
Serine leucocyte proteinase inhibitor-treated monocyte inhibits
human CD4

+ lymphocyte proliferation

Introduction

Human serine leucocyte proteinase inhibitor (SLPI) is an

11 700 molecular weight cationic non-glycosylated serine

protease inhibitor constitutively produced in mucosal sur-

faces such as airway epithelium and human uterus, but it

can also be secreted by inflammatory cells.1,2 The protease

inhibitory site of SLPI resides in the C-terminal domain

and inhibits cathepsin G, trypsin, chymotrypsin, chymase,

tryptase and mainly neutrophil elastase.2 The major func-

tion of SLPI is to inhibit inflammation by blocking the

proteolytic activity of serine proteases released by leuco-

cytes and also through down-modulating several cyto-

kines up-regulated via lipopolysaccharide such as tumour

necrosis factor-a, monocyte chemoattractant protein-1

and interleukin-6 (IL-6).2–4 However, it is well established

that SLPI anti-inflammatory activity is also mediated by

inhibition of proteolytic degradation of inhibitor of jB
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Summary

Serine leucocyte proteinase inhibitor (SLPI) is the main serine proteinase

inhibitor produced by epithelial cells and has been shown to be a pleio-

tropic molecule with anti-inflammatory and microbicidal activities. How-

ever, the role of SLPI on the adaptive immune response is not well

established. Therefore, we evaluated the effect of SLPI on lymphocyte pro-

liferation and cytokine production. Human peripheral blood mononuclear

cells (PBMC) were treated with mitogens plus SLPI and proliferation was

assessed by [3H]thymidine uptake. The SLPI decreased the lymphocyte

proliferation induced by interleukin-2 (IL-2) or OKT3 monoclonal anti-

bodies in a dose-dependent manner. Inhibition was not observed when

depleting monocytes from the PBMC and it was restored by adding

monocytes and SLPI. SLPI-treated monocyte slightly decreased MHC II

and increased CD18 expression, and secreted greater amounts of IL-4,

IL-6 and IL-10 in the cell culture supernatants. SLPI-treated monocyte

culture supernatant inhibited the CD4+ lymphocyte proliferation but did

not affect the proliferation of CD8+ cells. Moreover, IL-2 increased T-bet

expression and the presence of SLPI significantly decreased it. Finally,

SLPI-treated monocyte culture supernatant dramatically decreased inter-

feron-c but increased IL-4, IL-6 and IL-10 in the presence of IL-2-treated

T cells. Our results demonstrate that SLPI target monocytes, which in

turn inhibit CD4 lymphocyte proliferation and T helper type 1 cytokine

secretion. Overall, these results suggest that SLPI is an alarm protein that

modulates not only the innate immune response but also the adaptive

immune response.

Keywords: inflammation; innate immunity; macrophages/monocytes; pro-

teases; serine leucocyte proteinase inhibitor; T cells; T helper type 1

Abbreviations: CS, culture supernatant; PBMC, peripheral blood mononuclear cells; SLPI, serine leucocyte proteinase inhibitor.
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(IjB) and the activation of the transcription factor

nuclear factor-jB (NF-jB) in monocytes.5,6 Moreover,

SLPI knockout mice show impaired cutaneous wound

healing with increase activation of local transforming

growth factor-b (TGF-b).7 Other relevant functions

described for SLPI, which are independent of its anti-pro-

tease properties, include its antimicrobial activity against

fungi, viruses and several bacterial strains.2,8–12 Recently,

we have also reported that SLPI constitutes a pattern rec-

ognition receptor for mycobacteria that not only kills bac-

teria but facilitates their phagocytosis by macrophages.13

However, the role of SLPI in adaptive immunity has been

seldom tackled. Samsom et al.14 proposed that SLPI

expression in dendritic cells located in cervical lymph

nodes contributes to mucosal tolerance. Furthermore,

SLPI regulates class switching by dampening IgG and IgA

class switching recombination without affecting survival

and B-cell proliferation.15 However, splenic B cells from

SLPI)/) mice have higher proliferation rates and produce

higher levels of IgM.16 Recently, it was suggested that

SLPI produced by dendritic cells can play an important

role in dampening specific immune activation.17

The high expression of SLPI in mucosa and different

microenvironments such as in tumours18 may modify the

phenotype and function of heterogeneous and plastic resi-

dent cells. For example, cells of the myelomonocytic line-

age and even lymphocytes might be SLPI target cells.

Therefore, the aim of the present study was to examine

the ability of SLPI to modify the phenotype and function

of monocytes and study the role of these monocytes in

the activation and proliferation of lymphocytes. Our

results strongly suggest that human SLPI mainly affects

the monocyte cytokine pattern secretion and inhibits lym-

phocyte activation, proliferation and T helper type 1

(Th1) differentiation.

Materials and methods

Reagents

Recombinant human SLPI (rhSLPI) was cloned and

expressed as described previously.19 Briefly, Escherichia coli

strain BL21 CodonPlus (DAE)-RIL (Novagen, EMD Bio-

sciences, Inc., Darmstadt, Germany) transformed with the

SLPI-pET22b+ expression vector (Novagen, EMD Bio-

sciences, Inc., Darmstadt, Germany) were induced with

1 mM isopropyl-b-D-thio-galactoside (3 hr, 28�), harvested

and sonicated. The rhSLPI was purified with a Ni-NTA

resin column as described by the manufacturer (Quiagen,

Valencia, CA). To evaluate the activity of rhSLPI, the

trypsin inhibitory activity was assayed with the colori-

metric substrate N-succinyl-Ala-Ala-Pro-Phe q-nitroanilide

(Sigma-Aldrich, Saint Louis, MO), and the absorbance was

monitored at 405 nm in a microplate reader. Before using

SLPI in in vitro experiments, eluted fractions were purified

with a polymyxin B column. Contamination with lipopoly-

saccharide was < 0�1 EU/lg protein as determined by the

Limulus amoebocyte lysate assay. Human recombinant IL-

2, IL-4, IL-6, IL-10 and interferon-c (IFN-c) were pur-

chased from Peprotech (Rochy Hill, NJ).

Monoclonal antibodies

A number of monoclonal antibodies (mAb) that recognize

antigens present on leucocytes were used in vitro. These

included mAb anti-CD14 (MUP9, IgG2b), anti-CD54

[IgG1, R-phycoerythrin (R-PE)], anti-MHC I (IgG1, R-PE),

anti-CD86 (FUN-1, IgG1), anti-MHC II (IgG2a, R-PE),

anti-CD4-PE (Clone SK3), anti-CD8-PE (Clone RPA-T8),

anti-CD8-FITC (Clone HIT8a) and anti-CD25-FITC (Clone

2A3) which were purchased from BD Pharmingen (San

Diego, CA). Isotype control mouse IgG1 (R-PE) and IgG2a

(FITC) were purchased from Caltag (San Francisco, CA).

Anti-CD18 (Ts1/18, IgG1) and OKT3 mAb were purchased

from American Type Culture Collection (Rockville, MD).

Leucocyte isolation and harvesting of monocyte-derived
culture supernatant

After informed consent, human peripheral blood was

drawn and collected into EDTA plus acid citrate dextrose

of healthy donors between 09.00 and 11.00 hr. The

peripheral blood mononuclear cells (PBMC) were isolated

by centrifugation of blood through a Ficoll-Hypaque

(Pharmacia LKB Biotech., Piscataway, NJ) gradient.20

Monocytes and lymphocytes were purified from PBMC

with magnetic beads (Invitrogen Dynal AS, Oslo,

Norway) by CD14+ and CD14) selection, respectively.

Leucocyte purification was verified by flow cytometry.

The CD4+ and CD8+ lymphocytes were purified from

PBMC by cell sorting as follows: 90 · 106 PBMC were

incubated for 20 min on ice with 70 ll anti-CD4-PE and

70 ll anti-CD8-FITC antibodies. After washing, CD4+

and CD8+ were isolated using the cell sorter FACSAria�
II (Becton Dickinson, Mountain View, CA).

Monocyte culture supernatant (CS) was generated from

purified monocytes. These cells (5 · 104/well) were incu-

bated for 24 hr in RPMI-1640/10% fetal calf serum (FCS)

with or without SLPI (4 lg/ml). Then, cells were thor-

oughly washed to remove SLPI. Afterwards, cells were

incubated in RPMI-1640 with 10% FCS for another 24 hr

(37�). Finally, monocyte CS was harvested, centrifuged

(300 g, 10 min), and immediately dispensed in aliquots

and frozen at )70�.

Cell proliferation assay

The PBMC or lymphocytes were cultured in RPMI-1640/

10% FCS for 5 days, during which they were pulsed with

[3H]thymidine (1 lCi/well, specific activity 5 mCi/mmol;
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PerkinElmer, Life Sciences, Boston, MA) for the final

18 hr. Cells were harvested using a multi-well cell harvest-

ers and thymidine incorporation was measured with a

beta-counter.

Flow cytometry analysis

Cell characterization was performed by direct and indirect

immunofluorescence as previously described.21 Cells were

incubated with mAb at optimal concentrations (5–10 lg/

ml) for 45 min. For indirect immunofluorescence experi-

ments, cells were treated with R-PE-conjugated goat anti-

mouse immunoglobulin (DAKO, Glostrup, Denmark) for

45 min. For negative controls, cells were labelled with

irrelevant isotype-matched primary mAb. Fluorescence

intensity was analysed using a FACStar Plus (Becton

Dickinson, BD Biosciences, San Diego, CA) and dead cells

were excluded by gating with propidium iodide.

Cytokine determination

Levels of IFN-c, IL-4, IL-6 and IL-10 were measured using

the BD cytometric bead array kit (BD Biosciences, San

Diego, CA), following the manufacturer’s instructions.

Western blot

For PAGE and Western blot analysis, 105 PBMC/well

were treated with IL-2 and SLPI (4 lg/ml) for 2 hr.

Then, cells were incubated with lysis buffer (PBS con-

taining 5 mM EDTA, 1% nonidet-P40, 0�5% sodium

deoxycholate, 0�1% SDS, 142�5 mM KCl, 5 mM MgCl2,

10 mM HEPES, pH 7�2, 0�2 mM PMSF, 0�1% aprotinin,

0�7 lg/ml pepstatin and 1 lg/ml leupeptin) and incubated

for 1 hr on ice. After centrifugation (12 000 g, 15 min,

4�), the detergent-containing supernatant was removed

and protein concentration was quantified using the Micro

BCA� Protein Assay Reagent kit (Pierce, Rockford, IL).

Samples were then boiled in SDS-sample buffer containing

dithiothreitol (0�2 M) (Sigma-Aldrich) and analysed by

electrophoresis on a 6% polyacrylamide gel in the pres-

ence of SDS. Following electrophoresis, gels were trans-

ferred to nitrocellulose membrane and subjected to

Western blot analysis using enhanced chemiluminescence

(Amersham Corp., Little Chalfont, UK) with a polyclonal

antibody against T-bet (Clone 4b10, IgG1; Santa Cruz

Biotechnology, Santa Cruz, CA) and goat anti-rabbit IgG

(Chemicon International, Temecula, CA).

Statistical analysis

Analysis of variance and post-hoc Dunnett’s Multiple

Comparisons test and Student–Newman–Keuls Multiple

Comparisons Test were used for statistical analysis of the

data, as indicated in the legend of each figure.

Results

SLPI-treated monocytes inhibit human lymphocyte
proliferation

The effect of SLPI on lymphocyte proliferation was exam-

ined. For this, PBMC were treated with OKT3 mAb or

IL-2 in the presence or not of SLPI. Figure 1(a) shows

that SLPI significantly inhibited the cell proliferation

induced by OKT3 mAb. The same inhibition was

observed when cells were treated with IL-2 (Fig. 1b). The

effect of SLPI on PBMC proliferation was dose dependent

for both IL-2 and OKT3 mAb stimuli (Fig. 1c). Whether

SLPI was affecting cell proliferation directly on lympho-

cytes or through monocytes was analysed next. The

PBMC were depleted of CD14+ cells. Then, CD14)

mononuclear cells were treated with IL-2 and SLPI. Fig-

ure 1(d) shows that SLPI was not able to modify CD14)

mononuclear cell proliferation. However, a significant

decrease in cell proliferation was observed when those

cells were cultured in the presence of monocytes (CD14+

cells) and SLPI (Fig. 1d).

SLPI modulates monocyte expression of surface
molecules and cytokines

The next step was to evaluate the ability of SLPI to mod-

ify the expression of monocyte surface molecules and

cytokine release. Figure 2(a) shows that SLPI-treated

monocytes, slightly decreased MHC II and increased

CD18 expression; whereas no differences were observed in

the expression of CD86, CD54 and MHC I. Moreover,

SLPI-treated monocytes showed increased secretion of

IL-4, IL-6 and IL-10 in cell culture supernatants (Fig. 2b).

SLPI-treated monocyte CS impair CD4+ cells
proliferation

Cell–cell interaction or soluble factor(s) produced by

SLPI-treated monocytes may be responsible for mediating

the inhibition of lymphocyte proliferation. As SLPI-trea-

ted monocytes showed increased secretion of IL-4, IL-6

and IL-10 in cell culture supernatants, we wanted to ana-

lyse whether these cytokines were able to inhibit mono-

nuclear cell proliferation. The PBMC were treated with

IL-2 plus recombinant IL-4, IL-6 and IL-10 at concentra-

tions found in SLPI-treated monocyte CS (Fig. 2b). Fig-

ure 3(a) shows that cell proliferation was inhibited mainly

by IL-4, whereas the combination of all cytokines was not

able to further increase the inhibition. This result strongly

suggested that SLPI-treated monocyte CS might be able

to inhibit lymphocyte proliferation. To verify this hypoth-

esis, we examined the effect of SLPI-treated monocyte CS

on CD14-depleted PBMC proliferation. It is important to

mention that SLPI was not present in the CS, because
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SLPI-treated cells were thoroughly washed before the CS

generation, as described in the Materials and methods.

Figure 3(b) shows that SLPI-treated monocyte CS, but

not untreated, decreased the CD14-depleted PBMC prolif-

eration. This result suggests that soluble factors released

by SLPI-treated monocytes mediate the inhibition on cell

proliferation by targeting CD14) mononuclear cells.

Previous results with OKT3 as a mitogen (Fig. 1a), sug-

gested to us that T lymphocytes were the target cells for

the effect mediated by SLPI-treated monocyte. Moreover,

PBMC incubated with OKT3 mAb for 48 hr increased the

number of CD4 lymphocytes expressing CD25 (Fig. 3c).

The presence of SLPI in the culture significantly decreased

the number of CD4+ CD25+ (Fig. 3c) but not CD8+

CD25+ lymphocytes (data not shown). These results

suggest that SLPI may affect CD4 lymphocyte activation.

To confirm whether CD4 T lymphocyte subsets were the

target for SLPI-treated monocytes, CD4 and CD8 lym-

phocytes were isolated by cell sorter and cell proliferation

was examined in the presence of IL-2 and SLPI-treated
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Figure 2. Serine leucocyte proteinase inhibitor (SLPI) modifies the

phenotype and cytokine secretion of monocyte. (a) Expression of

CD86, CD54, CD18, MHC class I and class II in monocytes treated

with SLPI (4 lg/ml) for 18 hr. Data are expressed in the form of a

fluorescence histogram overlay depicting the staining of cells treated

with (thick solid line) and without (shaded curve) SLPI. The figure

shows a representative experiment of three independent experiments.

(b) Cytokine production after stimulation of monocytes with SLPI.

Monocytes were treated with SLPI (4 lg/ml, 24 hr). Then, cells were

thoroughly washed. Afterwards, cells were incubated (RPMI-1640/

10% FCS) for another 24 hr and the concentration of cytokines in

the supernatants was determined using a cytometric bead array kit.

Data represent the mean ± SEM of three experiments. *P < 0�05,

**P < 0�01; analysis of variance post hoc Dunnett Multiple Compari-

sons Test.
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Figure 1. Serine leucocyte proteinase inhibitor (SLPI) inhibits

human lymphocyte proliferation. Peripheral blood mononuclear cells

(PBMC; 105 cells/well) were cultured for 5 days in the presence of

well-coated OKT3 monoclonal antibody (mAb) (a, c) or 8 ng/ml

interleukin-2 (IL-2) (b, c). Cultures were supplemented with or

without SLPI (4 lg/ml). (c) SLPI dose–response on human PBMC

proliferation induced by IL-2 or OKT3 mAb. Cultures were supple-

mented with or without SLPI (0�04, 0�4 or 4 lg/ml). (d) Prolifera-

tion of CD14-depleted PBMC. CD14-depleted PBMC (105/well) were

cultured in the presence or not of 104 CD14+ cells. Furthermore,

cells were incubated (for 5 days) with or without SLPI (4 lg/ml) in

the presence of IL-2 (8 ng/ml). Proliferation was measured by

[3H]thymidine incorporation during the final 18 hr of culture. Data

are expressed as mean counts per min (c.p.m.) ± SEM of experi-

ments performed in triplicate. **P < 0�01, ***P < 0�001 anova post

hoc Student–Newman–Keuls Multiple Comparisons Test for (a;

n = 6), (b; n = 6) and (d; n = 5). Analysis of variance post hoc

Dunnett Multiple Comparisons Test for (c; n = 7 for IL-2 and n = 4

for OKT3).
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monocyte CS. Figure 3(d) shows that SLPI decreased

CD4+ lymphocyte proliferation but did not affect the pro-

liferation of CD8+ cells. These results confirmed that the

soluble factors released by SLPI-treated monocytes impair

CD4 lymphocyte activation and proliferation.

SLPI-treated monocyte CS inhibit Th1 cytokine
patterns

The CD4+ T cells can differentiate into different lineages of

T helper cells with distinct biological functions. To exam-

ine whether SLPI-treated monocytes might modify the dif-

ferentiation of Th1 cells, we analysed the expression of

nuclear factor T-bet. The PBMC were treated with IL-2 in

the presence or not of SLPI. Figure 4(a,b) shows that IL-2

increased T-bet expression and the presence of SLPI signif-

icantly decreased it. Moreover, we analysed the expression

of cytokines present at the end of the proliferation assay of

CD14-depleted PBMC treated with monocyte CS; i.e. the

cytokines present in the supernatant of proliferation assays

of the Fig. 3(b). Figure 4(c) shows that IFN-c was the

main cytokine in the supernatant of the CD14-depleted

PBMC proliferation assay. However, when this prolifera-

tion assay was performed in the presence of SLPI-treated

monocyte CS, the secretion of IFN-c decreased whereas it

increased the level of IL-4, IL-6 and IL-10.

Discussion

The SLPI inhibits lymphocyte T-cell activation, prolifera-

tion and Th1 differentiation through interaction with

monocytes. SLPI and other alarm anti-proteases, consti-

tute key mediators for the innate immune response. They

are secreted at the site of inflammation and present anti-

inflammatory activity.22 This anti-inflammatory activity

has been demonstrated in several organs, including, the

eye, lung, liver, brain and joint inflammation models.23–28

Monocytes/macrophages are important components of

the innate immune system, displaying pro-inflammatory

as well as anti-inflammatory effects depending on the

stimulus sensed.29–31 Among the effects of SLPI on mono-

cytes already described, it has been shown that SLPI can

suppress prostaglandin E2 production, matrix metallopro-

teinases 1 and 9,32 and can act through an effect on

NF-jB, either directly, by binding NF-jB consensus region

of target genes,6 or indirectly by preventing the degrada-

tion of IjB, the canonical inhibitor of NF-jB.5 Similarly,

we have also observed that SLPI inhibited IL-2-induced

IjB degradation on PBMC (data not shown). This SLPI-

mediated monocyte/macrophage anti-inflammatory effect

has been shown to further reduce eosinophil and neutro-

phil recruitment, histamine release, NF-jB activation

and production of anti-inflammatory cytokines.23,24,33–35

Because cells of the myeloid lineage (macrophages, mono-

cytes, dendritic cells) are instrumental in the activation of
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Figure 3. Serine leucocyte proteinase inhibitor (SLPI) -treated

monocyte culture supernatants (CS) inhibits human lymphocyte pro-

liferation. (a) Peripheral blood mononuclear cells (PBMC; 105 cells/

well) were cultured, for 5 days with or without 8 ng/ml of interleu-

kin-2 (IL-2) plus cytokines (2 ng/ml of IL-4; 10 ng/ml of IL-6;

0�7 ng/ml of IL-10) as indicated in the figure. (b) PBMC CD14-

depleted cells were cultured for 5 days in the presence of IL-2 (8 ng/

ml) and with either SLPI-treated or untreated (control) monocyte

CS. (c) PBMC were stimulated for 48 hr with OKT3 in the presence

of 4 lg/ml SLPI. Afterwards, cells were harvested and stained with

monoclonal antibody (mAb) against CD4 and CD25. Cells were then

analysed by flow cytometry. Bars represent the mean ± SEM of four

independent experiments. (d) CD4+ cells (5 · 104 cells/well) or

CD8+ cells (5 · 104 cells/well) were cultured for 5 day in the pres-

ence of IL-2 (8 ng/ml) and with either SLPI-treated or untreated

(control) monocyte CS. Proliferation was measured as described in

the Materials and methods. Data are expressed as mean counts/min

(c.p.m.) ± SEM of six experiments for (a) and (b) and three experi-

ments for (c) and (d). *P < 0�05, **P < 0�01 and ***P < 0�001, anal-

ysis of variance post hoc Dunnett Multiple Comparisons Test for

(a), and Student’s t-test for (b), (c) and (d).
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adaptive immune responses, we studied here the effect of

SLPI on this process. We show that SLPI has no direct

effect on lymphocytes because proliferation was not

affected by incubating SLPI with CD14-depleted PBMC.

However, SLPI acted on IL-2-stimulated and OKT3-stimu-

lated PBMC and this effect was reproduced when CD14)

mononuclear cells were incubated with monocytes in the

presence of SLPI. For practical reasons, we have not exam-

ined whether a direct interaction between SLPI-treated

monocytes and T cells mediates the inhibitory effect on

lymphocyte proliferation, but we are confident that mono-

cyte-treated SLPI act on lymphocytes in a paracrine fashion

because the suppressive effect of SLPI-treated monocytes

was present in their supernatant. Therefore, SLPI targets

monocytes, which in turn release soluble factors, probably

cytokines, which mediate the inhibition of lymphocyte pro-

liferation. In fact, SLPI-treated monocytes release IL-4,

IL-6 and IL-10 in cell CS. However, only IL-4 (at the same

concentration found in the SLPI-treated monocyte CS) was

able to reproduce the effect of SLPI on PBMC prolifera-

tion. Importantly, we showed that the soluble factors

released by SLPI-treated monocytes target CD4 and not

CD8 T cells and that these effects were accompanied by a

selective CD25 decrease on CD4 T cells.

Although our results showed a clear effect of SLPI on

monocyte-driven inhibition of CD4 T-cell proliferation, it

was deemed important to further characterize the type of

immune response involved. Indeed, it is known that

inflammatory monocytes are recruited and differentiate

into macrophages at the site of the inflammatory

lesion36,37 and that elicited macrophages are able to

acquire distinct phenotypes and activities when under the

stimulation of different stimuli. For instance, classical

activation, alternative activation, innate activation and

deactivation have been described.37 Classical activation

can be induced by treating macrophages with IFN-c and

lipopolysaccharide.37,38 These cells present high micro-

bicidal activity and produce pro-inflammatory cytokines

and they are associated with cellular immunity. Alterna-

tive activation results from supplementing macrophages

with IL-4 or IL-13 and is associated with tissue repair

and humoral immunity.37 Innate activation is mediated

in culture by ligation of Toll-like receptors and is associ-

ated with microbicidal activity and pro-inflammatory

cytokine production.37 Finally, deactivation is induced by

IL-10 or TGF-b, or by ligation of inhibitory receptors

such as CD200 receptor or CD172a, and is associated

with anti-inflammatory cytokine production and reduced

MHC class II expression.37 A more recent review by Mos-

ser and Edwards38 suggested a different grouping of mac-

rophage populations based on host defence, wound

healing and immune regulation activities. Hence, they

coined the expression ‘classically activated’ to designate

the effector macrophages that are produced during cell-

mediated immune responses, with enhanced microbicidal
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Figure 4. Serine leucocyte proteinase inhibitor (SLPI) -treated

monocyte culture supernatant (CS) inhibits T helper type 1 (Th1)

cytokine secretion and increases Th2 cytokine expression. (a) T-bet

expression. 105 peripheral blood mononuclear cells (PBMC)/well

were either treated or untreated with interleukin-2 (IL-2; 8 ng/ml)

and SLPI (4 lg/ml) for 5 days. Then, cells were incubated for 1 hr

on ice with a lysis buffer. Cell lysates with equivalent amounts of

protein (17 lg/lane) were run on 12% SDS–PAGE. Western blots

were performed with a polyclonal antibody against T-bet. Three

different polyacrylamide gels were scanned, densitometry was

performed and results were expressed as mean ± SEM of the ratio

T-bet/bactin. Control = 1; SLPI = 2. Markers migration are shown

on the left side, with a molecular weight for T-bet of 63 000.
#P < 0�05 compared with untreated PBMC; **P < 0�01 compared

with IL-2-treated, analysis of variance post hoc Student–Newman–

Keuls test. (b) A representative Western blot experiment of (a) is

shown. (c) Expression of IL-10, IL-6, IL-4 and interferon-c (IFN-c)

in the CS of CD14-depleted PBMC proliferation assay. CD14-

depleted PBMC (105 cells/well) were treated with IL-2 and with

either SLPI-treated or untreated monocyte CS for 5 days. Cytokines

were measured in the CS at the end of the proliferation assay with a

cytometric bead array. **P < 0�01 analysis of variance post hoc

Student–Newman–Keuls test.
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or tumoricidal activity and secretion of pro-inflammatory

cytokines; ‘wound-healing macrophages’ (formerly named

as alternative activated macrophages) to designate macro-

phages that help in the production of the extracellular

matrix and produce IL-4; and finally, the ‘regulatory mac-

rophages’ that produce IL-10 and TGF-b, down-regulate

IL-12 and present high levels of co-stimulatory mole-

cules.38

It is difficult to ascertain in which category SLPI-treated

monocytes belong: however, considering that monocytes

treated with SLPI produce IL-4, IL-6 and IL-10 and slightly

decrease MHC class II but do not produce TGF-b (data

not shown) or modify the surface expression of CD86, we

can tentatively assimilate SLPI-treated monocytes to either

‘deactivated’, ‘alternatively-activated’, ‘wound healing’ or

‘regulatory’ macrophages. It is probable that SLPI-treated

monocytes may bias the latter to differentiate in situ in

mucosa or tumour sites towards an ‘alternatively activated

state/wound healing macrophages’ by producing anti-

inflammatory/type 2 cytokines (as measured here with

increased levels of IL-6, IL-10, IL-4) ultimately leading to

an inhibition of lymphocyte proliferation and Th1 differ-

entiation (as measured here with reduced levels of T-bet

and IFN-c). However, we cannot rule out the differentia-

tion of SLPI-treated monocytes into regulatory macro-

phages. The difficulty in classifying SLPI-treated monocytes

may reflect the existence of a broader range of activation

states with complex phenotypes.38

In line with the relative ‘tolerogenic’ state described

here for SLPI-treated monocytes, it has recently been

shown that dendritic cells expressing SLPI in response to

TLR ligand (but not CD4017) conferred mice with a toler-

ogenic phenotype upon immunization with a model anti-

gen, because SLPI-deficient mice exhibited higher levels of

antigen-specific CD4 and CD8 T cells, compared with

wild-type mice.17 This study suggested that the highly

SLPI-expressing dendritic cells present at the mucosal

lymph nodes play an important role in dampening spe-

cific immune activation,17 as further analysed in the pres-

ent work.

In conclusion, in addition to its ‘classical’ role as an

inhibitor of inflammatory cells extra-cellular proteases

(e.g. neutrophil elastase), we show here that SLPI has a

major role in dampening down inflammatory and adap-

tive immune responses. Furthermore, we describe for the

first time that human SLPI may act through monocytes

and skew lymphocytic responses towards a type 2

immune response.
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