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HLA-G is a nonclassical class I human leukocyte antigen (HLA) involved in mechanisms of immune tolerance. The objective
of this study was to determine whether N-(3-oxododecanoyl)-L-homoserine lactone (3O-C12-HSL), a quorum sensing molecule
produced by Pseudomonas aeruginosa, could modify HLA-G expression to control the host immune response. We evaluated the
ability of 3O-C12-HSL to induce HLA-G expression in primary immune cells, monocytes (U937 and THP1), and T-cell lines (Jur-
kat) in vitro and analyzed the cellular pathway responsible for HLA-G expression. We studied the HLA-G promoter with a lucif-
erase assay and interleukin-10 (IL-10) and p38/CREB signaling with enzyme-linked immunosorbent assay and immunofluores-
cence, respectively. We observed that 3O-C12-HSL is able to induce HLA-G expression in human monocytes and T cells. We
showed that the induction of HLA-G by 3O-C12-HSL is p38/CREB and IL-10 dependent. 3O-C12-HSL treatment is able to arrest
only the U937 cell cycle, possibly due to the peculiar expression of the ILT2 receptor in the U937 cell line. Our observations sug-
gest HLA-G as a mechanism to create a protected niche for the bacterial reservoir, similar to the role of HLA-G molecules during
viral infections.

Bacterial diseases can result in serious or life-threatening com-
plications, such as bacteremia, kidney failure, and toxic shock

syndrome. For this, the fight against bacterial infection represents
one of the high points of modern medicine. Lack of progress in
controlling mortality and morbidity associated with severe bacte-
rial infections in part reflects our limited understanding of the
complex biological pathways that bacteria use to regulate host
immune response. Many bacteria are capable of forming a well-
organized bacterial population during host infection, and Pseu-
domonas aeruginosa is one of the most commonly studied. As the
cell population increases, P. aeruginosa increases the expression of
quorum sensing (QS) molecules that bind to the transcriptional
activators, enabling the expression of target genes involved in P.
aeruginosa virulence (1). P. aeruginosa has two well-studied QS
systems, las and rhl (2–4). The las system consists of the LasR
transcriptional regulator and the LasI synthase protein, which is
essential for the production of the signal molecule N-(3-oxodo-
decanoyl)-L-homoserine lactone (3O-C12-HSL) that also is re-
quired for LasR activation (4). Recent studies have shown that
3O-C12-HSL has the potential to modify the functions of host
immune cells (5–9). In particular, 3O-C12-HSL inhibits profes-
sional immune cells, such as dendritic and T cells (10), promotes
immune cell apoptosis (11–13), and blocks the response of mac-
rophages and monocytes to toll-like receptor (TLR) signals (14).
However, the mechanism of this immune-regulatory activity has
yet to be fully characterized.

HLA-G is a nonclassical class I human leukocyte antigen
(HLA) characterized by the presence of membrane-bound (G1-
G4) and soluble (G5-G7) isoforms (15). HLA-G is involved in
mechanisms of immune tolerance under several conditions, in-
cluding pregnancy, organ transplantation, and autoimmune and
inflammatory diseases by inhibiting cytolytic functions of natural
killer cells, cytotoxic T lymphocytes, and T and dendritic cells, as

well as by inhibiting alloproliferative responses (16). Both soluble
and membrane-bound HLA-G isoforms have similar functions
and interact with specific inhibitory receptors (ILT-2 and ILT-4)
expressed by immune cells. During viral infections, HLA-G mol-
ecules are upregulated by the virus as a mechanism of immune
escape (16), inhibiting the host immune response. Few data are
available on the effect of bacterial infections on HLA-G expres-
sion.

The objective of the present study was to determine whether P.
aeruginosa 3O-C12-HSL could modify HLA-G expression by im-
mune cells, supporting the hypothesis of a direct involvement of
HLA-G molecules in P. aeruginosa’s ability to control host im-
mune response.

MATERIALS AND METHODS
Cell lines. U937 (ATCC CRL1593.2) and THP-1 (ATCC TIB202) mono-
cyte cell lines, a Jurkat (ATCC TIB152) T-cell line, and the 721.221 (ATCC
CRL1885) B-cell line were grown in RPMI 1640 (Gibco) with 10% fetal
bovine serum (FBS), 10% HEPES buffer, 5% penicillin-streptomycin at
37°C with 5% CO2.
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PBMC purification. Peripheral blood mononuclear cells (PBMCs)
were isolated from whole blood of 10 control subjects by Ficoll gradient
(Cederlane, Hornby, Ontario, Canada) and resuspended in RPMI me-
dium (EuroClone, Milan, Italy) with 10% fetal calf serum (FCS), 100
U/ml penicillin, and 100 U/ml streptomycin (Sigma-Aldrich, St. Louis,
MO). Ethical approval was obtained from the University of Ferrara Re-
view Board.

Cell treatments. The cells were treated with 3O-C12-HSL (Sigma-Al-
drich) at concentrations of 10, 25, and 50 �M, as suggested by the litera-
ture (17), at different time points and then analyzed.

For the inhibitory experiments, Fc receptors first were blocked using
human serum, and cells were incubated for 30 min at 37°C with a final
concentration of 10 �g/ml isotype control monoclonal antibody (MAb)
or blocking anti-interleukin-10 (IL-10; BioLegend) monoclonal antibody
prior to use.

Cytometric analysis. For flow cytometric analysis, 106 cells were
washed and incubated for 30 min on ice in 100 �l of phosphate-buffered
saline (PBS) containing 1% FBS, 10 mM sodium azide plus appropriately
diluted fluorescent MAb. After two washes with cold washing buffer, cells
were washed, fixed in 2% formaldehyde, and analyzed by flow cytometry
with a FACSVantage flow cytometer (Becton Dickinson, San Jose, CA)
using standard settings and CellQuest software (Becton Dickinson, San
Jose, CA) for data analysis. The membrane-bound HLA-G antigens were
detected by anti-HLA-G fluorescein isothiocyanate (FITC) MAb (87G;
Exbio, Prague, Czech Republic), and ILT2 and ILT4 receptors were ana-
lyzed by specific MAbs (Becton Dickinson). Isotype controls (Exbio,
Prague, Czech Republic) were performed. PBMCs were analyzed using
anti-CD3-peridinin chlorophyll protein, anti-CD14-phycoerythrin (PE),
anti-CD45-PE, and anti-CD56-PE (BD) MAbs.

The cell cycle was analyzed by propidium iodide (PI) staining. Cells
were resuspended cells in 500 �l PI–Triton X-100 staining solution (0. 1%
[vol/vol] Triton X-100 [Sigma] in PBS, 2 mg DNase-free RNase A
[Sigma], 0.40 ml of 500 �g/ml PI [Roche]), incubated for 30 min at RT,
and analyzed by flow cytometry.

Immunofluorescence microscopy. For immunofluorescence micros-
copy, 106 cells were washed and incubated for 30 min on ice in 100 �l of
PBS containing 1% FBS, 10 mM sodium azide, and the appropriately
diluted fluorescent MAb. After two washes with cold washing buffer, cells
were washed again, fixed in 2% formaldehyde, and analyzed by fluores-
cence microscopy. Cyclic AMP (cAMP) response element-binding pro-
tein (CREB) and phosphorylated CREB (pCREB) (Immunological Sci-
ences), as well as p38 and phosphorylated p38 (pp38) (Santa Cruz), were
detected by indirect immunofluorescence with the secondary antibody
goat anti-mouse FITC (Dako).

Western blot analysis. Cell pellets were treated with lysis buffer with
fresh protease inhibitors, biotinylated with 0.2 mg/ml EZ-Link sulfo-
NHS-LC-biotin (Pierce, Rockford, IL) in 1� PBS (pH 8.0) for 30 min at
4°C. Samples then were immunoprecipitated for 2 h at RT with CREB/
pCREB (Immunological Sciences) and p38/pp38 (SantaCruz) MAbs or
actin MAb (Santa Cruz) as a positive loading control, washed twice in 1�
PBS, and incubated overnight with protein G-Sepharose beads (Santa
Cruz, CA) at 4°C. The samples were washed twice and resuspended in 20
�l of Laemmli buffer (Bio-Rad, Segrate, Italy). Immunoprecipitates were
denatured at 100°C for 5 min. Proteins were loaded with native or reduc-
ing (in the presence of SDS) running buffers in 10% TGX-precast gel
(Bio-Rad, Segrate, Italy), with subsequent electroblotting transfer onto a
polyvinylidene difluoride (PVDF) membrane (Millipore, MA) (1). The
membrane was incubated with a horseradish peroxidase (HRP)-conju-
gated anti-mouse antibody (1:5,000; Amersham Biosciences, NJ) and de-
veloped with the ECL kit (Amersham Biosciences, NJ). The images were
acquired by GelDoc (Bio-Rad).

ELISA. Soluble HLA-G5 levels in cell culture supernatants were mea-
sured by enzyme-linked immunosorbent assay (ELISA) using as capture
antibody the MAb 5A6G7 (Exbio, Prague, Czech Republic), which recog-
nizes the HLA-G5 molecule. The intra-assay coefficient of variation (CV)

was 1.3%, and the interassay CV was 3.7%. The limit of sensitivity was 1.0
ng/ml (18).

IL-10 levels were analyzed using a human IL-10 ELISA detection kit
(EBioscience).

MTT cell viability assay. One hundred microliters of cells at a density
of 1 � 106/ml were seeded into 96-well plates and treated with 3O-C12-
HSL (10 �M and 25 �M) for 6, 12, and 24 h. After incubation, 10 �l of
MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-
mide; Sigma-Aldrich] was added for 4 h at 37°C. Cells then were lysed by
adding 100 �l of MTT solvent. Plates then were read at 570 nm for viabil-
ity evaluation using an ELISA reader (Victor; Perkin-Elmer).

mRNA preparation. Total cellular RNA was prepared from each cell
culture with TRIzol reagent (Life Technologies, NY). The RNA samples
were digested with DNase. The quality and quantity of RNA samples were
assessed by a 1% agarose gel electrophoresis, followed by ethidium bro-
mide staining. These mRNA samples were immediately used for cDNA
synthesis or stored frozen at �80°C until use.

Real-time PCR. To analyze the presence of HLA-G mRNA, 2 �g
mRNA was reverse transcribed for each sample using a SuperScript first-
strand synthesis system (Invitrogen, San Giuliano Milanese, Italy) accord-
ing to the manufacturer’s instructions. The primers and the detection
probe for HLA-G gene expression analysis were the following: forward
primer HLAG-F, 5=-CCCACCATCCCCATCATG-3=; reverse primer
HLA-G-R, 5=-CCAGTGACTACAGCTGCAAGGA-3=; and the MGB
probe, 5=-TATCGTTGCTGGCCTGG-6-carboxyflourescein-3= (Applied
Biosystems) (19). Fold changes in expression were determined by the
2���CT method. Amplification was performed with 100 ng of RNA con-
verted into cDNA with TaqMan 2� universal PCR master mix in a final
volume of 50 �l (Applied Biosystems) by using the following protocol: 2
min at 50°C for AmpErase UNG activation, 20 s at 95°C for initial dena-
turation, and then 40 cycles of 20 s at 95°C and 60 s at 60°C for amplifi-
cation. All reactions were performed in triplicate.

Reporter constructs and expression vectors. Luciferase reporter
plasmids were generated by cloning genomic promoter fragments into
pGL3-Basic (Promega, Madison, WI). These constructs contain a
1,438-bp promoter fragment of HLA-G (pGL3-G1500) and a 269-bp
AspI-AhaII-HLA-B7 promoter fragment (pGL3-HLA-B) (kind gift of
Sam J. P. Gobin) (20). All inserts were verified by sequence analysis.

The Renilla luciferase control plasmid pRL-actin was used as a trans-
fection efficiency control.

Transient transfection. 721.221 cells were transfected by Amaxa
nucleofector technology (Lonza) with a DNA precipitate of 1 �g of pGL3
reporter plasmid, 1 or 0.5 �g of expression vector, and 0.1 �g of Renilla
luciferase control plasmid (pRL-actin) per well. Luciferase activity was
determined using a luminometer (Victor; PerkinElmer) and corrected for
transfection efficiency with the Renilla luciferase activity values.

Statistical analysis. Since the values presented a normal distribution
(Kolmogorov-Smirnov test), the differences were evaluated by Student t
test using Stat View software (SAS Institute Inc., Cary, NC). The P value
was considered to be statistically significant when it was �0.05.

RESULTS
P. aeruginosa 3O-C12-HSL induces HLA-G expression in hu-
man monocytes and T cells. We first analyzed the ability of P.
aeruginosa 3O-C12-HSL to induce HLA-G transcription and
transduction in human primary immune cells. We exposed pe-
ripheral blood mononuclear cells (PBMCs) from 10 control sub-
jects to P. aeruginosa 3O-C12-HSL (17). PBMCs were negative for
HLA-G staining before the treatment. Both CD3� and CD14�

cells induced membrane-bound HLA-G expression, with the
highest levels occurring after 12 h of incubation with 25 �M 3O-
C12-HSL (2.7% � 0.3% CD3� HLA-G� and 6.4% � 0.6% CD14�

HLA-G� cells) (Fig. 1a) that decreased after 24 h of incubation
(0.6% � 0.1% CD3� HLA-G� and 1.6% � 0.4% CD14� HLA-
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G�). As a confirmation, we performed a real-time PCR quantifi-
cation of HLA-G mRNA in PBMCs after 3O-C12-HSL treatment.
We observed a 6-fold increase in HLA-G mRNA transcription 12
h after the incubation with 3O-C12-HSL (Fig. 1b) (P � 0.0001)
that was lost after 24 h. The analysis of B and NK cells showed no
HLA-G induction (data not shown).

To confirm our data in a standardized in vitro model, we used
Jurkat T-cell and monocyte cell lines that differ in maturation
stages (less mature THP-1 and U937 cells are at a more advanced
stage of differentiation). We treated these cell lines with 10 and 25
�M 3O-C12-HSL (17) at the 12-h time point, selected on the basis
of the results obtained with PBMC treatment (Fig. 1a). We con-
firmed the increased expression of HLA-G molecules on T and
monocyte cells (Fig. 2a, b, and c), as previously observed in
PBMCs (Fig. 1a), with a significantly lower upregulation in THP1
cells (Fig. 2c). These results also were confirmed by mRNA anal-
ysis. We observed a 6-fold increase in HLA-G mRNA transcrip-
tion 12 h after the incubation of Jurkat and U937 cells with 3O-
C12-HSL (Fig. 2b) (P � 0.0001), while THP1 induced lower levels
of HLA-G mRNA after 3O-C12-HSL treatment (Fig. 2b). These
results also confirmed the effect of 3O-C12-HSL on human im-
mune cells in a standardized in vitro model.

P. aeruginosa 3O-C12-HSL induces HLA-G via p38/CREB
and IL-10 pathways. We wanted to investigate the mechanisms
used by 3O-C12-HSL to induce HLA-G expression. To account for
the direct effect of 3O-C12-HSL on the HLA-G gene promoter, we
transfected the 721.221 cell line (classical and nonclassical HLA-
I-negative cells) with HLA-G or HLA-B promoters (20). These
cells were treated with 3O-C12-HSL, and a luciferase assay was
performed. We observed an increased activation of HLA-G pro-
moter after 3O-C12-HSL treatment. In particular, the promoter
activation was dose dependent, with an increased activation of 21-

and 39-fold with 10 �M and 25 �M 3O-C12-HSL, respectively
(Fig. 2d, black histograms). On the contrary, the HLA-B promoter
was not affected by 3O-C12-HSL treatment (Fig. 2d, gray histo-
grams). These data suggest a specific effect of 3O-C12-HSL on the
HLA-G promoter, with the implication of specific transcription
factors. It is known that 3O-C12-HSL modifies transduction path-
ways (21), in particular inducing p38, a mitogen-activated protein
kinase (MAPK) that phosphorylates and activates CREB (22), a
transcription factor that regulates HLA-G gene expression (21).
We hypothesized that the p38/CREB pathway could be implicated
in the increased HLA-G expression via 3O-C12-HSL. We evalu-
ated the expression of p38 and CREB and their phosphorylated
isoforms after 3O-C12-HSL treatment in U937 and THP1 cells.
We observed a clear increase in the amount of p38 and phosphor-
ylated p38 after 15 min (Fig. 3a) and a consequent increase in
CREB and phosphorylated CREB after 30 min of 10 �M 3O-C12-
HSL treatment of U937 cells (Fig. 3b). Western blot analysis con-
firmed an increased expression of p38 (Fig. 3b) and CREB (Fig.
3d) protein with a consequent increase in the phosphorylated iso-
forms. Jurkat cells showed a similar pattern of activation (data not
shown). THP1 cells reached a lower rate of CREB phosphoryla-
tion (Fig. 3e and f), accounting for the lower HLA-G expression
observed in this cell line (Fig. 2c). These data suggest that the
induction of the p38/CREB pathway is one of the mechanisms
used by 3O-C12-HSL to induce HLA-G expression.

Since IL-10 is one of the major inducers of soluble HLA-G5
expression (23), and since it is known that 3O-C12-HSL is able to
increase IL-10 expression in macrophages (17), we evaluated if
this cytokine could be implicated in the induction of HLA-G5
secretion via 3O-C12-HSL. We analyzed the levels of IL-10 and
HLA-G5 expression in Jurkat, U937, and THP1 cell culture super-
natants after 3O-C12-HSL treatment. We observed an increased

FIG 1 (a) Membrane HLA-G expression in PBMCs from 10 healthy subjects. Cells were treated with 10 and 25 �M 3O-C12-HSL for 12 h (left) and 24 h (right).
CD3� and CD14� cell results are reported. (b) HLA-G mRNA expression analysis in PBMCs after 12 h of treatment with 25 �M 3O-C12-HSL. RQ, relative
quantitation. Means � standard deviations (SD) are reported. **, P � 0.05 by Student t test.
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secretion of IL-10 already 6 h after 3O-C12-HSL addition in both
Jurkat and U937 cells (Fig. 4a, white histograms), while HLA-G5
levels increased after 12 h of treatment (Fig. 4, gray histograms).
On the contrary, THP1 presented no IL-10 induction after 3O-
C12-HSL treatment (Fig. 4a), coinciding with the absence of
HLA-G5 upregulation in THP1 cells (Fig. 4b). To evaluate the role
of IL-10, we pretreated U937 cells with anti-IL-10 MAb and ob-
served the reduction of HLA-G5 secretion in 3O-C12-HSL-treated
U937 cell culture supernatants (Fig. 5, white histograms). This
blocking treatment was not able to completely inhibit HLA-G5
expression, even at increased anti-IL-10 MAb concentrations
(data non shown), demonstrating that IL-10 is only one of the
mechanisms used by 3O-C12-HSL to induce HLA-G5 secretion.

P. aeruginosa 3O-C12-HSL effect on monocyte and T-cell vi-
ability. Since 3O-C12-HSL treatment was reported to induce cell
apoptosis (13), we verified if 3O-C12-HSL treatment could affect
monocyte and T cell viability. We treated Jurkat, U937, and THP1
cells with 10, 25, or 50 �M 3O-C12-HSL for 6, 12, and 24 h. After
the treatments, cell viability was evaluated by MTT assay. We ob-
served no significant decrease in cell viability in both Jurkat and
THP1 cells (Fig. 6a and c). On the contrary, we found a 40%
decrease in U937 cell viability after 12 h of incubation with all

concentrations of 3O-C12-HSL (Fig. 6b). Interestingly, U937 cells
reconstituted their viability after 24 h of incubation. The analysis
of the U937 cell cycle showed that the treatment with 3O-C12-HSL
for 12 h blocked 62% of cells in the G0/G1 stage (Fig. 6d).

Since HLA-G interaction with its ligands (ILT2 and ILT4) is
able to modify immune cell proliferation (24, 25), we tested U937,
THP1, and Jurkat cells for ILT2 and ILT4 expression. We observed
no ILT4 expression on any of the three cell lines, while ILT2 was
expressed only on the surface of U937 cells (Fig. 7).

DISCUSSION

The inability of the host to contain an invading pathogen is asso-
ciated with a systemic inflammatory response that, when deregu-
lated, can lead to organ injury. Recently, it has been established
that QS molecules not only are important in the regulation of
bacterial virulence genes but also interact with eukaryotic cells and
modulate immune responses (5–14). The investigations reported
here demonstrate that 3O-C12-HSL, a P. aeruginosa QS molecule,
is able to induce HLA-G expression in human monocytes and T
cells. Moreover, we showed that the induction of HLA-G by 3O-
C12-HSL is p38/CREB and IL-10 dependent. The implication of
IL-10 and p38/CREB pathways has been previously reported in

FIG 2 HLA-G membrane (87G-FITC MAb) (a) and mRNA HLA-G (b) expression in Jurkat, U937, and THP1 cell lines. Cells were treated with 10 and 25 �M
3O-C12-HSL for 12 h. (c) Luciferase assay of HLA-B and HLA-G promoter activation in 721.221-transfected cell lines after treatment with 10 and 25 �M
3O-C12-HSL for 12 h. Means � SD are reported. **, P � 0.05 by Student t test.
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bacterial infections. In particular, IL-10 expression previously has
been related to the role of 3O-C12-HSL in P. aeruginosa infection
by simultaneously upregulating the anti-inflammatory cytokine
IL-10 and downregulating the proinflammatory cytokine tumor

necrosis factor alpha (17). IL-10 expression is prompted during
bacterial infections (26) as a mechanism of immune suppression,
and CREB phosphorylation is induced to modify cellular patterns
of protein expression (27). As a proof of concept of the implica-

FIG 3 Intracellular pathway activation analysis in U937 and THP1 cell lines. U937 and THP1 cells were treated with 25 �M 3O-C12-HSL. p38 and CREB analysis
was performed by immunofluorescence for total (p38, CREB) and phosphorylated (pp38, pCREB) status in U937 (a and c) and THP1 (e and f) cells. Western blot
analysis for total (p38; 38 kDa), CREB (37 kDa), phosphorylated (pp38, pCREB), and actin (loading control; 42 kDa) status was performed in U937 cells (b and
d). Shown are the most representative results at 0 and 15 s for p38 and at 0 and 30 s for CREB after 25 �M 3O-C12-HSL treatment.

FIG 4 IL-10 (a) and HLA-G5 (b) levels in Jurkat, U937, and THP1 cell culture supernatants. Cells were treated with 10 and 25 �M 3O-C12-HSL for 6, 12, and
24 h. Means � SD are reported. **, P � 0.05 obtained by Student t test.
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tion of both IL-10 and p38/CREB pathways, the THP1 cell line
showed a lower increase of HLA-G expression than U937 after
3O-C12-HSL treatment with corresponding lower p38/CREB ex-
pression and IL-10 induction. It is worth noting that U937 and

THP1 cell lines already have been found to behave in a different
way after exposure to compounds (28, 29) and microbial infec-
tions (30), sustaining the data obtained in our study. In particular,
another bacterium, Chlamydia pneumoniae, already has been
shown to downregulate genes related to cell division only in U937
cells (31), supporting the peculiar effect of 3O-C12-HSL treatment
in arresting the U937 cell cycle. Moreover, only U937 cells express
the ILT2 receptor, and interacting with HLA-G molecules in the
cell culture supernatant might modify cell activation status (24).
However, we are aware that the effects of 3O-C12-HSL on cell
viability are still to be understood.

The results obtained suggest HLA-G as a mechanism of im-
mune privilege that creates a protected niche for a bacterial reser-
voir, similar to the role of HLA-G molecules during viral infec-
tions (16). This hypothesis is in agreement with the previous
observations on the implications of HLA-G expression in bacterial
infections. First, HLA-G expression at the extravillous cytotro-
phoblast surface seems to increase the risk of Listeria monocyto-
genes infection (32). We suggest that this bacteria exploits cytotro-
phoblast constitutive HLA-G expression to evade host immune
cells. Moreover, soluble HLA-G molecules are expressed during
septic shock and are predictive of better survival (33). The patients

FIG 5 HLA-G5 levels in cell culture supernatants of U937 cells after 10 or 25
�M 3O-C12-HSL treatment for 12 h (gray histogram) with anti-IL-10 (white
histogram) or anti-isotype (black histogram) MAb addition. Means � SD are
reported. **, P � 0.05 obtained by Student t test.

FIG 6 MTT cell viability assay. Cells were treated with 10, 25, and 50 �M 3O-C12-HSL for 6, 12, or 24 h. Jurkat (a), U937 (b), and THP1 (c) cell lines are shown.
Means � SD are reported. **, P � 0.05 obtained by Student t test. (d) Propidium iodide staining for cell cycle analysis in U937 cells treated with 25 M 3O-C12-HSL
for 12 h. The percentage of cells in each cell cycle stage is reported. The most representative results are shown.
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with sepsis are characterized by a deregulated immune response
(10), impaired chemotactic responses, and alterations in neutro-
phil functions (34) that could benefit from HLA-G–ILT2 interac-
tion, allowing the restoration of a controlled immune activation
(35).

In conclusion, we present for the first time the effect of a bac-
terial QS compound, 3O-C12-HSL, on HLA-G induction in hu-
man immune cells. These results are important to understanding
bacterial virulence mechanisms and in evaluating the role of
HLA-G expression during bacterial infections. In fact, HLA-G
could be considered on the one hand as a natural way to create an
immune tolerance condition that could allow bacterial persistence
in the host and, on the other hand, as an immune factor that could
control impaired immune activation during bacterial infection
that is frequently harmful to patient health. As a future perspec-
tive, it will be of importance to recognize the cellular characteris-
tics that make a cell responsive to 3O-C12-HSL treatment for
HLA-G expression and the specific pathological contests that
could benefit or be damaged by the modulation of HLA-G mole-
cules.
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