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Group I CD1 proteins are specialized antigen-presenting molecules that present both microbial and self lipid
antigens to CD1-restricted �/� T lymphocytes. The production of high levels of gamma interferon and lysis of
infected macrophages by lipid-specific T lymphocytes are believed to play pivotal roles mainly in the defense
against mycobacterial infections. We previously demonstrated that Mycobacterium tuberculosis and bacillus
Calmette-Guérin (Mycobacterium bovis BCG) induce human monocytes to differentiate into CD1� dendritic
cells (DC), which cannot present lipid antigens to specific T cells. Here, we show that in human monocytes
mycobacteria trigger phosphorylation of p38 mitogen-activated protein kinase to inhibit CD1 expression in DC
derived from infected monocytes. Pretreatment with a specific p38 inhibitor renders monocytes insensitive to
mycobacterial subversion and allows them to differentiate into CD1� DC, which are fully capable of presenting
lipid antigens to specific T cells. We also report that one of the pathogen recognition receptors triggered by
BCG to activate p38 is complement receptor 3 (CR3), as shown by reduced p38 phosphorylation and partial
reestablishment of CD1 membrane expression obtained by CR3 blockade before infection. In conclusion, we
propose that p38 signaling is a novel pathway exploited by mycobacteria to affect the expression of CD1
antigen-presenting cells and avoid immune recognition.

CD1 molecules are nonpolymorphic glycoproteins with
structural homology to major histocompatibility complex
(MHC) class I molecules (21). They are classified into three
groups. Group I molecules (CD1a, CD1b, and CD1c) are ex-
pressed on the surface of a limited set of antigen-presenting
cells (APC), including Langerhans cells (27), dendritic cells
(DC), and granulocyte-macrophage colony-stimulating factor
(GM-CSF)-exposed macrophages (14). Group II includes
CD1d, which is more widely expressed on hematopoietic and
nonhematopoietic cells, whereas group III (CD1e) is restricted
to myeloid DC (1).

Group I and group II CD1 molecules are specialized anti-
gen-presenting molecules that bind and present microbial, en-
vironmental, and self lipids to �� and �� T cells and thus
participate in the immune response during infectious, autoim-
mune, or allergic diseases (3). Group I CD1-restricted T cells
have been investigated mostly in mycobacterial infections as
the majority of microbial lipids, which form immunogenic com-
plexes with CD1 molecules, are constituents of the Mycobac-
terium tuberculosis cell wall and membrane (22). The finding
that CD1-restricted T lymphocytes specific for mycobacterial
glycolipids are present in individuals previously infected with
M. tuberculosis provided strong evidence that the CD1-re-
stricted T-cell response has an effective role in host defense
against mycobacteria (19, 32). Moreover, CD1b-restricted T

cells specific for a mycobacterial diacylated sulfoglycolipid kill
intracellular bacteria and are detected in M. tuberculosis-in-
fected individuals (12). Since CD1 molecules are essential for
lipid antigen recognition by specific T cells, it has been pro-
posed that M. tuberculosis evolved strategies to inhibit CD1
expression in infected host cells (31). Consistent with this hy-
pothesis, in vitro experiments have shown that exposure of
monocytes to M. tuberculosis, to bacillus Calmette-Guérin (My-
cobacterium bovis BCG), or to �-glucan, a polysaccharide that
forms the outermost layer of the M. tuberculosis cell wall, leads
to inhibition of CD1 molecule expression (10, 11, 18). Never-
theless, the molecular mechanisms exploited by mycobacteria
to regulate CD1 expression have not been identified.

The aim of this study was to investigate the intracellular
events involved in the blockade of CD1 molecule expression on
DC derived from mycobacterium-infected monocytes.

MATERIALS AND METHODS

Reagents. Recombinant interleukin-4 (IL-4) was purchased from R&D Sys-
tems (Minneapolis, MN), and GM-CSF was purchased from Gentaur (Brussels,
Belgium). Lipopolysaccharide (LPS) from Escherichia coli was obtained from
Sigma-Aldrich (St. Louis, MO). RPMI 1640 (Euroclone, Celbio Spa, Milan,
Italy) was supplemented with 100 U/ml kanamycin, 1 mM glutamine, 1 mM
sodium pyruvate, 1% nonessential amino acids, and 10% fetal bovine serum
(HyClone, Logan, UT) to obtain a complete medium. Phosphate-buffered saline
(PBS) was obtained from Euroclone.

The p38 inhibitor SB203580 and the extracellular signal-regulated kinase
(ERK) inhibitor PD98059 were obtained from Calbiochem Biochemicals (San
Diego, CA), and purified sulfatide was obtained from Fluka (Buchs, Switzer-
land).

Growth of mycobacteria. M. tuberculosis H37Rv and BCG strain ATCC 27291
were grown with gentle agitation (80 rpm) in Middlebrook 7H9 broth (Difco, BD
Diagnostics, Heidelberg, Germany) supplemented with 0.05% Tween 80 (Sigma-
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Aldrich) and 10% Middlebrook ADC enrichment (Becton Dickinson). Logarith-
mically growing cultures were washed twice in RPMI 1640. Mycobacteria were
resuspended in RPMI 1640 containing 10% fetal bovine serum and then stored
at �80°C. Vials were thawed, and bacterial viability was determined by counting
the number of CFU on Middlebrook 7H10 agar plates. All preparations were
analyzed for LPS contamination by the Limulus lysate assay (BioWhittaker
Europe, Verviers, Belgium) and contained less than 10 pg/ml of LPS.

Monocyte isolation, infection, and DC generation. In vitro human studies were
reviewed and approved by the Istituto Superiore di Sanità Ethical Committee
(http://www.iss.it/coet/index.php?lang�1).

Peripheral blood mononuclear cells were purified from heparinized blood
obtained from healthy donors (Blood Bank of University “La Sapienza,” Rome,
Italy). Monocytes were then positively sorted using anti-CD14-labeled magnetic
beads (Miltenyi, Bergisch Gladbech, Germany). In all experiments monocytes
were infected with single-cell suspensions of BCG and M. tuberculosis at multi-
plicities of infection (ratios of bacteria to monocytes) of 6:1 and 3:1, respectively.
The efficiency of infection or phagocytosis was determined by counting intracel-
lular mycobacteria in cells stained by the Kinyoun method. DC were generated
by culturing infected or noninfected monocytes for 5 days in complete medium
containing 50 ng/ml GM-CSF and 1,000 U/ml IL-4 (conditioned culture). In
some experiments the p38 inhibitor SB203580 or the ERK inhibitor PD98059 at
a concentration of 3 �M was added 30 min before monocyte infection or to
noninfected cells and was not removed during the 5 days of culture.

Fluorescence-activated cell sorting analysis. All monoclonal antibodies
(MAbs) were obtained from BD/Pharmingen (San Diego, CA). A phycoerythrin-
conjugated goat anti-mouse MAb from Southern Biotech (Birmingham, AL) was
used in association with MAb anti-CD1c. Cells were harvested and washed in
PBS containing 1% fetal bovine serum and 0.1% NaN3 (staining buffer) and were
stained using the MAbs mentioned above or appropriate isotype controls for
background determination.

Stained cells were analyzed using a FACScan cytometer equipped with
Cellquest software (Becton Dickinson).

Quantitative reverse transcription-PCR for detection of CD1 mRNA expres-
sion. Total RNA was extracted from 106 monocytes, control DC, or DC derived
from infected monocytes using an RNeasy mini kit (Qiagen, Milan, Italy), treated
with DNase, and reverse transcribed using ImProm II (Promega Italia, Milan,
Italy). cDNAs were amplified using primers specific for human �-actin (sense
primer TCCTTCCTGGGCATGGAGTC and antisense primer CAGGAGGAG
CAATGATCTTGATC), CD1a (sense primer ACAGCAATTCCAGCACC
ATCG and antisense primer AGCCTCCTGTCACCTGTATCTC), CD1b (sense
primer GGTTGCTGAGTTAGAGGAGATATTC and antisense primer CCCT
GCTGCCACCTTCTG), and CD1c (sense primer TGTATAATCTCATAAGA
AGCACTTG and antisense primer TCAGCATTAGGAAGAATATCACC) in
20-�l mixtures with iQ SYBR green Supermix (Bio-Rad, Hercules, CA), using an
iCycler iQ (Bio-Rad) for 40 cycles of 40 s at 95°C, 40 s at 57°C, and 60 s at 72°C.
Cycle threshold data were converted to the number of molecules of CD1 mRNA
per molecule of �-actin using standard curves established for each primer pair as
a reference. Finally, data were expressed as increases relative to the levels of
CD1 mRNA in freshly isolated CD1� monocytes.

Western blot analysis. Monocytes (2 � 106 cells) were incubated with M.
tuberculosis or BCG for different times and washed once with cold PBS. To
detect phosphorylated and total p38 and ERK, total cell extracts were prepared
from cellular pellets resuspended in 200 �l of 2� sodium dodecyl sulfate (SDS)
sample buffer (20 mM dithiothreitol, 6% SDS, 0.25 M Tris [pH 6.8], 10%
glycerol, 10 mM NaF, bromophenyl blue) and boiled for 5 min. Nuclear extracts
were prepared to detect phosphorylated and total activating transcription factor
2 (ATF-2). Cells were resuspended in 200 �l hypotonic lysis buffer (10 mM
HEPES [pH 7.8], 10 mM KCl, 1 mM MgCl2, 0.1 mM EGTA, 0.5 mM EDTA,
0.1% NP-40, 5% glycerol, 1% phenylmethylsulfonyl fluoride, 1% NaF, 1%
NaVO4, 1% protease inhibitors) and kept on ice for 10 min. After centrifugation
the nuclear pellets were extracted using 60 �l hypertonic lysis buffer (50 mM
HEPES [pH 7.8], 400 mM NaCl, 1 mM MgCl2, 1 mM EGTA, 1 mM EDTA, 10%
glycerol, 1% phenylmethylsulfonyl fluoride, 1% NaF, 1% NaVO4, 1% protease
inhibitors) on ice for 40 min. Proteins were separated by SDS-polyacrylamide gel
electrophoresis and blotted onto nitrocellulose membranes (Hybond C-Extra;
Amersham Pharmacia Biotech, Uppsala, Sweden). Blots were incubated with
anti-phosphorylated and total p38, ERK (R&D Systems), and ATF-2 (Cell
Signaling Technology, Danvers, MA) rabbit antibodies. Then horseradish per-
oxidase-labeled anti-rabbit antibody was added, and the reaction was revealed
using an ECL system (Amersham Pharmacia Biotech).

Complement receptor type 3 (CR3) blockade experiments. Freshly isolated
monocytes resuspended in complete medium were incubated at 4°C for 30 min
before M. tuberculosis or BCG infection with 50 �g/ml purified mouse immuno-

globulin G1 MAb anti-CD11b/Mac-1 (ICRF44 clone), with an appropriate iso-
type control MAb, or with purified anti-CD3 or anti-CD11c MAb (BD/Pharmin-
gen). Noninfected or infected monocytes were analyzed for p38 and ATF-2
phosphorylation after 2 h of incubation at 37°C or for CD1 surface expression
after 5 days of conditioned culture.

Antigen presentation assays. A purified protein derivative-specific MHC class
II-restricted T-cell clone and sulfatide-specific CD1a-restricted and (	)-2-palmitoyl-
or 2-stearoyl-3-hydroxyphthioceranoyl-2
-sulfate-�-�
-D-trehalose (Ac2SGL)-spe-
cific CD1b-restricted T-cell clones were established and maintained as previously
described (12). Control DC (MoDC) and DC derived from M. tuberculosis-infected
monocytes (Mtb-MoDC) that were pretreated or not pretreated with the p38 inhib-
itor SB203580 (3 �M) were pulsed for 2 h at 37°C with sonicated sulfatide (10 �g/ml)
before addition of a T-cell clone (3 � 104 cells/well in triplicate). MoDC and
Mtb-MoDC (1 � 104 cells/well) pretreated or not pretreated with the p38 inhibitor
SB203580 (3 �M) and MoDC infected at day 5 were cocultured with the CD1b-
restricted T-cell clone. After 48 h supernatants were examined for gamma interferon
(IFN-�) production using commercially available enzyme-linked immunosorbent
assay kits (R&D Systems) according to the manufacturer’s instructions.

RESULTS

Mycobacterium-induced p38 phosphorylation inhibits CD1
surface expression on DC derived from infected monocytes.
Monocytes infected with M. tuberculosis or BCG and then
cultured with GM-CSF and IL-4 differentiate into DC that lack
CD1a, CD1b, and CD1c expression (11, 18). Since inactivation
of the p38 mitogen-activated protein kinase (MAPK) accom-
panies differentiation of monocytes into DC (34), we sought to
investigate whether p38 phosphorylation was involved in my-
cobacterium-induced inhibition of CD1 expression. Confirm-
ing previous results (24, 30), kinetic studies of MAPK phos-
phorylation following infection of human monocytes showed
that M. tuberculosis induced both ERK phosphorylation and
p38 phosphorylation, which were detectable 1 h after infection
and persisted for at least 3 h after infection (Fig. 1A). To assess
the role of MAPK phosphorylation in regulation of CD1 ex-
pression, monocytes were incubated with the specific p38 in-
hibitor SB203580 or with the ERK inhibitor PD98059 before
infection and analyzed by immunofluorescence after 5 days of
culture with GM-CSF and IL-4. Strikingly, pretreatment of
monocytes with the p38 inhibitor rendered monocytes insensi-
tive to the M. tuberculosis inhibitory activity and allowed their
differentiation into CD1	 DC (Fig. 1B), while the ERK inhib-
itor had no effect. Similar results were obtained when BCG was
used to infect monocytes (data not shown). Inhibitors did not
interfere with the differentiation of control monocytes into DC
and did not affect cell viability (data not shown). To the best of
our knowledge, our results reveal an unexpected p38-mediated
mechanism exploited by mycobacteria to regulate group I CD1
expression.

ATF-2 is phosphorylated by mycobacterium-induced p38 ac-
tivation. To further explore intracellular signaling events upon
mycobacterium-induced p38 activation, we focused on ATF-2,
which has been shown to have a binding site in the promoter
region of the CD1a molecule (5). We found that M. tubercu-
losis (Fig. 2A) and BCG (data not shown) induced phosphor-
ylation of ATF-2 in a p38-dependent manner, as demonstrated
by the inhibition of ATF-2 activation obtained with p38 inhib-
itor treatment before mycobacterial infection. Notably, activa-
tion of ATF-2 decreases CD1A transcription (5), and, in ac-
cordance with previous results (11, 18, 31), we found that M.
tuberculosis infection of human monocytes strongly inhibits
CD1a, CD1c, and, to a lesser extent, CD1b mRNA induction
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during the differentiation of the monocytes into DC, as deter-
mined by real-time PCR analysis at different time points (Fig.
2B). Similar results were obtained using BCG (data not
shown). mRNA levels strictly correlate with surface expression
of CD1 molecules on both infected and noninfected cells (data
not shown), suggesting that CD1 transcriptional regulation is
an important target of mycobacterial infection. Further studies
will address the role of ATF-2 or other ATF/CREB family
members in regulation of CD1b and CD1c expression.

Inhibition of p38 restores the capacity of DC derived from
M. tuberculosis-infected monocytes to present lipid antigens to
CD1-restricted T cells. Next we investigated whether p38 ac-
tivation by mycobacteria may also affect lipid antigen presen-
tation.

Mtb-MoDC did not present the lipid antigen sulfatide to a
CD1a-restricted T-cell clone, and this correlated with low
CD1a surface expression (Fig. 3A). Pretreatment with the p38
inhibitor restored both the CD1a expression by and the anti-
gen-presenting capacity of Mtb-MoDC. Notably, similar re-
sults were obtained using a CD1b-restricted T-cell clone spe-
cific for Ac2SGL, a mycobacterial diacylated sulfoglycolipid
that is presented by CD1 molecules following M. tuberculosis
processing (12). As shown in Fig. 3B, control DC infected with
M. tuberculosis on day 5 of culture stimulated the Ac2SGL-
specific T-cell clone. In contrast, Mtb-MoDC had a drastically
reduced capacity to present the same lipid antigen, in agree-
ment with their low level of CD1b expression, although they
were capable of presenting purified protein derivative to a
specific MHC class II-restricted T-cell clone (data not shown).
Pretreatment of M. tuberculosis-infected monocytes with the
p38 inhibitor led to differentiation of CD1b	 Mtb-MoDC that
were as efficient as control DC in presenting the lipid antigen.

FIG. 1. Mycobacterial infection of human monocytes causes their
differentiation into CD1� DC by triggering p38 phosphorylation.
(A) Monocytes were incubated with M. tuberculosis for the indicated
times and treated as described in Materials and Methods to detect
total ERK (t ERK), phosphorylated ERK (p ERK), total p38 (t p38),
and phosphorylated p38 (p p38). Similar data were obtained in three
independent experiments. (B) Monocytes were infected with M. tuber-
culosis and cultured with GM-CSF and IL-4 (Mtb-MoDC) for 5 days.
Some of the monocytes were pretreated with the p38 inhibitor
SB203580 (Mtb-MoDC	SB) or the ERK inhibitor PD98059 (Mtb-
MoDC	PD) before infection. The markers excluded 95% of the
events recorded with the appropriate isotype control, and the percent-
ages indicate the percentages of positive cells. The results of one
experiment that is representative of five experiments are shown.

FIG. 2. Mycobacteria activate ATF-2 through p38 phosphorylation
and inhibit CD1 gene expression. (A) Monocytes were pretreated or
not pretreated with p38 inhibitor (SB203580), and some of them were
infected with M. tuberculosis (Mtb) for 2 h. Nuclear extracts were
analyzed by immunoblotting with anti-phosphorylated ATF-2-specific
antibody (p ATF-2) and anti-total ATF-2-specific antibody (t ATF-2).
The results of one experiment that is representative of three experi-
ments are shown. (B) CD1 gene expression was analyzed by quantita-
tive reverse transcription-PCR. Untreated monocytes (open bars) and
M. tuberculosis-infected monocytes (filled bars) were analyzed for CD1
mRNAs immediately after isolation (T0) and after 18 h (18h) and 5
days (5d) of culture with GM-CSF and IL-4. The mRNA levels are
expressed as increases relative to the level of CD1 mRNA in freshly
isolated CD1� monocytes, and the data are means and standard de-
viations of three replicates.
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Together, these data indicate the pivotal role of p38 signaling
in regulation of the CD1-restricted T-cell response during my-
cobacterial infections.

CR3 is involved in the inhibition of CD1 expression by BCG.
Inhibition of CD1 expression on mycobacterium-infected
monocytes occurs at an early step during their differentiation
into DC, while later infections have no effect (11). In an at-
tempt to identify a putative receptor involved in this phenom-
enon, we analyzed the kinetics of expression of the phagocytic
receptors known to bind mycobacterial polysaccharides, as we
previously showed that cell wall-associated �-glucan mimics
the effects of the whole bacterium (10). Freshly isolated mono-
cytes expressed CR3, while the mannose receptor (29) and
DC-specific intercellular adhesion molecule 3-grabbing nonin-
tegrin (6) were induced only after 12 and 24 h of culture with
GM-CSF and IL-4, respectively (Fig. 4). These data suggested

that we should focus on CR3, which is involved in the nonop-
sonic phagocytosis of mycobacteria.

Interestingly, monocytes pretreated with the anti-CR3 MAb
ICRF44 before BCG infection differentiated into DC with
increased expression of CD1a, CD1c, and, to a lesser extent,
CD1b compared to untreated infected cells (Fig. 5A). Treat-
ment with an isotype control MAb, anti-CD3 MAb, or anti-
CD11c MAb before infection did not restore CD1 expression,
and anti-CR3 MAb alone did not have any effect (data not
shown). Notably, CR3 blockade also caused a decrease in
BCG-induced p38 and ATF-2 phosphorylation (Fig. 5B and
C). However, blocking CR3 on monocytes before M. tubercu-
losis infection barely restored CD1 molecule expression and
did not prevent p38 and ATF-2 phosphorylation (data not
shown).

DISCUSSION

The interference of pathogens with the regulation of anti-
gen-presenting molecules is a well-defined escape mechanism
that has been studied mainly in relation to MHC- or CD1d-
restricted immune responses (20, 25, 33, 35). In contrast, reg-
ulation of group 1 CD1 molecules and the pathogen-depen-
dent interference with their membrane expression are poorly
understood. In this work we found that p38 signaling is the
intracellular pathway exploited by mycobacteria to inhibit CD1
molecule expression on DC derived from infected monocytes.
Activation of the MAPK signaling pathway upon mycobacte-
rial infection has been demonstrated to inhibit several antimi-
crobial mechanisms (13). Mycobacteria exploit p38 to arrest
phagosome maturation in murine macrophages, and pharma-
cological blockade of p38 activity enhances phagosome acidi-

FIG. 3. Inhibition of p38 restores the capacity of Mtb-MoDC to
present lipid antigens to CD1-restricted T cells. The APC function of
Mtb-MoDC was compared to that of control MoDC, DC derived from
uninfected monocytes pretreated with the p38 inhibitor SB203580
(MoDC	SB), or M. tuberculosis-infected monocytes pretreated with
the p38 inhibitor SB203580 (Mtb-MoDC	SB). In some experiments
MoDC were infected with M. tuberculosis (MoDC	Mtb) at the end of
the differentiation culture (day 5). (A) APC pulsed or not pulsed with
sulfatide were cocultured with a sulfatide-specific CD1a-restricted T-
cell clone. (B) A CD1b-restricted T-cell clone specific for Ac2SGL was
used to test the capacity of infected cells to process mycobacteria and
present lipid antigens. The bars indicate the amounts of IFN-� se-
creted by responder T-cell clones, and the lines indicate the percent-
ages of CD1 molecule expression on APC. The amounts of IFN-�
(mean � standard deviation of three replicates) were measured after
48 h of culture. The results of one experiment that is representative of
three experiments are shown. An asterisk indicates that there is a
significant difference in IFN-� secretion (P � 0.05) between M. tuber-
culosis-infected cells treated with SB203580 and nontreated cells.

FIG. 4. Kinetics of phagocytic receptor appearance at the onset of
monocyte differentiation into DC. Surface expression of CR3, man-
nose receptor (MR), and DC-specific intercellular adhesion molecule
3-grabbing nonintegrin (DC-SIGN) was analyzed using freshly isolated
monocytes (Mo T0) and monocytes after 12 and 24 h of culture with
GM-CSF and IL-4 (Mo 12h and Mo 24h, respectively). The dotted
lines indicate data for the appropriate isotype control MAbs. Data
from one experiment that is representative of three experiments are
shown.
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fication (9). Moreover, activation of MAPK signaling by an M.
tuberculosis 19-kDa lipoprotein has been demonstrated to in-
hibit class II transactivator and, as a consequence, class II
MHC expression by murine macrophages (20). Thus, our find-
ings for p38-mediated regulation of both CD1 molecule ex-
pression and lipid antigen presentation confirm the pivotal role
of MAPK signaling in regulation of the host defense against
mycobacterial infection. Of the several known downstream

targets of p38, we chose to examine ATF-2, since this molecule
has been shown to bind the CD1A promoter region and to
decrease CD1A transcription (5). ATF-2 was phosphorylated
in a p38-dependent manner in mycobacterium-infected mono-
cytes, suggesting that its activation may be involved in myco-
bacterium-induced inhibition of CD1A gene transcription.
However, additional transcription factors and/or other p38-
dependent posttranscriptional mechanisms involved in the reg-
ulation of CD1b and CD1c expression have to be investigated.

CR3 plays a pivotal role in the opsonic and nonopsonic
phagocytosis of mycobacteria (16, 28). A lectin-like domain in
the � subunit of CR3 mediates the nonopsonic binding of
mycobacterial outer capsular carbohydrates, such as �-glucan,
which has been shown to inhibit CD1 expression (7, 10). We
found that CR3 blockade before infection resulted in reduced
p38 and ATF-2 phosphorylation and increased expression of
CD1 molecules in DC derived from BCG-infected monocytes.
These data strongly suggest that BCG causes inhibition of CD1
expression through CR3-dependent p38 phosphorylation. Un-
expectedly, the CR3 blockade effects were only marginal in DC
derived from M. tuberculosis-infected monocytes. Since M. tu-
berculosis and BCG share the outermost structures of the cell
wall (10), they should interact with the same cellular recep-
tor(s). Thus, it is not clear why anti-CR3 MAb does not inhibit
the consequences of M. tuberculosis infection as efficiently as it
inhibits the consequences of BCG infection for CD1 expres-
sion. Infection, in contrast to treatment with isolated compo-
nents, challenges monocytes with several mycobacterial cell
wall components, which may lead to simultaneous engagement
of different pathogen recognition receptors, including Toll-like
receptors 2 and 4. Both of these receptors induce p38 phos-
phorylation (13) and could contribute in different ways to
group I CD1 regulation by BCG or M. tuberculosis together
with CR3. However, previously, Toll-like receptor 2 stimula-
tion by M. tuberculosis or an M. tuberculosis product was asso-
ciated with weak induction of CD1 molecule expression on
human monocytes (15, 26). These different results might have
been due to the diverse in vitro systems studied, which may
reproduce different stages of the disease. The use of monocytes
cultured in the absence of added cytokines may reproduce
monocyte-M. tuberculosis interactions that occur during pri-
mary tuberculosis (TB). Our method, which uses DC differen-
tiation stimuli, mimics postprimary TB, when monocytes are
recruited together with memory T lymphocytes into inflamma-
tory sites where M. tuberculosis is actively replicating. In fact,
we have previously shown that activated lymphocytes secrete
cytokines, such as GM-CSF, which drive differentiation of
monocytes into DC (17).

Findings concerning the protective role of group I CD1-
restricted T cells in infectious diseases are complicated by the
absence of animal models (2). Moreover, there have been only
a few conflicting reports on group I CD1 expression on APC in
lungs and/or lymph nodes from patients affected by TB (4, 8,
23). Thus, if group I CD1-restricted T lymphocytes contribute
to the effective defense against M. tuberculosis (12), the inhi-
bition of CD1 expression might allow M. tuberculosis to effec-
tively evade T-cell surveillance during infection in vivo. Along
these lines, we have shown that the functional consequence of
mycobacterium-induced CD1 inhibition is reduced activation
of CD1-restricted and lipid antigen-specific T cells. In conclu-

FIG. 5. BCG triggers CR3 to phosphorylate p38 and ATF-2 and to
inhibit CD1 expression on DC derived from BCG-infected monocytes
(BCG-MoDC). (A) Monocytes were incubated or not incubated with
an anti-CR3 MAb (clone ICRF44) (�CR3) or control isotype before
BCG infection. Group I CD1 expression was analyzed by flow cytom-
etry on day 5 of culture with GM-CSF and IL-4. The dot plots show
that BCG infection did not interfere with the differentiation of mono-
cytes into CD14� DC. The markers in the histogram plots were set to
exclude 95% of events recorded with the appropriate isotype control.
The percentages indicate the percentages of positive cells. Data from
one experiment that is representative of five experiments are shown.
(B) Monocytes were stimulated with BCG for 2 h. Cells were pre-
treated with an anti-CR3 MAb (ICRF44) or an isotype control before
BCG infection. Cell lysates were analyzed by immunoblotting with a
specific anti-phosphorylated p38 antibody (p p38) and a specific anti-
total p38 antibody (t p38). Similar data were obtained in three inde-
pendent experiments. (C) Monocytes were pretreated with p38 inhib-
itor or with the anti-CR3 MAb ICRF44 and then stimulated with BCG
for 2 h. Cell lysates were analyzed by immunoblotting with a specific
anti-phosphorylated ATF-2 antibody (p ATF-2) and a specific anti-
total ATF-2 antibody (t ATF-2). Similar data were obtained in three
independent experiments.
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sion, our findings show that M. tuberculosis has evolved a strat-
egy to hide its lipid antigens to T cells by blocking the CD1
lipid-presenting molecules on inflammatory APC. Restoration
of lipid-specific T-cell responses in vitro by pharmacological
inhibition of p38 may provide interesting new perspectives for
intervention against TB based on blockade of the M. tubercu-
losis-dependent modulation of CD1 expression.
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