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CD1d belongs to a group of nonclassical antigen-presenting

molecules that present glycolipid antigens and thereby activate

natural killer T (NKT) cells, a subset of bifunctional T cells. Little

is known so far regarding the expression and physiologic

regulation of CD1d. Here we show that all-trans-retinoic acid

(RA), the active metabolite of vitamin A, rapidly (1 hr after

treatment) increases CD1d mRNA in human and rodent mono-

cytic cells at a physiologic dose (10 nM). The induction is RA

specific and RA receptor (RAR) dependent—RA and an RARa
agonist, Am580, both had a pronounced positive effect, whereas

the addition of RARa antagonist partially blocked the increase in

CD1d mRNA induced by RA and Am580. The induction was also

completely blocked by the presence of actinomycin D. A

putative RA-response element was identified in the distal 59

flanking region of the CD1d gene, which binds nuclear retinoid

receptors and was responsive to RA in both gel mobility shift

assay and transient transfection assay in THP-1 cells. These

results further confirmed the transcriptional regulation of RA in

CD1d gene expression. Moreover, RA significantly increased a-

galactosylceramide-induced spleen cell proliferation. These

studies together provide evidence for a previously unknown

mechanism of CD1d gene expression regulation by RA and

suggest that RA is a significant modulator of NKT cell activation.
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Introduction

CD1d, a major histocompatibility complex (MHC)

class I–like molecule, is constitutively expressed by many

cell types in the hematopoietic cell family (1). It is

expressed by professional antigen-presenting cells such as

macrophages, dendritic cells (DC), splenic B cells, and even

T cells, and the cell surface expression of CD1d is subject to

additional regulation by cytokines or microbial products, as

observed for classical MHC molecules (2). CD1d is

responsible for glycolipid antigen presentation, which

activates a unique group of T cells, the natural killer T

(NKT) cells (3), that are involved in the regulation of both

innate and adaptive immune responses (4). Therefore, CD1d

plays an important role in mediating the antibacterial,

autoimmune, and antitumor responses of the host attributed

to CD1d-antigen complexes (1, 3–5). Among the emergent

spectrum of lipid antigens that can be presented by CD1d, a

synthetic glycolipid antigen, a-galactosylceramide (a-

GalCer), has been cocrystallized in the antigen-binding site

of human and mouse CD1d (6, 7) and has been studied most

intensively in experimental and clinical studies in the

activation of invariant NKT (iNKT) cells (1, 8). Although

the increased surface expression of CD1d has been shown to

increase the efficacy of T-cell activation (4), the mecha-

nisms regarding CD1d gene expression are poorly under-

stood.

Retinoic acid (RA), the most active metabolite of

vitamin A, is an important regulator of innate and acquired

immunity, as documented in both animal experiments and

clinical settings (9–13). RA has been shown to potentiate T

cell–dependent antibody production (11, 13) and T-cell

homing (14) in vivo, while at the cellular level RA is

essential for maintaining T-cell, NKT-cell and B-cell

functions (15–17). Because RA and other retinoids can

induce the differentiation and maturation of monocytic cells,

they are implicated in the regulation of antigen-presenting

cell functions (18–20). The actions of RA and other

bioactive retinoids are mediated by retinoic acid receptors

(RARs) and retinoid X receptors (RXRs), members of the

nuclear hormone receptor superfamily (21), which function

as ligand-regulated transcription factors by binding, most

often as heterodimers, to specific hormone response

elements, designated RARE and RXRE, respectively, in
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the promoter/enhancer regions of target genes (21, 22).

Through the activation of RAR and RXR, RA modulates the

expression of a large number of genes, and many of their

products are associated with the control of cell proliferation,

differentiation, and tissue homeostasis (22–24).

Previous studies have shown that RA can induce THP-1

cells to differentiate toward monocytic cells (20, 25). To

understand the underlying mechanisms, microarray studies

were carried out to determine the gene expression profile

regulated by RA. We observed and confirmed that RA is a

potent regulator of CD1d gene expression. Identification of

a functional RARE in the 59 flanking region of the human

CD1d gene further supported the transcriptional regulatory

effect of RA on CD1d gene expression. Furthermore, the

presence of RA also markedly enhanced the a-GalCer-

induced splenocyte proliferation, suggesting an active role

of RA in CD1d/a-GalCer-mediated iNKT-cell activation.

Materials and Methods

Cell Culture and Treatment. THP-1, HL-60, U937,

and HepG2 cells (ATCC, Manassas, VA) were propagated

in RPMI-1640 medium supplemented with 10% fetal bovine

serum (FBS) and 5 3 10�5 M b-mercaptoethanol (Invi-

trogen, Carlsbad, CA.). During experiments cells were

cultured in medium with 3% FBS. All-trans-RA and 9-cis-
RA (Sigma-Aldrich, St. Louis, MO) and Am580 were

applied to cells at a final concentration of 10 nM. a-GalCer

(Alexis Biochemicals, San Diego, CA) and b-GalCer

(Sigma-Aldrich) were used at 100 nM.

Peritoneal macrophages were obtained from 3-month-

old male and female Sprague-Dawley rats by lavage with 20

ml of cold PBS. These macrophages were washed and

plated in medium (RPMI-1640 medium supplemented with

10% FBS and 5 3 10�5 M b-mercaptoethanol; Invitrogen) at

378C for 4 hrs, the unattached cells were removed by

washing with warm medium, and remaining cells were

cultured and subjected to treatment.

Mouse spleen cells were obtained from male and

female C57BL/6 mice �8 weeks. Briefly, the mouse spleen

tissues were minced and passed through nylon mesh to

acquire single cell suspensions, centrifuged in Ficoll

(Sigma-Aldrich) to obtain mononuclear cells, and washed

thoroughly prior to experimentation. RPMI-1640 medium

supplemented with 10% FBS was used throughout experi-

ments.

RNA Isolation and Microarray. THP-1 cells were

cultured in 12-well plates (5 3 105 cells/ml/well) with RA

(10 nM) for various times. Total cellular RNA was isolated

at the time of harvesting (RNeasy Mini Kit; Qiagen,

Valencia, CA). RNA was subjected to microarray analysis

using Affymetrix U133–2 arrays (kindly provided by the

NCI Microarray Facility, Frederick, MD). Data were

analyzed with the median intensity set to 1 (0 on log2

scale), and all other values were expressed as log2 of

intensity. Data were analyzed by one-way analysis of

variance (ANOVA) using SuperAnova software (Abacus,

Berkeley, CA).

Reverse Transcription and Real-Time Polymer-
ase Chain Reaction (PCR). One lg of total RNA was

isolated from cultured cells as described above and

subjected to reverse transcription (Promega, Madison, WI)

and real-time PCR analysis (Bio-Rad, Hercules, CA).

Primers for CD1d were: forward 59-CAGATCTCGTCC-

TTCGCCAA-39; reverse 59-GCTCGGAGATACCATGAC-

TC-39. Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) mRNA was amplified at the same time as

internal controls for RNA integrity and reverse transcriptase

(RT)-PCR amplification (25). The real-time PCR product

was also electrophoresed on agarose gel to confirm the

specificity of the amplification. PCR conditions were

optimized as denaturing at 948C for 1 min, annealing at

628C for 1 min, and extension at 728C for 1 min for 35

cycles.

Gel Mobility Shift Assay. THP-1 cells were cul-

tured and nuclear protein was isolated at the time of

harvesting as described previously (25). Based on analysis

by the Tess Transcription Element Search System (http://

www.cbil.upenn.edu), a putative CD1d-RARE was located

within the CD1d gene promoter, and a fragment was chosen

and synthesized as a probe. The sequence of the probe was

ggtgAGGTGAggagaAGGTCAagaa, which contained 2

core binding sites (indicated by capital letters) separated

by 5 nucleotides. Several surrounding nucleotides at each

end were kept to ensure necessary binding ability. A mutant

fragment was also synthesized by modifying 2 nucleotides

(underlined) in the core region, giving the sequence:

ggtgAGAAGAg gagaAGAACAagaa. The wild-type frag-

ment was labeled with [c-32P]dATP and incubated with the

nuclear protein extract at room temperature for 15 mins. A

commercially available RARE, which has 2 half-sites with 5

nucleotides in between (DR5; Santa Cruz Biotechnology,

Inc., Santa Cruz, CA), and a respective mutant fragment

were used as competitors. For the supershift assay, nuclear

protein was incubated with antibodies for 15 mins and the

probe was added to the reaction for a further 15 mins. The

reaction was then separated on a 5% nondenatured

acrylamide gel by electrophoresis.

Transient Transfection and Luciferase Assay.
Promoter constructs were made by cloning the CD1d 59

flanking region (amplified by PCR from THP-1 genomic

DNA) into pGL3 plasmid (Promega). The inserted frag-

ments contained the transcription initiation site and

extended toward the 59 end that would drive the tran-

scription of firefly luciferase. A TK-Renilla luciferase

plasmid (Promega) was used as an internal control for

transfection. THP-1 cells were transfected by Nucleofactor

(Amaxa Biosystems, Gaithersburg, MD) according to the

manufacturer’s instructions and then cultured for 14 hrs in

the presence and absence of 10 nM RA. Cells were

harvested, and cell viability was checked by trypan blue

staining (Sigma-Aldrich) with viable cells higher than 90%.
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Cell lysates were subjected to luciferase assay (Promega).

The ratio of firefly versus renilla luciferase activity is

presented as the promoter activity.

Thymidine Incorporation Assay. Mouse spleno-

cytes (2 3 105/well) were plated in a 96-well plate with

different treatments for a total of 72 hrs. [3H]thymidine (0.2

lCi/well; Amersham Biosciences, Inc., Piscataway, NJ) was

added to cells for the last 4 hrs of culture. Cells were then

harvested onto glass-fiber filters with a cell harvester

(Cambridge Technology Inc., Watertown, MA) to determine

incorporation of [3H]thymidine by liquid scintillation

spectrometry.

Flow Cytometry Analysis. Mouse spleen cells were

subjected to staining with anti-CD11b-PE (BD Biosciences,

San Jose, CA) and anti-CD1d-Alexa 488 (Santa Cruz

Biotechnology Inc.). After staining, cells were washed and

subjected to flow cytometric analysis. The flow cytometric

data were analyzed by FlowJo software (Tree Star, Ashland,

OR).

Statistics. Values in charts are presented as mean 6

SEM. Two-tailed students t-test was performed unless

otherwise specified in figure legends, and P , 0.05 was

considered significant.

Results

RA Induces CD1d Gene Expression in THP-1
Cells. The regulation of CD1d mRNA in THP-1 cells was

first observed in microarray studies to identify cell differ-

entiation–related genes, for which THP-1 cells were treated

for varying times with a physiologic concentration of RA

(10 nM). Gene expression profiling identified CD1d as a

gene that was expressed at more than the median level of

intensity in untreated THP-1 cells and as one that responded

rapidly to RA. RA up-regulated the signal for CD1d by 10-

fold in 2 independent studies (Fig. 1A). In contrast, most

other genes involved in antigen presentation, such as genes

of the MHC class I and II families and the nonclassical

group 1 CD1 family members, CD1a, CD1b, CD1c, and

CD1e, were expressed at very low or negligible levels and

were not increased by RA. The MHC class II molecule

HLA-DRA was detectable in THP-1 cells but was

minimally regulated by RA (P ¼ 0.062, data not shown).

Quantitative real-time RT-PCR was conducted using

cells from independent experiments. This study confirmed

the microarray results (Fig. 1B) and demonstrated that RA

increased the level of CD1d mRNA more than 4-fold within

1 hr after addition of RA, with a peak expression around 6

hrs.

RA Induces CD1d Expression Selectively in
Cell Types. We also tested whether CD1d expression is

regulated by RA in other myeloid leukemic cell lines, using

U937 and HL-60 cells, which have been shown to undergo

cell differentiation in response to RA (26) and in primary rat

peritoneal macrophages. A similar increase in CD1d mRNA

by RA was observed for each of these monocytic cells,

although less than in THP-1 cells, showing that the

induction of CD1d gene expression by RA is not limited

to THP-1 cells (Fig. 2A). In contrast, CD1d was not up-

regulated by RA in Jurkat lymphoblast cells, although

Jurkat cells expressed a comparable basal level of CD1d

mRNA; CD1d mRNA was below the limit of detection in

HepG2 hepatocarcinoma cells (data not shown). Together,

these data provide evidence that the basal level of CD1d

gene expression and the responsiveness of the CD1d gene to

RA are cell type specific.

CD1d mRNA Is Up-Regulated by RARa-Selec-

tive Retinoids in a Cycloheximide-Insensitive Man-

ner. To examine the transcriptional regulation of CD1d by

Figure 1. All-trans-RA induces CD1d gene expression analyzed by
microarray and quantitative real-time RT-PCR. THP-1 cells were
cultured in the presence and absence of RA (10 nM) for different
times. (A) Total cellular RNA was isolated and subjected to
microarray analysis or RT-PCR. RA increased CD1d gene expres-
sion in a kinetic study by microarray analysis. A second dose of RA
(10 nM) was added to cells after 24 hrs as indicated by the arrow
Data are expressed as log2 of signal intensity, with 0 equal to the
median intensity for each array. n ¼ 3–6/time. Results for one-way
ANOVA followed by least significant difference test are shown;
groups with different letters are significantly different (P , 0.01). (B)
RA-induced CD1d mRNA expression was confirmed by real-time RT-
RCR in THP-1 cells cultured in the presence and absence of RA for
1–16 hrs. GAPDH was measured alone with CD1d and used as an
internal control. Data were derived from 2 independent experiments,
n¼6. * represents the significant difference between with and without
RA (P , 0.01).
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RA in more detail, real-time RT-PCR was conducted

comparing the activity of natural and synthetic retinoids.

CD1d expression was induced nearly equally by an RARa-

selective ligand (RA and Am580). In contrast, 9-cis-RA and

retinoid agonists of RARb, RARc, and RXR were not as

effective at the same concentration (Fig. 2B; data not shown

for other ligands). Moreover, the induction of CD1d mRNA

by all-trans-RA and Am580 was partially blocked by an

RARa antagonist, indicating that RARa is likely to play a

substantial if not dominant role in mediating the regulatory

effect of RA. Besides the retinoids, we also tested the effect

of vitamin D since it is reported to be involved in myeloid

cell differentiation (27). No alteration was observed

regarding the CD1d mRNA (data not shown). Taken

together, these data suggested that the induction of CD1d

expression is RA specific and involves the RAR family of

receptors.

To confirm that the rapid induction of CD1d mRNA by

RA is dependent on new RNA synthesis, an experiment was

performed by adding actinomycin D (Act D), a transcription

inhibitor, or cycloheximide (CHX), a protein synthesis

inhibitor, 1 hour before the addition of RA. As shown in

Figure 3A, Act D completely abolished the increase and

reduced the basal level. The addition of CHX to inhibit new

protein synthesis did not block the RA-mediated increase of

CD1d mRNA, consistent with a direct mechanism of CD1d

gene transcription by preexisting proteins.

The CD1d Promoter Possesses RAR-Binding
Activity and Is Responsive to RA. Since RA rapidly

and potently induced the level of CD1d transcripts and this

induction was apparently direct, we tested to see if the

induction was due to an effect of RA on transcription of the

CD1d gene. About 1.5 kb of human CD1d 59 untranslated

region was analyzed by the Tess Transcription Element

Search System. A putative RARE (direct hexanucleotide

repeat with 5 nucleotides in between [DR5]) was identified

in the distal region of the promoter (Fig. 3B). Comparison of

the human sequence with the counterpart in mouse and rat

revealed that all 3 species have the same putative RARE

(except rat has a DR6 instead of DR5) in the similar region.

A gel electrophoresis mobility shift assay (EMSA) was

performed first to determine if specific binding complexes

are formed on this region of the CD1d promoter. A human

CD1d-RARE was synthesized and used as a probe. As

shown in Figure 3C, the addition of RA to THP-1 cells

resulted in a marked increase in complex formation on this

probe, which could be completed by wild-type CD1d

RARE, or an excess of a canonical RARE (DR5-W), but not

by mutant oligonucleotides. A supershift assay showed that

the complex was retarded by antibodies to RARa, RARc, or

RXRa.

To study the promoter activity under the influence of

RA, promoter constructs were made as illustrated in Figure

3D. The vectors contained transcription initiation sites with

differing lengths of the 59 flanking region ligated to the

coding region of the luciferase reporter gene. Construct p1.5

contained the CD1d 59 flanking region with its putative

RARE, and p1.3 contained most of the 59 flanking region

but with the RARE region deleted. Transient transfection

assays with THP-1 cells showed that RA only increased the

luciferase activity of p1.5, which contained the putative

RARE. While the p1.3 promoter had a higher basal level of

luciferase activity than the p1.5 promoter, which may be

caused by the removal of an adjacent inhibitory element, it

showed no regulation by RA. From this experiment, we

inferred that CD1d-RARE is a functional element that is

responsive to RA in vivo. Because THP-1 cells are known to

be difficult to transfect, we shortened the incubation time

after transfection to 14 hrs to improve cell viability, and thus

the shorter time after transfection may explain the lower

response (2-fold increase) of luciferase activity to RA, as

Figure 2. All-trans-RA and an RARa-selective retinoid rapidly induce
CD1d mRNA in monocytic cells and rat peritoneal macrophages.
THP-1 cells and other cells, such as U937, HL-60, Jurkat, and rat
peritoneal macrophages (MU) were cultured in the presence and
absence of RA (10 nM) for 4 hrs. Total cellular RNA was isolated and
subjected to real-time RT-PCR for CD1d expression. GAPDH was
measured alone as an internal control. (A) RA induced the
expression of CD1d mRNA in other human myeloid leukemic cell
lines and in normal rat peritoneal macrophages but not in Jurkat cells.
* ¼ significant increase by RA, P , 0.01. (B) RA and an RARa
agonist, Am580, induced CD1d mRNA in THP-1 cells; the induction
was partially blocked by a simultaneous addition of 10-fold excess of
RARa antagonist (Ro 41–5253). THP-1 cells were treated with or
without RA/Am580 and with or without Ro 41–5253 for 4 hrs. Total
RNA was isolated for real-time RT-PCR analysis. * ¼ significant
reduction (P , 0.05) by antagonist; �¼ significant induction by RA or
Am580 compared with medium (P , 0.05).
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compared with a stronger RA-induced increase in CD1d

mRNA in nontransfected THP-1 cells.

RA Increases a-GalCer–Induced Mouse Spleen

Cell Proliferation. It is known that a-GalCer is a specific

antigen presented by CD1d to activate iNKT cells. Using

mouse spleen cell cultures, we observed that a-GalCer

induced a persistent spleen cell proliferation. Data for Day 3

are shown in Figure 4. RA alone did not increase the spleen

cell proliferation—in contrast, it inhibited the proliferation

of splenic B cells, which contribute about 55%–65% to the

total spleen cell population (17). However, RA significantly

enhanced a-GalCer–induced spleen cell proliferation (Fig.

4A), suggesting the positive role of RA in the regulation of

a-GalCer-mediated iNKT cell activation. We also observed

an increase in CD1d level in CD11b-positive spleen cells

(13) by flow cytometric analysis (Fig. 4B), which in another

system confirmed the positive regulatory effect of RA on

CD1d expression.

Discussion

Although many studies have focused on CD1d-

mediated NKT-cell activation, very little is known concern-

Figure 3. CD1d promoter possesses a functional RARE. (A) RA-induced CD1d mRNA expression was inhibited by addition of Act D 5 lg/ml (P
, 0.05) but not by CHX 5 lg/ml for 1 hr, with RA then added to cells for another 4 hrs. (B) Sequence alignment of CD1d RARE at the distal
region (�1.5 kb) of the promoters for human, mouse, and rat CD1d genes. Mutations for the human core binding sites are underlined. (C) A
representative image of gel EMSA results with the putative CD1d RARE. Nuclear protein was extracted from THP-1 cells cultured with and
without 10 nM RA for 6 hrs, and then 2 lg of protein was subjected to EMSA, using [c32P]-labeled CD1d-RARE as probe. The specificity of the
binding was confirmed by using mutant CD1d-RARE, which has 2 nucleotides mutated in the core binding region, and a consensus RARE, wild-
type DR5 (DR5-W) and mutant-type DR5 (DR5-Mu) as competitors. Supershift was performed by using antibodies against RARa, b, and c and
RXRa. An anti-NFjB antibody was used as a negative control. (D) RA increased the luciferase activity in p1.5-transfected cells. Two promoter
constructs, p1.5 and p1.3, which differ by the presence or absence of the putative RARE, were used in the transient transfection assay. THP-1
cells were transfected with these constructs and treated with and without RA for 14 hrs. * ¼ P , 0.01 due to RA.
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ing the regulation of CD1d gene expression. Because the

level of CD1d gene expression could directly regulate the

activation of NKT cells (4), it is important to understand the

regulation of CD1d as a factor in the activation and

regulation of iNKT cells. Previously a few reports showed

that CD1d expression in macrophages can be regulated by

cytokines, such as IFNc, and bacteria components (2).

Although the 59 untranslated region of the mouse and

human CD1d gene has been studied in part and certain

characteristics of the promoter have been defined, such as

the involvement of more general transcription factors of the

Sp-1 and Ets families (28, 29), the transcriptional regulation

of the CD1d gene by specific regulatory factors has not been

reported previously. Our current studies have identified a

novel factor—the retinoid hormone all-trans-RA—which

played a significant role in the regulation of CD1d

expression and function.

The addition of RA to THP-1 cells, at a physiologic

concentration similar to that in plasma (30), significantly up-

regulated CD1d transcription activity by rapidly increasing

the CD1d mRNA level (Figs. 1 and 2). This effect was

stronger for THP-1 cells but was also evident in other

human monocytic cell lines, such as U937 and HL-60 cells,

as well as in rodent macrophages. Yet the regulation was

cell type specific because CD1d was not up-regulated by

RA in Jurkat cells, which expressed a detectable level of

CD1d, or in HepG2 cells, which did not. The reasons for

this specificity are not yet known but may be correlated with

the previously studied ability of RA to induce cell

differentiation in cells of the myeloid lineage (26). As it

has been reported that the cell type–specific expression of

CD1d greatly affects the functional development of NKT

cells (31–33), our data may imply that RA-regulated CD1d

expression on monocytic antigen-presenting cells may

selectively affect the development and function of NKT

cells, downstream of lipid antigen presentation by CD1d.

Interestingly, no other member of the CD1 family was either

highly expressed or regulated by RA in the microarray gene

analysis of THP-1 cells, which led to our main study. It is

worthy to mention that just recently Szatmari et al. (34)

reported that PPARc agonists can up-regulate CD1d gene

expression by increasing RA synthesis in human dendritic

cells, and the increased CD1d expression is correlated with

NKT-cell expansion and cytokine production.

Analysis of the 59 untranslated region of the CD1d gene

revealed a putative RARE that is well conserved in human,

mouse, and rat. This RARE contains the hexanucleotide

direct repeat, AGGTG(C)A, spaced by 5 nucleotides, that is

a hallmark of genes able to respond directly to RA though

the binding of RAR/RXR heterodimers to this element (21).

We confirmed by supershift assay that RARs and RXRs are

contained within the protein complexes bound to the CD1d

RARE. The use of a transient transfection assay further

demonstrated that only the vector that had the RARE could

response to RA treatment, implicating the functionality and

specificity of the CD1d RARE (Fig. 3).

Alteration of CD1d expression on DC or other cells

with antigen-presenting capabilities may be a mechanism

that regulates NKT-cell activation (2). In mouse spleen

cells, RA significantly enhanced a-GalCer–induced cell

proliferation (Fig. 4). This outcome suggests that an increase

in CD1d expression, induced by RA, may be one of the

important ways explaining the well-recognized effect of RA

in immune regulation, such as cytokine expression and

antibody production (13, 35).

In conclusion, this study demonstrated that RA is a

potent regulator of CD1d expression and function. RA can

regulate CD1d mRNA directly through increased tran-

scription of the CD1d gene. RA also regulates the a-

GalCer–mediated activation of NKT cells by increasing cell

proliferation. Our study provides new information on the

regulation of CD1d expression and activity on which to base

further studies to examine in detail CD1d protein expres-

sion, trafficking, and functionality under the regulation of

RA, and to understand the biologic effect of RA on NKT

Figure 4. RA regulates CD1d/a-GalCer–mediated mouse spleen cell
proliferation and CD1d expression. (A) Mouse spleen cells were
cultured in the presence and absence of a-GalCer and/or RA for up to
3 days. Cell proliferation was determined each day by [3H]thymidine
incorporation, and the 3-day data are shown. *¼P , 0.05 due to RA
or a-GalCer. (B) Increase of CD1d expression on mouse splenic
CD11bþ cells after 3 days of culture. Mouse spleen cells were
stained with CD11b-PE and CD1d-Alexa 488. CD1dþ cells were
gated on CD11bþ cells. * ¼ P , 0.05.
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cell–mediated regulation of innate and adaptive immune

responses.
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