academic Editor: Yona Keisari

1. Introduction
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Neisseria gonorrhoeae is the etiological agent of gonorrhoea, which is a sexually transmitted disease widespread throughout the
world. N. gonorrhoeae does not improve immune response in patients with reinfection, suggesting that gonococcus displays several
mechanisms to evade immune response and survive in the host. N. gonorrhoeae is able to suppress the protective immune response
at different levels, such as B and T lymphocytes and dendritic cells. In this study, we determined whether N. gonorrhoeae directly
conditions the phenotype of RAW 264.7 murine macrophage cell line and its response. We established that gonococcus was
effectively phagocytosed by the RAW 264.7 cells and upregulates production of immunoregulatory cytokines (IL-10 and TGF-f31)
but not the production of proinflammatory cytokine TNF-«, indicating that gonococcus induces a shift towards anti-inflammatory
cytokine production. Moreover, N. gonorrhoeae did not induce significant upregulation of costimulatory CD86 and MHC class II
molecules. We also showed that N. gonorrhoeae infected macrophage cell line fails to elicit proliferative CD4+ response. This implies
that macrophage that can phagocytose gonococcus do not display proper antigen-presenting functions. These results indicate that
N. gonorrhoeae induces a tolerogenic phenotype in antigen-presenting cells, which seems to be one of the mechanisms to induce
evasion of immune response.

any clinical manifestations that is, more than half of infected
women and a significant percentage of infected men never

The gram-negative diplococcus Neisseria gonorrhoeae is the
causal agent of gonorrhoea, one of the two most common
sexually transmitted diseases [1]. Infection susceptibility and
colonization mechanisms of gonococcus have been studied
using different models that have determined that gonococcal
membrane components, such as Pili, Opa, and lipooligosac-
charide (LOS), are highly relevant to infection [1]. Infection
by gonococcus is associated with several clinical manifes-
tations, such as cervicitis and urethritis, as well as pelvic
inflammatory disease, ectopic pregnancy, chronic pelvic pain,
and infertility. Strikingly, infections frequently occur without

develop symptoms [2-4]. In women, this is also related to
persistency and infection to the upper genital tract. In regard
to immune response, it has been determined that humoral
immunity against gonococcus is highly limited [5, 6] and
T cells undergo a transient reduction during infection [7].
Clinical data also indicates that previous infections with N.
gonorrhoeae do not improve immune response in patients
with reinfection, thus suggesting that immunological mem-
ory is not induced by gonococcus [5].

The ineffective immune response against gonococcus is
multifactorial. It has been hypothesized that it could be the
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sum of different mechanisms, one of which could be related
to genital tissue properties, such as inmune privileged site
in the female tract [8, 9], while the other could involve eva-
sion mechanisms intrinsically developed by the bacteria,
an idea supported by several lines of evidence; that is, it
has been demonstrated that the bacterium undergoes phase
and antigenic variations [10] and shows epitope mimicry
(11, 12] and phagosome subversion [13] to overcome immune
defense. Moreover, gonococci seem to directly interfere with
the onset of the adaptive immune response as Opa proteins
can inhibit CD4+ T-cell proliferation [14] and the bacteria
induce IL-10 production, an important regulatory cytokine
involved in the differentiation of type 1 T regulatory cells
(Trl) [15, 16]. More interestingly, data obtained from the
murine model of experimental infection showed an increase
of CD4+Foxp3+CD25+ regulatory T lymphocytes (Tregs) in
the lymph nodes draining of the genital tract. This increase
correlated with an augmenting of TGF-fl-positive cells in
the uterine stroma of infected animals [17]. Recent studies
in the murine model of gonococcal genital tract infection
showed that N. gonorrhoeae enhances TGF-f1 production
and thereby promotes Thl7-dependent response with the
consequent deployment of Th1/Th2 protective response [18].

The current data suggest that N. gonorrhoeae is able to
suppress the protective immune response at different levels,
such as B and T lymphocytes [19, 20]. Recently, Duncan et al.
demonstrated that N. gonorrhoeae potently inhibits the abil-
ity of antigen primed bone-marrow-derived dendritic cells
(BMDC) to trigger T-cell proliferation by inducing expres-
sion of both immunosuppressive cytokines and tolerance-
inducing cell surface protein [21]. However, until now there
have been no reports on the potential effects of gonococcus
on macrophages. Macrophages are an essential component of
innate immunity and play a central role in inflammation and
host defence [22]. Cells of the monocyte-macrophage lineage
are characterized by considerable diversity and plasticity. In
response to various signals, macrophages may undergo clas-
sical M1 activation (stimulated by toll-like receptor ligands
and IFN-y) or alternative M2 activation (stimulated by IL-
4/IL-13) [23]. Recently, studies have considered macrophages
as a continuum with a range of overlapping functions in
which classically activated and regulatory macrophages [24]
can influence immune response.

Here, we demonstrate that gonococcus conditions
macrophage cell line phenotype and its functionality,
producing a shift towards anti-inflammatory cytokine
production, inefficient upregulation in molecules involved
in antigen presentation and T-cell activation, and weak
allogeneic T-cell stimulatory activity. We think that this
macrophage phenotype can favor gonococcus against host
defence during infection.

2. Materials and Methods

2.1. Bacteria and Culture Conditions. The Neisseria gonor-
rhoeae P9-17 strain used in this study was kindly provided
by Dr. Myron Christodoulides (University of Southamp-
ton, UK) [25]. In particular, P9-17 (Pil" Opab™) variant of
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N. gonorrhoeae containing the red-shift mutant GFP (rs-
GFP) plasmid was used. Bacterial growth and analysis of
colony morphology were handled, as previously described
[17]. Briefly, gonococcal variants were taken from frozen
stocks, plated in GC agar plates (Difco, Becton Dickinson)
containing BBL Isovitalex (Becton Dickinson, Sparks, MD,
USA), and cultured at 37°C in 5% CO, for 18 to 20h to
obtain single colonies. Single colonies showing the proper
morphology were further grown for subsequent experiments.

2.2. Animals and Cell Cultures. Male or female 6 to 8-week-
old C57BL/6 mice were obtained from the USACH Research
Facility. Animals were euthanized by cervical dislocation,
spleens were removed under sterile conditions, and spleno-
cytes were obtained free of erythrocytes by treatment with
ACK lysis buffer. Splenocytes were cultured in RPMI 1640
medium (Invitrogen Corporation, Carlsbad, CA, USA) sup-
plemented with 10% FBS (Biological Industries Ltd., Kibbutz
Haemek 25115, Israel), 50 U/mL penicillin-streptomycin, and
2.5 ug/mL amphotericin B (Sigma-Aldrich, St. Louis, MO,
USA). Research was conducted in accordance with institu-
tional guidelines and the International Guiding Principles for
Biomedical Research Involving Animals of the Society for
the Study of Reproduction. RAW 264.7 murine macrophages
(American Type Culture Collection, Rockville, MD, USA)
were cultured in RPMI-1640 medium (Gibco Invitrogen Co.,
Carlsbad, CA, USA) with 10% fetal bovine serum (FBS,
HyClone Laboratories, Inc., Logan, UT, USA), 50 units/mL
penicillin, and 50 ug/mL streptomycin (Gibco Invitrogen Co)
at 37°C, in 95% air and 5% CO,.

2.3. Bacterial Infection. Neisseria gonorrhoeae P9-17 (Pil",
Opab™) or fluorescent variant was suspended in phosphate-
buffered saline (PBS) and the number of colony forming
units (CFU) was determined by optical density at 600 nm.
Macrophages were grown in 24-well plates (or in cover slips)
using cell-culture medium lacking antibiotics. Nearly conflu-
ent monolayers of cells were challenged with Neisseria gonor-
rhoeae at a multiplicity of infection (MOI) of 10 and incubated
for the indicated period of times at 37°C with 5% CO,.

2.4. Immunofluorescence Microscopy Analysis. After bacterial
challenge, cell monolayers were washed five times with media
and then fixed for confocal microscopy in 1% paraformalde-
hyde in PBS (pH 74). In order to visualize APC cells,
raw monolayers were immunostained with a phycoerythrin-
(PE-) conjugated anti-mouse CDIlb antibody (1:50 Santa
Cruz Biotechnology). Association of GFP-fluorescent bacte-
ria with the immunostained APCs was determined micro-
scopically using confocal microscopy (Axiovert 100 M Micro-
scope, Zeiss). In addition, confocal orthogonal analysis
was used to identify internalized bacteria. In this case, z-
plane slices were obtained and orthogonal views and three-
dimensional images were generated from isolated cells.

2.5. Gentamicin Protection Assay. Assays were performed as
described previously [26]. Briefly, to quantify the total num-
ber of macrophage-associated gonococci, treated cells were
washed 3-5 times to remove nonadherent bacteria and then
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lysed with 1% saponin (Sigma, St Louis, MO, USA) in PBS for
30 min. To quantify the number of internalized gonococci,
100 pg/mL of gentamicin (US Biological, Swampscott, MA,
USA) was added 1h prior to the preparation of lysates to kill
the extracellular adherent bacteria. The lysates were collected,
serially diluted, and aliquots were seeded onto supplemented
GC agar plates. After 24 h incubation at 37°C and 5% CO,,
colony-forming units were counted.

2.6. Cytokine Detection. Supernatants were collected after
24h incubation of macrophages with the bacteria. In each
case, stimulation of APCs with LPS from E. coli (serotype
055:B5; Sigma) was used at 1ug/mL as positive control. An
enzyme-linked immunosorbent assay was performed to mea-
sure cytokines. Briefly, plates were coated with 100 uL/well
of the captured antibody and incubated at 4°C overnight.
The captured antibodies were anti-IL-10 from clone JES5-
16E3 (e-bioscience, CA, USA) and anti-TNF-« from clone
1F3F3D4 (e-bioscience). After washing and blocking, samples
and standard cytokines were added and plates were incu-
bated for 2h. Then, plates were washed and 100 uL of the
polyclonal antibodies was added. After 1.5 h incubation, plate
contents were eliminated, wells were washed several times
and biotin-conjugated anti-IL-10 antibody clone JES5-2A5 (e-
bioscience) or biotin-conjugated anti-TNF-« antibody clone
XT3/XT22 (e-bioscience) were added. After 1.5 h incubation,
streptavidin-HRP (1:5000) was added and again incubated
30 min at 37°C. Detection was performed using Luminol for
IL-10 assays or ABTS for TNF« assays. Plates were read at
405 nm. Assays were performed in triplicate.

2.7. Immunofluorescence Staining. For TGF-f1 detection,
cells were collected and 5 x 10° cells were then incubated
with an anti-TGF-f1 polyclonal antibody (1:100, Santa Cruz
Biotechnology) for 1 h at 4°C. Cells were washed several times
with PBS containing 2% FCS and then incubated with a PE-
conjugated polyclonal anti-rabbit IgG (1:150; Sigma Chemi-
cals) for 1h at 4°C. Isotypic controls were routinely included
in all experiments. RAW cells were stained with anti-CDI11b
PE-conjugated (1:50; Santa Cruz Biotechnology) for 1h at
room temperature, anti-MHC class IT FITC-conjugated (Anti
I-A%, 1:300; Becton Dickinson) for 1h at room temperature
and also with anti-CD86 FITC-conjugated (1:200; Becton
Dickinson) for 1h at room temperature. Cells were routinely
washed with PBS containing 2% FCS and centrifuged at
600 xg for 8 min and then resuspended in PBS containing 2%
FCS. Analysis was performed by Cyflogic analysis software
package Version 1.2.1 (http://www.cyflogic.com/).

2.8. Alloproliferative Assay. Splenocytes (5 x 10*/well) were
labeled with CFSE (5mM per 1 x 107 cells) (Renovar, USA)
for 15 min at 37°C. Cells were washed extensively and 2 x 10°
cells/well were cultured with 4 x 10* Mitomycin-treated
(16 ug/mL) RAW cells in round-bottomed 96-well plates
in cultured in RPMI-1640 medium (Gibco Invitrogen Co,
Carlsbad, CA) with 10% fetal bovine serum (FBS, HyClone
Laboratories, Inc., Logan, UT), 50 units/mL penicillin and
50 ug/mL streptomycin (Gibco Invitrogen Co) at 37°C, in

95% air and 5% CO, for 5 days. Proliferation analysis was
performed Analysis was performed by Cyflogic analysis soft-
ware package Version 1.2.1 (http://www.cyflogic.com/).

2.9. Data Analysis. Data are presented as mean + standard
error (SE). All data were analyzed using GraphPad software.
The Kruskal-Wallis test and subsequently Dunn’s Multiple
Comparison Test were used to evaluate differences among the
groups. Differences were considered statistically significant at
P <0.05.

3. Results

3.1. Induction of Cytokines upon Infection of Mouse Macro-
phage Cell Line with Neisseria gonorrhoeae. The phenotype
of antigen presenting cells and the cytokine milieu can
modulate and define the type of immune response elicited
against a pathogen. Therefore, considering that for their
part, microorganisms can modulate the phenotype of APC,
we wanted to determine the effects that gonococcus might
have on the phenotype of macrophages. We first examined
interactions occurring between macrophage cell line and
gonococci. Therefore, we challenged the RAW 264.7 murine
macrophages with variants of N. gonorrhoeae fluorescent
strain P9-17 (Pil", Opab™). RAW cells and the correspond-
ing bacterial variant were incubated for 1, 2, 3h at 37°C
with 5% CO,. Associated bacteria were then evaluated by
confocal microscopy. Bacteria were observed to be associ-
ated with RAW cells in a time-dependent form (Figures
1(a)-1(c)). Bacterial uptake by macrophages was visual-
ized by sequential cross-sectional images and an orthogo-
nal view of the macrophages (midplane Z-section, height
1.25 ym) (Figure 1(d)). In addition, gonococcus internaliza-
tion was determined by a standard gentamicin protection
assay, demonstrating that a significant number of viable
bacteria were recovered from the inner compartment of
macrophages (Figure 1(e)) and those represent approximately
10% of total macrophage-associated bacteria. Results demon-
strated that gonococci were effectively phagocytosed by RAW
macrophages.

Our next aim was to evaluate the type of response induced
by the bacteria in comparison to a strong inflammatory
stimulus, such as lipopolysaccharide. Thus, macrophage cell
line were challenged with P9-17 variant for 24h. IL-10
and TNF« levels in culture supernatants were compared to
LPS-elicited response. Data obtained from 6 independent
experiments showed that P9-17 induced the production of
the pro-inflammatory cytokine TNF« (Figure 2(a)) at similar
levels that to those of LPS. Otherwise, the results of 5 inde-
pendent experiments indicate that the anti-inflammatory
cytokine IL-10 was induced under all experimental condi-
tions, although in this case P9-17 induced the highest levels
compared to the LPS and medium (Figure 2(b)). To better
assess the effect of gonococcal infection on immunoregula-
tory cytokine expression, membrane TGF-f1 in RAW cells
was measured in 7 independent experiments by flow cytom-
etry. Geomean data from histograms were obtained in each
experiment and are shown normalized against LPS treatment.
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FIGURE I: Gonococcus uptake by murine macrophage cell line: fluorescence micrograph of murine macrophage cell line RAW 264.7 incubated
with GFP-expressing Neisseria gonorrhoeae (green) variant P9-17 for (a) 1h, (b) 2h, (c) 3h, and (d) orthogonal view of the intracellular
gonococci (green spots); a midplane Z-section of height 1.25 ym is shown. Phase contrast denotes cell boundaries. Nuclei are in red. (e)
Gentamicin protection assay for infection of RAW cells with N. gonorrhoeae variant P9-17 (n = 3).
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FIGURE 2: Cytokines induced in murine macrophage cell line infected with N. gonorrhoeae P9-17 LPS is the positive control. A statistically
significant difference is found when data is compared to the level of cytokines found in the medium from cultures without infection. (a)
Secretion of TNF-a by RAW cells measured 24 h after challenge. Data represent the levels of cytokine relative to levels induced by LPS. Bars
are the mean + SEM of 6 independent experiments. (b) Secretion of IL-10 after 24 h treatment. n = 5 ** indicates that P9-17 induces higher
levels of IL-10 than LPS and other treatments P < 0.01. (c) TGF-p1 levels on the surface of treated macrophages. Values correspond to the
mean fluorescence intensity (G-mean) values relative to the levels found in untreated cells. Data are presented as the mean + SEM of n = 7
challenge experiments. * indicates that P9-17 induces higher levels of TGF-f31 than LPS and other treatments P < 0.05.

The results demonstrate that TGF-f1 was highly induced
in response to gonococcal variant P9-17 (Figure 2(c)). The
ratio of TNFa« to IL-10 and to TGF-f3 changes was 1.9 and
3.8, respectively. In summary, when RAW 264.7 murine
macrophages were infected, Neisseria gonorrhoeae was able
to upregulate production of the immunoregulatory cytokines
IL-10 and TGF-fL

3.2. Gonococcus Affects Activation of Mouse Macrophage Cell
Line and Its Proliferative Induction Capacity. We also sought
to determine whether gonococcus changes the activation
status of macrophage cell line. As expected for macrophages,
the RAW 264.7 cell line responded to LPS treatment upreg-
ulating the expression of MHC class II and CD86 with 2-
and 4-fold increases, respectively (Figures 3(a) and 3(b)).
In contrast, P9-17 just slightly increased the expression of
MHC class II, although differences did not reach statistical
significance (Figure 3(a)) compared with cells in medium
only. Interestingly, the gonococcal variant P9-17 did not
stimulate expression of CD86 (Figure 3(b)) and levels of

expression were significantly different from those reached by
LPS stimulation (Figure 3(b)). Effectiveness of the immune
response is conditioned by the number of MHCes: peptide
that cells express (signal 1), the nature of their costimulation
(signal 2), and instruction by cytokines that these cells
are capable of delivering to the T lymphocyte (signal 3).
Consequently, we found that gonococcal variant P9-17 treated
RAW cells inhibit CD4+ T cell proliferation (Figure 4).

4. Discussion

Pathogenic microorganisms have developed multiple mech-
anisms of immune evasion to avoid eradication by the
host. Several mechanisms have been described for bacte-
rial evasion of immune response, such as prevention of
opsonization, toxin secretion, disruption of mucosal barriers,
modification of pattern molecules, uptake induction and
phagosome escape, persistency within endosomes, inter-
ference with cytokine secretion, interference with antigen
presentation, and inhibition of T- and B-cell functions,
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FIGURE 3: Quantification of MHC II and CD86 expression on the surface of gonococcus-infected RAW cells using flow cytometry.
Macrophages were stained with anti-CD11b specific antibodies. (a) MHC class II in RAW cells, n = 6. (b) CD86 in RAW cells, n = 8.
Bars represent mean + SEM of independent experiments. Representative histogram plot are shown in the right panel. * indicates that P9-17
induced lower levels of MHC II compared to levels induced by LPS, P < 0.05; ** indicates that P9-17 induced lower levels of CD86 compared

to levels induced by LPS, P < 0.05.

among others [27]. In this regard, Neisseria gonorrhoeae
does not seem to be the exception, and, in particular, it is
able to interfere directly with adaptive immune response,
as occurs with antigenic variation [10] and phagosome
subversion [28]. As well, it inhibits CD4+ T-cell proliferation,
preventing adaptive immune response [19]. We recently
reported that during experimental infection of the mouse,
gonococcus induces an increase of regulatory T cells and
infiltration of TGF-p1 positive cells in the uterine stroma of
infected animals [17], which may also be a mechanism of
immune evasion as this type of T cells induces tolerance.
Other, studies in a murine model demonstrated that N. gon-
orrhoeae enhances TGF-f31 production and thereby promotes
Thl17-dependent response, with the consequent deployment

of Th1/Th2 protective response [18]. Recent studies by Dun-
can and colleagues showed that N. gonorrhoeae suppresses the
ability of dendritic cells (DC) to induce CD4+ T-cell prolif-
eration and leads to upregulation of cell surface and secreted
proteins with immunosuppressive properties [21].

The present report has focused on responses elicited by
gonococcus on antigen-presenting cells such as macrophages,
which trigger adaptive immunity during initial interactions
with the bacteria. Here, for the first time we have demon-
strated that, although gonococcus induces proinflamma-
tory cytokines, as well as regulatory cytokines in murine
macrophage cell line, a shift towards anti-inflammatory
cytokine production occurs. In addition, gonococcus was
highly inefficient in upregulating MHC and CD86, two of the
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FIGURE 4: Hyporesponsive alloantigen T-cell responses induced by RAW cells infected with N. gonorrhoeae P9-17. Allogeneic H-2" splenocytes
were cultured with RAW cells treated with gonococcus, medium and LPS. At day 5, CD4+ T-cell proliferation was determined by CFSE
dilution analysis. Representative histogram plots are shown in the upper panel. Percentages of proliferation are indicated in the upper left
quadrant. Bars represent mean + SEM of 5 independent experiments performed in triplicate. “* indicates that P9-17 induces lower percentages

of alloantigen proliferation than LPS and other treatments P < 0.01.

most important molecules involved in antigen presentation
and T-cell activation. Consequently, we showed that infected
macrophages have weak allogeneic T-cell stimulatory activity.

In particular, gonococcus induces the secretion of the
proinflammatory cytokines TNF-« and IL-6 in APCs. This
suggests that DC and macrophages, which are usually located
in the stroma of the genital tract of the mouse, are at least in
part responsible for the increased levels of TNF-« and IL-6
observed in the vaginal secretions of Balb/c mice after gono-
coccal infection [29]. Mouse spleen cells or genital tract tissue
explants, stimulated with N. gonorrhoeae secrete IL-17, IL-22,
and IL-6, but not other inflammatory cytokines typical of Thl
or Th2 response [30]. However, gonococcus also induces an
increase in regulatory cytokines, IL-10, and TGF- 81 in mouse
macrophage cell line. Recently, important populations of
macrophages have come to light which play a role in limiting
inflammation during innate and adaptive immune response
[24]. These regulatory macrophages produce high levels of
IL-10 and have a potent T-cell suppressive function [31]. It is
well established that IL-10 inhibits TLR-induced T-cell acti-
vation by commensal and pathogenic microorganisms and
antigen presentation through the repression of inflammatory
cytokine production and inhibition of expression of MHC
class II and costimulatory molecules [16, 32]. Secretion of
IL-10 by N. gonorrhoeae-exposed DC suppresses antigen-
induced T-cell proliferation [21]. This mechanism is also
observed in Chlamydia trachomatis infections [33] and com-
mensal bacteria in other mucosal surfaces [34]. Moreover,
the environments of genital tract tissues of the mouse and
human likely contribute to anti-inflammatory shifting, as
they express important levels of regulatory cytokines [35-
37]. These data correlate well with human studies that
have demonstrated that IL-10 concentration measured in
endocervix and cervical mucus was higher in women infected
with N. gonorrhoeae [38, 39]. Complementarily, TGF-f1
controls immune response by direct inhibition of T helper

(Thl and Th2) [40], in fact when mice are treated with anti-
TGF-p antibody during infection with gonococcus; the dura-
tion of infection is shortened by about 4 days [41]. Therefore,
because the first encounter between the bacteria and the
immune system occurs in the infecting mucosa, data suggest
that local induction of this cytokine profile can initiate a
tolerogenic type of response that might explain asymptomatic
infection, low levels of antibody production, and induction
of Treg cells that has been reported to occur in Balb/c mice
infected with N. gonorrhoeae (1, 5, 17].

We also found that the bacterium was unable to induce
significant upregulation of the cell surface costimulatory
molecule CD86 in macrophages, which further indicates the
anti-inflammatory or regulatory effects of gonococcus on
APCs. This suggests that, although Neisseria gonorrhoeae
is actually phagocytosed by macrophages, the bacteria can
weaken antigen-presenting functions because CD86/CD28
costimulatory pathway control of immune responses, such
as antibody responses and induction of cytotoxic T-cell
responses, is impaired in the absence of CD28 signaling
[42]. Gonococcus is also unable to induce up-regulation of
MHC class II in macrophages, which are involved in anti-
gen capture, processing, and presentation. This implies that
macrophages, which can phagocytose gonococcus [43, 44],
do not have a proper antigen-presenting function. In line with
this evidence, we showed that infected macrophages have
weak allogeneic T-cell stimulatory activity, which strongly
suggests that one of the most likely mechanisms is anergy
induction, due to the lack of sufficient first and second
activation signals [45].

Altogether, our results indicate that gonococcus controls
the immune response at the macrophage level, inducing a
tolerogenic phenotype that includes regulatory cytokines and
low proliferative response, which may contribute to infection
without symptoms, as occurs in women and female mice.
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