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Type I and II interferons enhance dendritic cell
maturation and migration capacity by regulating CD38
and CD74 that have synergistic effects with TLR agonists

Thanh-Nhan Nguyen-Pham1,2, Mi-Seon Lim1,3, Truc Anh Thi Nguyen1,3, Youn-Kyung Lee1,4, Chun-Ji Jin1,3,
Hyun Ju Lee1, Cheol Yi Hong1, Jae-Sook Ahn1,2, Deok-Hwan Yang1,2, Yeo-Kyeoung Kim2, Ik-Joo Chung1,2,3,

Byoung Chul Park5, Hyeoung-Joon Kim2 and Je-Jung Lee1,2,3,4

The major limitation for the maturation of dendritic cells (DCs) using Toll-like receptor (TLR) agonists is their decreased ability to

migrate into lymph nodes compared with conventional DCs. CD38 can be used as a multifunctional marker to modulate migration,

survival and Th1 responses of DCs. CD74 has been shown to negatively regulate DC migration. The goal of this study was to investigate

the combinations of TLR agonists and interferons (IFNs) that most effectively regulate CD38 and CD74 expression on DCs. Synergistic

TLR agonist stimulation in combination with IFN-a and IFN-c was the best method for regulating CD38 and CD74 expression and

inducing the highest secretion of IL-12p70. An in vitro migration assay showed that DCs treated with this combination had significantly

enhanced migratory ability, similar to that observed in cells expressing CD38, CD74 and CCR7. The results of this study suggest that an

alternative maturation protocol in which two TLR ligands are combined with type I and II IFNs generates potent DCs that have both a

high migratory capacity and high IL-12p70 production.
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INTRODUCTION

For dendritic cell (DC)-based cancer immunotherapy, effective induc-

tion of tumor-specific immune responses requires that DCs secrete high

concentrations of IL-12p70 in order to have a Th1 polarizing effect and

to migrate through lymphatic vessels to interact with T cells.

Conventional DCs expressing the specific receptor CCR7 can migrate

toward chemokines such as CCL19 and CCL21;1,2 conventional DCs

that mature in response to prostaglandin E2 can polarize naive T cells

toward a Th2 phenotype via increased secretion of IL-10 and inhibition

of IL-12p70 production in response to CD40 ligand (CD40L) stimu-

lation.3,4 Toll-like receptor (TLR) agonists are well known to trigger DC

maturation.5 TLR agonists alone induce DCs to produce small amounts

of IL-12p70, whereas selected combinations of TLR agonists synergis-

tically enhance the Th1 polarizing capacity of DCs by inducing the

production of large amounts of IL-12p70, not only in adult DCs but

also in human neonatal DCs.6,7 However, a major limitation of using

DCs activated by combinations of TLR agonists is their reduced ability

to migrate into lymph nodes compared with conventional DCs.

CD38 is a signaling receptor that triggers a wide range of responses

in various types of blood cell.8–12 CD38 is downregulated during the

differentiation of monocytes into immature DCs and then expressed

again upon maturation. The level of CD38 expression on DCs is

dependent on the activating stimulus. CD38 activation can upregulate

CD83 expression and IL-12 secretion, which suggests that CD38 is a

genuine marker for maturation.13 In addition, CD38 serves as a novel

multifunctional marker that is involved in migration, survival and the

Th1 immune response.14 The migration-inducible activities of CD38

in mature DCs are driven by CCL21.14 Recently, the major histocom-

patibility complex class II-associated invariant chain (CD74 or Ii) has

been reported to negatively regulate DC migration in vivo.15 The

absence of CD74 causes activated DCs that migrate from the periphery

to accumulate in lymph nodes. Regulation of DC migration by CD74

is not due to altered responses to the CCL21 and CCL19 chemokines

or differential secretion of soluble factors.15

Interferon (IFN) has been shown to play an important role in DC

function. Treatment of immature DCs with IFN-a results in the

upregulation of surface markers, T-cell stimulatory capacities and

migration-related chemokines.16,17 IFN-c also upregulates IL-12 pro-

duction, CCR7-driven migration, CD38 expression and activated Th1

cell recruitment.18 Although a combination of IFN and a TLR3 agonist

can generate potent DCs,19,20 optimization of the combination of

these stimuli is needed to produce high-quality DCs that can generate
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potent cytotoxic T lymphocytes and have the ability to migrate to

lymph nodes. DCs with these characteristics may be used as an effec-

tive tool for cancer immunotherapy.

In this study, the optimal combination of TLR agonists and IFNs for

inducing expression of CD38 and CD74 by DCs was investigated. In

addition, the ability of DCs to produce large quantities of the Th1

polarized cytokine IL-12p70 and migrate toward CCL21 was examined.

MATERIALS AND METHODS

Generation of DCs

Monocytes were isolated from peripheral blood from healthy donors

as described previously.21 Adherent monocytes were cultured in

RPMI-1640 supplemented with 10% fetal bovine serum and 1%

penicillin-streptomycin (all from Gibco-BRL, Grand Island, NY,

USA) in the presence of 50 ng/ml GM-CSF (LG Biochemical,

Daejeon, Korea) and 10 ng/ml IL-4 (R&D Systems, Minneapolis,

MN, USA). DCs were matured with one or more of the following

TLR agonists: 1 mg/ml of lipopolysaccharide (LPS) (Sigma-Aldrich,

St Louis, MO, USA), 20 mg/ml of poly(I:C) (Sigma-Aldrich), 1 mg/ml

of flagellin (kindly provided by Dr Rhee at Chonnam National

University, Gwangju, Korea) and 1 mg/ml of imidazoquinoline

(InvivoGen, San Diego, CA, USA). When indicated, combinations

of two TLR agonists were prepared in the presence or absence of

3000 U/ml of IFN-a (LG Life Science, Chonbuk, Korea) and/or

1000 U/ml of IFN-c (Strathmann Biotech, Hamburg, Germany).

Immunophenotyping

The immunophenotype of the DCs was analyzed by flow cytometry

using commercially available FITC- and PE-labeled mAb against

CD83, CD38, CD74 and CCR7. The samples were acquired on a

FACSAria cell sorter (BD Biosciences, San Jose, CA, USA), and the data

were analyzed with Win MDI Version 2.9 (Bio-Soft Net). Fluorescence

data are reported as the percentage of positive cells when treatment

induced the expression of the marker in cells that were double-stained;

median fluorescence intensity was used when treatment increased the

expression of the marker in cells that were single-stained.

IL-12p70 production

IL-12p70 concentrations in supernatants were measured using the BD

OptEIA ELISA Set (BD Biosciences). Supernatants were collected

from cultured DCs during differentiation and after subsequent stimu-

lation with 53104 CD40L-transfected J558 cells for 24 h (kindly pro-

vided by Dr Kalinski at University of Pittsburgh, Pittsburgh, PA,

USA), which mimics the interaction with CD40L-expressing Th cells.

Migration assay

The chemotactic effects of CCL21 on DCs were measured by migration

through a polycarbonate filter with 5 mm pores in 24-well transwell

chambers (Corning Costar, Cambridge, MA., USA), as described

previously.14 Briefly, the lower chamber was filled with 600 ml of med-

ium containing the indicated dose (250 ng/ml) of CCL21 (BD

Biosciences) or medium alone as the control. The DCs (13105) were

added to the upper chamber in 100 ml of medium. The migration

chambers were incubated for 3 h at 37 uC. A 500 ml aliquot of the cells

that migrated to the bottom chamber was counted by flow cytometry

in a FACSAria cell sorter (BD Biosciences); events were acquired for a

fixed time period of 60 s using CellQuest software (BD Biosciences).

The results were expressed as the number of migrated cells calculated

as the difference between the number of cells that migrated into the

lower chamber containing chemokines and the number of cells that

migrated in medium alone.

Statistical analysis

All statistical analyses were performed using the SPSS 13.0 program for

Windows. The Mann–Whitney U test was used to calculate the sta-

tistical significance of non-parametric differences between groups.

P values ,0.05 were considered statistically significant.

RESULTS

Combining TLR agonists had a synergistic effect on DC maturation

TLR-specific signals can induce the maturation of DCs and generate

different responses to stimulation via different TLRs.22,23 The optimal

combination of TLR ligands for inducing synergistic effects was deter-

mined by evaluating IL-12p70 production by mature DCs in the pres-

ence of TLR ligands (TLR3, 4, 5 and 7/8) alone and in various

combinations. All TLR agonists used in this study upregulated the

expression of CD80 and CD86 in DCs (data not shown). As shown

in Figure 1, the TLR3 agonist (poly(I:C)) and the TLR4 agonist (LPS)

induced higher expression of maturation markers (CD83 and CD38)

in DCs than the TLR5 agonist (flagellin) and the TLR7/8 agonist

(imidazoquinoline), when used at a concentration of 1 mg/ml.

However, these TLR agonists could induce full DC maturation when

the concentration was increased to more than 1 mg/ml (data not

shown). When the TLR agonists were combined, the phenotypic

expression of CD83 and CD38 in the DCs was increased. Of the com-

binations tested, stimulation with an endosomal TLR3 agonist

(poly(I:C)) and a membrane-associated TLR4 agonist (LPS) signifi-

cantly enhanced the expression of CD83 and CD38 compared to the

other combinations (P,0.05) (Figure 1). In addition, the extent of

CD38 and CD83 expression was similar under all conditions.

IL-12p70 is not efficiently secreted in DCs stimulated by microbial

pathogens alone; however, it is induced at high levels after CD40 on

activated DCs interacts with CD40L on activated Th cells.24,25 In this

study, the production of IL-12p70 was generally low in primary cul-

ture supernatants from DCs during maturation with a TLR agonist

alone. However, IL-12p70 production was significantly increased

when the TLR3 and TLR4 agonists were combined to induce DC

maturation relative to the other combinations of TLR agonists

(P,0.05) (Figure 2a). These results, based on phenotypic expression

and IL-12p70 production, suggest that an endosomal TLR3 agonist

and a membrane-associated TLR4 agonist could act synergistically to

enhance DC maturation.

The optimal concentration of LPS for inducing the synergistic effects

when combined with poly(I:C) was determined. The production of IL-

12p70 by mature DCs in the presence of various concentrations of LPS

(0.01, 0.1 and 1 mg/ml) alone and in combination with poly(I:C) at 20 mg/

ml was evaluated. We found that the combination of lower concentra-

tions of LPS (up to 0.1 mg/ml) and poly(I:C) could not increase the

production of IL-12p70 during maturation or upon CD40L stimulation

compared with LPS or poly(I:C) alone. However, when used at 1 mg/ml,

LPS in combination with poly(I:C) enhanced the production of IL-12p70

during maturation and after CD40L stimulation (Figure 2b and c).

Both IFN-a and IFN-c synergistically enhanced the maturation of

DCs in the presence of TLR agonists

IFN-a and IFN-c have been shown to play important roles in DC func-

tion and cytokine production. The effects of IFN, when combined with

TLR agonists, were studied by examining the regulation of expression of

several DC markers (CD83, CD38, CD74 and CCR7) and the production
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of IL-12p70 during maturation and after CD40L stimulation. Immature

DCs underwent maturation with poly(I:C) or LPS alone, with both

stimuli, or with both in combination with IFN-a and/or IFN-c. As shown

in Figure 3, the DCs treated with IFN-a plus IFN-c showed lower

expression of CD83 and higher expression of CD74 compared with the

TLR agonist-treated DCs. These results suggest that IFN could not fully

induce DC maturation despite the upregulation of CCR7. The addition

of IFN-a or IFN-c to the TLR stimulation further enhanced the express-

ion of CD83, CD38, and CCR7 compared to TLR stimulation alone. The

simultaneous addition of IFN-a plus IFN-c to the TLR stimulation had a

synergistic effect, resulting in a further increase in CD83, CD38 and

CCR7 expression compared to TLR stimulation alone (for each marker,

P,0.05). The synergistic effects were clearly observed with the combina-

tion of both TLR agonists, poly(I:C) and LPS, with IFN-a plus IFN-c

(P,0.02). The negative regulation of CD74 expression upon DC activa-

tion modifies the capacity of DCs to migrate.15 In this study, the question

of whether CD74 expression was regulated by TLR agonists and/or IFN

was investigated. Immature DCs and IFN-induced DCs showed high

levels of CD74 expression. As shown in Figure 3, TLR agonists alone

slightly downregulated CD74 expression compared to the immature

DCs. The addition of IFN-a or IFN-c to the DCs that were matured

with a TLR agonist did not change CD74 expression compared with the

TLR agonists alone. However, the addition of both IFN-a and IFN-c

resulted in significant downregulation of CD74 expression in the

TLR-stimulating DCs (P,0.05). These results indicate that selected

TLR agonists synergistically act with IFN-a and IFN-c to regulate

CD74 expression. These findings suggest that IFN synergistically acts with

TLR agonists to enhance the expression of DC maturation markers and

the regulation of migrating DC molecules.

Expression of CD38 and the well-established maturation marker,

CD83, was studied in DCs to confirm that the activated cell population

was positive for both CD38 and CD83. The comparative analysis of the

percentage of CD381 and CD831 cells among mature DC after 48 h

maturation is shown in Figure 4. The simultaneous addition of IFN-a

plus IFN-c to the stimulation with LPS had a synergistic effect, result-

ing in a significantly higher percentage of CD831 and CD381 mature

DC than in samples stimulated with LPS alone (80.862.9% and

79.663.2% versus 60.762.6% and 53.164.7%; mean6s.e., P,0.05)

(Figure 4a). Similar results were observed when poly(I:C) was com-

bined with IFN-a plus IFN-c (76.164.6% and 72.462.8% versus

62.661.3% and 45.462.8%; mean6s.e., P,0.05) (Figure 4b). The

synergistic effects were clearly observed when both TLR agonists,

poly(I:C) and LPS, were combined with IFN-a and IFN-c

(90.463.4% CD831 and 95.361.2% CD381; mean6s.e., P,0.02)

(Figure 4c).

The effect of IFN, in combination with TLR agonists, on IL-12p70

production by DCs, was investigated. The addition of IFN-a or IFN-c

to TLR-stimulated DCs alone or in combination significantly

Figure 1 Phenotypic expression of DC maturation markers in response to different TLR agonists. (a) iDCs were matured with agonists for TLR3 (poly(I:C)), TLR4 (LPS), TLR5

(Fla) or TLR7/8 (Imi), or with a combination of two TLR agonists. Expression of CD83 and CD38 was analyzed by flow cytometry. CD83 and CD38 expression after stimulation

with the combination of poly(I:C) and LPS was higher than that observed with the other agonists. A representative histogram indicating the expression of markers (shaded)

compared to isotype controls (black line) is shown. (b) Data are shown as the increase in MFI over the isotype control6s.d. from five independent experiments (*P,0.05).

DC, dendritic cell; Fla, flagellin; iDC, immature DCs; Imi, imidazoquinoline; LPS, lipopolysaccharide; MFI, mean fluorescence intensity; TLR, Toll-like receptor.
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enhanced the ability of maturing DCs to produce IL-12p70, compared

to DCs stimulated with a TLR agonist alone (P,0.05). The effects with

IFN-c were more dramatic than with IFN-a, consistent with prior

reports.24,25 Furthermore, the addition of both IFN-a and IFN-c to

a combination of the TLR agonists, poly(I:C) and LPS, significantly

enhanced the production of IL-12p70 in DCs compared with the

addition of IFN-a or IFN-c alone (P,0.02). The synergistic effects

on IL-12p70 production were observed not only during maturation

but also during subsequent CD40L stimulation (Figure 5).

Both IFN-a and IFN-c had synergistic effects on the regulation of

DC migration in the presence of TLR agonists

By regulating CD38, CD74 and CCR7 expression, type I and II IFNs

had synergistic effects in the presence of TLR agonists on the regu-

lation of DC migration. Migration to secondary lymph node organs is

required for the induction of antigen-specific T-cell responses by DCs.

The first important mediator in the mobilization of DCs to lymph

nodes is CCR7; however, upregulation of CCR7 alone by DCs is insuf-

ficient to drive DC migration toward CCL19 and CCL21.1 Recently,

Figure 2 IL-12p70 production after DC maturation with different TLR agonists. (a) iDCs were matured with different TLR agonists as described in Figure 1. IL-12p70

secretion was measured in culture supernatants by ELISA. Only (LPS1poly(I:C))-DCs showed significantly higher production of IL-12p70 than the other DCs. (b, c) The

optimal concentration of LPS to induce the synergistic effects was determined. iDCs were matured with various concentrations of LPS (0.01, 0.1 or 1 mg/ml) alone and

in various combinations with poly(I:C) at 20 mg/ml. IL-12p70 was measured in supernatants during maturation and after CD40L stimulation. Only a concentration of

1 mg/ml LPS in combination with poly(I:C) enhanced the production of IL-12p70 during maturation as much as CD40L stimulation. The data are shown as the

mean6s.d. (pg/ml) of triplicate cultures from two representative data sets from four independent experiments (*P,0.05). CD40L, CD40 ligand; DC, dendritic cell; Fla,

flagellin; iDC, immature DC; Imi, imidazoquinoline; LPS, lipopolysaccharide; TLR, Toll-like receptor.
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the upregulation of CD38 and downregulation of CD74 have been

shown to regulate DC migration in vitro and in vivo.12–15 Figure 3

shows that the TLR agonists poly(I:C) and LPS had synergistic effects

on the upregulation of CD38 and CCR7 and the downregulation of

CD74 in DCs in the presence of IFN-a and IFN-c. To confirm the

migratory capacity of DCs in response to CCL21, a direct migration

assay was used. As shown in Figure 6, the number of DCs that migrated

toward CCL21 was similar in the DCs that underwent maturation with

TLR ligands alone or in combination. Although IFN-a and IFN-c

could further enhance the production of IL-12p70 in the DCs, their

effect on the migratory capacity of the DCs remains unknown. In this

study, the addition of IFN-a or IFN-c to a single TLR agonist had a

minor effect on the migratory capacity of DCs, whereas the addition of

IFN-a or IFN-c alone to the combination of poly(I:C) plus LPS

increased migration. Migration was greater following stimulation with

IFN-c than with IFN-a. The combination of IFN-a and IFN-c signifi-

cantly increased the migration of poly(I:C)- or LPS-stimulating DCs,

which was dramatically enhanced when poly(I:C) was combined with

Figure 3 Phenotypic expression of DC maturation markers in response to different TLR agonists in combination with IFN. iDCs were matured with poly(I:C), LPS or

both in the presence or absence of IFN-a and/or IFN-c. The expression of CD83, CD38, CCR7 and CD74 was analyzed by flow cytometry. The combination of poly(I:C)

and LPS with type I and II IFN upregulated the expression of CD83, CD38 and CCR7, but downregulated the expression of CD74 compared with DCs matured with other

stimuli. Data are shown as the increase in MFI over the isotype control6s.d. from five independent experiments (*P,0.05; **P,0.02). DC, dendritic cell; iDC,

immature DC; IFN, interferon; LPS, lipopolysaccharide; MFI, mean fluorescence intensity.

Figure 4 Comparative analysis of CD83 and CD38 surface expression. Immature DCs were treated for 48 h in the presence of the indicated stimuli, and the expression

of CD83 and CD38 was assessed by FACS analysis of DCs by double-staining with CD83 and CD38-specific mAb or control isotype-matched mAb. The percentages of

cells expressing CD831 and CD381 are shown for TLR-stimulated DCs (open symbols; n54) or DCs treated with a combine of IFN and TLR agonists (filled symbols;

n54). The TLR agonists are indicated as follows: (a) LPS (&), (b) poly(I:C) (.) or (c) LPS 1 poly(I:C) (m). DC, dendritic cell; IFN, interferon; LPS, lipopolysaccharide;

mAb, monoclonal antibody; TLR, Toll-like receptor.
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LPS (P,0.05), which is consistent with the phenotypic expression

profiles shown in Figure 3.

The addition of IFN-a and IFN-c in the presence of the TLR ago-

nists, poly(I:C) and LPS, upregulated CCR7 and CD38 in DCs and

downregulated CD74. This phenomenon enabled the DCs to effi-

ciently migrate to the lymph nodes in response to CCL21. Type I

and II IFN have synergistic effects in the presence of TLR agonists

on the regulation of DC migration by modulating the expression of

CD38, CD74 and CCR7.

DISCUSSION

Functionally potent DCs for effective immunotherapy should have a

strong Th1-polarizing capacity, characterized by IL-12 production, and

the ability to migrate into lymph nodes for the cross-presentation of

antigens to effector T cells. In this study, combinations of TLR ligands

were studied that significantly enhanced DC maturation with regard to

the phenotypic expression of maturation-related molecules and produc-

tion of the IL-12p70 cytokine. Each member of the TLR family recognizes

a specific ligand derived from bacteria or viruses that activates a specific

cellular response. For the TLR agonists used in this study, poly(I:C) is

recognized by TLR3; the recognition of LPS is mediated by TLR4, fla-

gellin is recognized by TLR5 and imidazoquinoline is recognized by TLR7

and TLR8 in humans.22 When the immune system responds to a patho-

gen, TLRs can recognize several TLR agonists that trigger TLR signaling

in distinct cellular compartments. Although overlap exists among the

signaling pathways induced by the various TLRs, the differences between

cells activated by individual TLR-specific signals suggest that DCs are

able to differentially respond to stimulation with different TLRs.22,23

Synergistic effects of TLR agonists have been reported in adults and

neonates, leading to enhanced production of inflammatory cytokines

and Th1-polarizing capacity.6,7 Although several TLR agonists could

induce the maturation of DCs to different degrees, the combination of

Figure 5 IL-12p70 production after DC maturation with different TLR agonists in combination with IFN. iDCs underwent maturation for 48 h, as described in Figure 3.

IL-12p70 secretion was measured in culture supernatants (left panel) and from DCs further stimulated with CD40L-transfected J558 cells (right panel). The addition of

IFN-a and/or IFN-c to TLR agonist stimulation enhanced IL-12p70 production during maturation as well as after CD40L stimulation. The data are shown as mean6s.d.

(pg/ml) of triplicate cultures from three representative data sets from five independent experiments (*P,0.05; **P,0.02). CD40L, CD40 ligand; DC, dendritic cell;

iDC, immature DC; IFN, interferon; LPS, lipopolysaccharide; TLR, Toll-like receptor.

Figure 6 Migration of TLR agonist-stimulated DCs was enhanced in the presence of both type I and II IFNs. Immature DCs underwent maturation with different TLR

agonists in combination with IFN and were tested for migration in response to CCL21 as a ligand for CCR7 in a transwell assay. The addition of IFN-a and IFN-c to the

TLR agonist combination markedly enhanced the migration of DCs. The results represent the mean number of migrated cells6s.d. from three independent

experiments (*P,0.05). DC, dendritic cell; IFN, interferon; LPS, lipopolysaccharide; TLR, Toll-like receptor.
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an endosomal TLR3 agonist, poly(I:C), with a membrane-associated

TLR4 agonist, LPS, synergistically affected DC maturation. This syn-

ergistic effect may be due to priming by one TLR agonist, resulting in

increased stimulation by a second TLR agonist, which reinforces the

maturation and activation process.

Type I or II IFN alone cannot fully induce DC maturation.

However, as potent cofactors with other maturation signals, type I

and II IFNs have synergistic effects that enhance DC maturation.18

Treating immature DCs with a combination of IFN and a TLR 3

agonist has been reported to generate mature type 1-polarized DCs

with high levels of IL-12p70 and potent cytotoxic T lymphocyte gen-

erating capacity. DCs activated in this manner have increased cyto-

toxicity in vitro against tumors compared with conventional DCs that

undergo maturation with prostaglandin E2.19 However, a major lim-

itation of such DCs is their reduced ability to migrate to primary

lymph organs due to their relatively low expression of CCR7 compared

with conventional prostaglandin E2-stimulated DCs. The results of

this study show that both IFN-a and IFN-c enhanced the maturation

of DCs, especially in the presence of a combination of TLR3 and TLR4

agonists. DCs stimulated with type I & II IFN plus TLR agonists

showed increased expression of maturation-related molecules and

high production of IL-12p70. Furthermore, both IFN-a and IFN-c
significantly enhanced the migratory capacity of DCs when combined

with poly(I:C) and LPS, resulting in the upregulation of CD38 and

CCR7, downregulation of CD74 and increased migration toward

CCL21. The ability of CD381 DCs to migrate in response to chemo-

kines appears to be due to the ability of these cells to mobilize Ca21 in

response to chemokine receptor engagement.12 CD74 regulates DC

movement by controlling the activity of myosin II, which is the motor

protein that controls actomyosin contractility, thus providing a mech-

anism to coordinate antigen processing and migration.15 The results of

this study suggest that type I and II IFNs have synergistic effects in the

presence of TLR agonists on the regulation of DC migration by con-

trolling the expression of CD38, CCR7 and CD74 in DCs.

DCs generated in vitro that can home to a local lymph node are

highly sought after for vaccination protocols but are difficult to pro-

duce in practice. This study and other recent reports offer new insight

into how the migratory capacity of DCs is enhanced and may provide a

novel approach for improving vaccination efficacy. The results of this

study suggest that, at the optimal concentration used to stimulate DCs,

the combination of the two TLR agonists poly(I:C) and LPS with type I

and II IFNs can be used to generate fully mature DCs that have high

migratory capacity and maintain the ability to produce IL-12p70.

Regulation of CD38 and CD74 could, in turn, enhance the migration

of DCs in the presence of a combination of two TLR agonists and IFNs.
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