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SUMMARY

Regulatory cytokines mediate the participation of oral mucosal epithelial cells (OMEC) in local immune

responses. The aim of this study was to characterize the isoforms of IL-1 receptor antagonist (IL-1ra) in

cultured human primary OMECs and to compare its production with that of IL-1 alpha (IL-1a ) and IL-1

beta (IL-1b ). Western blot analysis showed that IL-1ra was 22 kDa in size hence slightly smaller than

monocyte IL-1ra (25 kDa). A minor form of 20 kDa was also found in unstimulated cell culture lysates.

In culture supernatants, IL-1 bioactivity increased after IL-1ra neutralization, indicating that the baseline

production of IL-1ra is biologically relevant. Immunohistochemistry showed a relation between IL-1ra

and involucrin expressions, suggesting that intracytoplasmic IL-1ra may be involved in cell terminal

differentiation. In unstimulated culture lysates, there was far more IL-1ra than IL-1a and IL-1b . TGF-

b1 markedly increased the IL-1ra/IL-1b ratio from 93´6 : 1 to 300 : 1. IL-4, which is generally

described as an anti-inflammatory cytokine, increased IL-1 but not IL-1ra production. TNF-a increased

intracellular production of the three IL-1 members. IL-1ra levels were lower in supernatants than in

lysates of cultured cells. Our results show that human OMECs constitutively produce significant

amounts of a biologically active form of IL-1ra. TGF-b1 mp-regulation points to a positive

amplification loop and IL-4 to a down-regulation loop, both including Th2 cells and OMECs. They

may be important in oral tolerance and IgA production, respectively.
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INTRODUCTION

A mucosa-associated lymphocyte population was first character-

ized in the oral cavity in 1981 [1]. Mucosa-associated lymphoid

tissues were soon established as central to mucosal immunity and

oral tolerance [2±4]. Oral mucosal epithelial cells (OMECs) act as

transmucosal carriers of antigens, antibodies and immune cells

[5,6]. They also produce several cytokines in functionally relevant

amounts [7,8]. In vitro, this production seemed to be constitutive

[9] but modulated by extraneous cytokines [10±13].

IL-1, a proinflammatory cytokine with two main forms, IL-1a
and IL-1b , is produced by several cell types including OMECs

[10]. Epithelial IL-1 is increased in oral inflammatory conditions

such as periodontitis [14], oral lichen planus [15] and Sjogren's

syndrome (SS) [16].

IL-1 receptor antagonist (IL-1ra) is a naturally occurring

inhibitor which competes with IL-1 for occupancy of IL-1 cell

surface receptors [17]. IL-1ra has two main variants, a secreted

IL-1ra (sIL-1ra) and an intracellular IL-1ra (icIL-1ra), which

characterize monocytes and epithelial cells, respectively [18,19].

We have documented previously the presence of IL-1ra in

OMECs and in normal human saliva [20].

The regulation of IL-1ra production by OMECS and

consequently the IL-1/IL-1ra balance have not been studied. We

hypothesized that if IL-1ra production is modulated by T cell

cytokines, an interplay between Th1/Th2 cytokines and epithelial

cytokines may arise. Little is known about IL-1ra production in

the oral mucosa. Immunohistochemistry suggested that IL-1ra is

expressed in the most differentiated layers of the buccal

epithelium [20]. Skin keratinocytes in culture produce IL-1 and

IL-1ra [21]. IL-1ra production is increased in cells that have been

differentiated in cultures with calcium [22,23].

In the present work, we studied IL-1 and IL-1ra production in

cultured OMECs. We evaluated its regulation by various
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cytokines and for comparison by calcium or hydrocortisone. We

assumed that if Th1 cytokines promote IL-1ra production and/or a

decrease in IL-1 production, OMECs would down-regulate

ongoing local Th1 responses. Conversely, if the Th1 cytokines

act on IL-1 and IL-1ra in opposite directions, OMECs would

amplify Th1 responses. OMECs could also engage in a separate

dialogue with Th2 cells and their Th3 subtype [24]. The

prominence of antibody-producing cells in oral mucosa makes it

likely that OMECs enhance Th2 responses. This could be a new

aspect of the `mucosal intranet' envisioned by Yamamoto et al.

[25]. In intestinal epithelium, cross-talk between intraepithelial

lymphocytes and epithelial cells modulates cytokine production

and participates in local immune responses or mucosal tolerance

[25]. The mucosal intranet, either intestinal or oral, may have an

important role in health and disease.

MATERIALS AND METHODS

Primary cultures

Human buccal tissue was obtained surgically during removal of

wisdom teeth from healthy donors (aged 13±19, n � 10). OMEC

cultures were established as described previously [26]. Briefly,

mucosal samples were placed extemporaneously in sterile

Dulbecco's modified Eagle's medium (DMEM, Life Technolo-

gies, Cergy-Pontoise, France) supplemented with penicillin

100 U/ml, streptomycin 100 mg/ml and amphotericin B 1 mg/ml

(all from Life Technologies). The connective tissue was discarded

and mucosal samples were then washed with PBS (Life

Technologies) and cut into 0´5 � 0´5 cm explants.

Each explant was plated into a well of a 12-well tissue culture

plate (Falcon 3043, Elvetec, Clermont-Ferrand, France) precoated

with fetal calf serum (FCS, Biosys, CompieÁgne, France). The

explant was allowed to adhere without medium for 10 min at

room temperature. A growth medium was then added consisting

of a mixture in equal volumes of RPMI 1640 and DMEM

supplemented with antibiotics and amphotericin B as above, FCS

0´5% and growth factors: EGF 10 ng/ml, hydrocortisone 2 mg/ml,

insulin 40 mg/ml and cholera toxin 30 ng/ml (all from Sigma, St

Quentin-Fallavier, France). Cell cultures were incubated at 378C
with 5% CO2. Culture supernatants were replaced every 2 days by

fresh growth medium. The explants were removed after 6 days,

leaving OMECs which had spread on the bottom of the well. A

few contaminating fibroblasts were discarded by gentle trypsini-

zation. The purity of the epithelial cell culture was determined by

first inverted microscope and then confirmed by immunostaining

(monoclonal anticytokeratin protein 13, clone KS-1A3, Sigma) on

cytospins. Most cell cultures reached confluency at 15 days or

later. They were then used for further experiments or for

subcultivations.

Subcultivations

OMEC monolayers were rinsed in PBS-EDTA (phosphate-

buffered saline containing 5 mm ethylene diamine tetracetate),

incubated in PBS-EDTA for 5 min at 378C and detached with

0´5% trypsin (1/250) and 5 mm EDTA (Life Technologies). After

trypsin neutralization by FCS and centrifugation at 400 g, cell

pellets were resuspended in culture medium and seeded into 24-

well culture plates (Falcon 3047, Elvetec) at 100 000 cells/well

(1 ml). For all stimulation experiments, cells were used in first or

second passages.

Reagents and cell stimulation

Epithelial cells were washed with calcium-free PBS and cultured

for 24 h in RPMI 1640 with or without the following test reagents:

10 ng/ml recombinant human TNF-a , IL-1a , IL-6, IFN-g , IL-4,

IL-10 and TGF-b1 (R&D Systems, Abingdon, UK), 50 mg/ml

hydrocortisone succinate (Sigma) or 1 mm calcium (Life Tech-

nologies). According to R&D Systems, all the recombinant

cytokines contained less than 0´01% of LPS. Cell culture

supernatants (1 ml/well) were harvested and non-adherent cells

were discarded after centrifugation at 9000 g for 5 min at 48C.

Adherent OMECs were lysed by three cycles of freezing/thawing.

Supernatants and cell lysates were stored at 2 208C until assayed.

Cytokine assays

IL-1ra, IL-1a and IL-1b concentrations were measured by

sandwich ELISA according to the kit manufacturer's recommen-

dations (Quantikine R&D Systems, Abingdon, UK). Limits of

detection were 14 pg/ml for IL-1ra, 0´5 pg/ml for IL-1a and

1 pg/ml for IL-1b (reading at 450 nm). The tests did not

discriminate between secreted or intracellular forms in any of

the members of the IL-1/IL-1ra family.

Western blotting

In order to determine the size distribution of IL-1ra protein in

OMECs, a pool of 15 ml of supernatant from unstimulated

cultures was further enriched in IL-1ra (400 ng/ml according to

ELISA assay) by ultrafiltration on a Centricon-10 concentrator

(YM membrane, Amicon, Epernon, France). Cell lysates from

unstimulated primary cultures (106 cells) were used in similar IL-

1ra concentrations to those in cell supernatants (450 ng/ml).

Proteins were separated on 15% SDS-PAGE under reducing

conditions, then transferred electrophoretically to PVDF mem-

brane (Biorad, Ivry-sur-Seine, France). Blots were developed

using specific polyclonal antihuman IL-1ra goat antibody (R&D

Systems, Abingdon, UK) at 1/100 dilution in PBS with 1%

skimmed milk, biotinylated mouse antigoat secondary antibody

(Sigma) at 1/100 dilution and extravidin±phosphatase complex

(Sigma) at 1/100 dilution in phosphate-free buffer. Staining was

revealed by bromo-chloro-indolyl-phosphate/nitro blue tetrazo-

lium (BCIP/NBT) chromogen (Sigma). Protein size was deter-

mined from low-range biotinylated SDS-PAGE standard (Biorad)

and compared with that of secreted IL-1ra from monocyte cultures

(MW: 25 kD). The specificity of the reaction was checked by

using a preimmune serum (goat serum, Dako, Trappes, France)

instead of the specific anti-IL-1ra serum.

Biological activity of OMECs IL-1ra

IL-1 is known to induce IL-6 production by OMECs [10]. This

and other evidence suggest that IL-1 can compete successfully for

IL-1 receptor occupancy with any IL-1ra normally present in the

same culture. If so, anti-IL-1ra antibodies should enhance IL-6

production. OMEC cultures were incubated for 24 h with

neutralizing goat antihuman IL-1ra IgG (10 mg/ml, R&D

Systems) or goat serum (Dako). Direct IL-1 stimulation

(recombinant human IL-1a , 10 ng/ml, R&D Systems) was used

as positive control and RPMI alone as negative control. IL-6

concentrations were measured in cell culture supernatants by

sandwich ELISA kit (R&D Systems, Quantikine D6050, Abing-

don, UK) with a sensitivity of 0´7 pg/ml.
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Immunohistochemistry

Cytospins of OMEC suspensions were fixed in methanol/acetone

(1 : 1) at 2 208C for 10 min. They were subsequently air-dried,

washed in PBS and incubated for 10 min in PBS containing 1%

bovine serum albumin (BSA, Sigma). Cells were then incubated

for 1 h at 258C with either a polyclonal goat antihuman IL1ra

antibody (R&D Systems) or a monoclonal mouse antihuman

involucrin antibody (Novocastra, Le Perray-en-Yvelines, France)

at 1/20 dilution. In negative controls, the primary antibody was

replaced by preimmune serum or the diluted anti-IL-1ra serum

(50 mg/ml) was preincubated with 10 ng/ml of human recombi-

nant IL-1ra (R&D Systems). The second antibody, biotinylated

mouse antigoat IgG (Sigma, Extra 1-A) or biotinylated goat

antimouse IgG (Sigma, Extra 2-A) and the extravidin±phospha-

tase complex were applied sequentially for 30 min and revealed

by Fast Red TR/Naphtol substrate containing levamisol (Sigma).

The immunostaining was counterstained with Mayer's haemat-

oxylin.

Statistics

Dunnett's test was used to compare the set of stimulating agents

and a single control. Analysis was performed using SAS (SAS

Institute, Cary, NC, USA). Results were considered significant

when P , 0´05. Error bars are s.d.

RESULTS

Western blot analysis

When analysed by SDS-PAGE, pooled concentrated supernatants

from unstimulated OMECs showed only one IL-1ra band (Fig. 1,

lane 4). Its apparent molecular weight was lower than that of

monocyte IL-1ra (25 kDa, Fig. 1, lane 3) and estimated at 22 kDa.

Lysates from unstimulated OMECs showed the 22 kDa band and

an additional faint band of 20 kDa (Fig. 1, lane 5).

Biological activity of OMECs IL-1ra

The addition of a blocking antihuman IL-1ra antibody from goat

increased IL-6 production in unstimulated OMECs by 261%

(Table 1). Goat serum did not modify IL-6 production (data not

shown). Positive controls stimulated by extraneous recombinant

IL-1a showed a 552% increase in IL-6 production.

Immunohistochemical study

IL-1ra was expressed in resting OMEC cytoplasm (Fig. 2a). Cells

stimulated by TGF-b1 became strongly positive for IL-1ra

(Fig. 2b). Staining for involucrin, a marker of cell terminal

differentiation, was increased by TGF-b1 (Fig. 2c). Unstimulated

OMECs incubated in medium containing recombinant IL-1ra

(10 ng/ml) did not have a stronger IL-1ra expression than

unstimulated OMECs in medium (data not shown), which

suggests that exogenous IL-1ra was not taken up by the cells.

Cell-associated cytokines

Cell lysates from unstimulated cultures contained large amounts

of IL-1ra (3031 1 979 pg/ml/105 cells/24 h). IL-1-a and TNF-a
increased intracellular IL-1ra production to 6783 1 2 pg/ml/105

cells/24 h and 7291 1 719 pg/ml/105 cells/24 h, respectively

(P , 0´05, Fig. 3a) while IFN-g , TGF-b1 and calcium induced

only a small increase. Conversely, intracellular IL-1b was

increased significantly by TNF-a , IFN-g and calcium (Fig. 3b).

TGF-b1 significantly raised the IL-1ra/IL-1b ratio, from 93´6 to

300 (Fig. 3c). IFN-g and IL-4 selectively stimulated IL-1a
production (Fig. 4b). TNF-a did not change the IL-1ra/IL-1a
ratio as it increased equally IL-1ra and IL-1a (Fig. 4). For clarity,

results are summarized in Table 2 and, for comparison, are

represented along with those in epidermal keratinocytes described

by Phillips et al. [21].

In all OMEC lysates, the relative amounts of the three IL-1

receptor ligands were consistently in the order IL-1ra . IL-

1a . IL-1b . However, we observed variations in IL-1ra produc-

tion (2000±10000 pg/ml) from one culture to another, according

to donors and to the number of passages.

Cytokines in supernatants

OMECs constitutively secreted both IL-1ra and IL-1a (268 pg/

ml/105 cells/24 h and 4´45 1 0´2 pg/ml/105 cells/24 h, respec-

tively, Fig. 5). TNF-a significantly increased IL-1a secretion

(5´65 1 0´35 pg/ml/105 cells/24 h) but not IL-1ra secretion

(276 pg/ml/105 cells/24 h). Other cytokines had no significant

Fig. 1. Western-blot analysis of IL-1ra protein in lysate and supernatant of

oral mucosal cells. Lane 4 is a fraction of a concentrated pool of

supernatants from three unstimulated cultures. Cell-associated IL-1ra is

shown from unstimulated cells (lane 5). For comparison, lane 3 is the

25 kD monocyte IL-1ra. Lane 2 is the biotinylated standard (mol. wt. �
103 daltons). Lane 1 is the control with preimmune serum.

Table 1. IL-1-induced IL-6 secretion in OMECs, which were incubated

with either RPMI (control), 20 mg/ml of neutralizing human IL-1ra (anti-

IL-1ra) or recombinant IL-1a (10 ng/ml) for 24 h. IL-6 immunoreactivity

in cell culture supernatants was assayed by ELISA. Exogenous IL-1

enhanced IL-6 secretion by 552%, whereas endogenous IL-1 enhanced IL-

6 secretion by 261% after IL-1ra neutralization. The `% increase'

represents the mean of (test/control) � 100 calculated for the three

experiments, each performed with different cell cultures

IL-6 production (pg/ml)

expt 1 expt 2 expt 3

% increase

(mean ^ s.d.)

Control 796 186 223

anti-IL-1ra (20 mg/ml) 2732 558 316 261 ^ 106

rec IL-1a (10 ng/ml) 4409 1359 833 552 ^ 178

IL-1ra and IL-1 in oral epithelial cells 55

q 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:53±59



effect on either IL-1a or IL-1ra secretion. In supernatants, IL-1b
levels were about 10 times lower than those of IL-1a and often

undetectable (data not shown).

DISCUSSION

The present study demonstrates that epithelial cells from human

oral mucosa produce IL-1ra in culture. Western blot analysis

showed a major band of 22 kD corresponding to the secreted form

of IL-1ra [18] and a minor band of 20 kD corresponding to

the intracellular form [19], a finding that concurs with our

previous observations on salivary IL-1ra [20], and confirms its

epithelial origin. This is the first report of sIL-1ra production by

such cells. mRNAs of sIL-1ra were detected recently in resting

oral keratinocytes [27]. sIL-1ra, whose role is not yet understood,

could be of physiological importance since, unlike icIL-1ra, it is

available in extracellular compartments in the absence of cell

lesions. Incubation of unstimulated OMECs with an IL-1ra-

blocking antibody increased IL-6 production, proving that

OMECs secrete biologically relevant amounts of IL-1ra which

compete with IL-1 in resting cultures. Our finding also establishes

that OMECs constitutively express IL-1 receptors.

Larger amounts of IL-1ra were found in cell lysates, in spite of

interindividual and interculture variations (see Results). IL-1ra

concentrations were higher in primary cultures than in sub-

cultures, probably because of a declining viability of subcultivated

cells [28]. OMECs also constitutively produced intracellular and

secreted IL-1, mainly IL-1a as in epidermal keratinocytes [29].

However, modulation of the IL-1 ligand family seems to be quite

different in OMECs (Table 2). The more striking discrepancy is

the IL-1ra/IL-1 modulation by TGF-b1.

IL-1 and IL-1ra expressions in OMECs were not merely

constitutive but modulated by several cytokines (Table 2). TNF-a
increased equally OMEC IL-1ra and OMEC IL-1, thereby

producing a stable IL-1/IL-1ra ratio. In contrast, IL-4, which

inhibits IL-1 production by monocytes and induces that of sIL-1ra

[30], increased IL-1a without affecting IL-1ra expression. IL-4

stimulation of IL-1a production was in the same range as that of

TNFa or IFN-g . Our findings raise the possibility that IL-4, a Th2

cell-derived cytokine, plays a proinflammatory role amplified by

OMECs in oral mucosa while decreasing immune and inflamma-

tory responses in monocytes. In periodontitis, IL-4 is secreted by

CD41 T cells [31] and possibly by other resident cells of the

mucosal environment. OMECs may thus enhance Th2, IL-4

dependent inflammatory responses, rather than Th1 responses.

TGF-b1, a cytokine produced by mucosally derived CD41

cells termed Th3 [24], may be more relevant to protection than to

inflammation. TGF-b1 is a multi-functional cytokine that

regulates several events in many cell types [32]. It is a strong

inhibitor of cell growth and a differentiation factor in various

epithelial cells [33±36], including OMECs [37]. TGF-b1 could be

involved in inflammatory conditions of epithelium by increasing

IL-1a production over that of IL-1ra, as described in skin

keratinocytes [21]. In OMECs, however, TGF-b1 increased the

IL-1ra/IL-1b ratio more than 100-fold (Fig. 3c), reaching the

excess of IL-1ra needed to inhibit IL-1 bioactivity. In the present

work, TGF-b1 was the only cytokine that induced an imbalance in

the IL-1ra/IL-1 ratio in favour of IL-1ra. Immunohistochemistry

showed that IL-1ra was expressed concurrently with involucrin, a

differentiation marker restricted to the granular cell layers. The

increased IL-1ra immunostaining in the most differentiated layers

of oral mucosa noted by Dubost et al. [20] probably reflected the

IL-1/IL-1ra imbalance. Thus, TGF-b1 may promote both IL-1ra

inhibitory function and mucosa cell differentiation.

Fig. 2. Immunohistological staining in scattered oral mucosal cells (�20). These results are representative of two similar experiments. (a)

IL-1ra staining is observed in a few unstimulated cells. (b) It is more intense in the cytoplasm of cells stimulated with TGF-b1. (c) These

cells stain markedly positive for involucrin. (d) Staining was nil in control with preimmune serum. Control was also negative with anti-IL-

1ra serum preincubated with recombinant IL-1ra.
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A pathological decrease in TGF-b1 along with that of IL-1ra

may contribute to mucosal damages such as oral erosions

associated with infections. It is noteworthy that in severe SS,

IL-1ra and TGF-b1 salivary concentrations are both reduced

[20,38].

Fig. 3. Modulation of intracellular IL-1ra (a), IL-1b (b) and IL-1ra : IL-

1b ratio (c) by cytokines in oral mucosal cells. Cells were incubated for

24 h with RPMI 1640 alone as control (C), IL-1a , TNFa , IFNg , IL-10,

TGFb1, IL-4, IL-6, hydrocortisone (HC) or calcium. The concentration of

cytokines in culture lysates was determined by ELISA. The results

represent the mean of two experiments, each performed from different

cultures. P , 0´05.

Fig. 4. Modulation of intracellular IL-1ra (a), IL-1a (b) and IL-1ra : IL-

1a ratio (c) by cytokines in oral mucosal cells. Cells were incubated for

24 h with RPMI 1640 alone as control (C), IFN-g , IL-10, TGFb1, IL-4,

TNFa , IL-6 or hydrocortisone (HC). The concentration of cytokines in

culture lysates was determined by ELISA. The results represent the mean

of two experiments, each performed from different cultures. P , 0´05.
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TGF-b1, which induces cell differentiation and apoptosis in

normal OMECs [37], could exert its effects via the modulation of

the IL-1 cytokine network. The role of IL-1ra in cell apoptosis has

been described in leukaemia cells only [39]. It may also be

effective in OMECs. An interplay between TGF-b1-producing T

cells and IL-1ra producing OMECs could also be envisioned. Th3

clones producing TGF-b1 can transfer oral tolerance and suppress

autoimmune encephalomyelitis [24]. One may speculate that

TGF-b1-producing Th3 cells arising in the gut colonize oral

mucosa and down-regulate local immune responses through IL-

1ra. Oral IL-1ra could play a part in subliminal antigen

stimulation, from which tolerance arises in other models.

In conclusion, our results demonstrate the production of

biologically active, secreted and intracellular forms of IL-1ra in

human oral mucosal cells. Intraepithelial IL-1ra increased with

mucosal cell differentiation. Its expression and that of IL-1 were

modulated by TGF-b1 which promoted the former, and by IL-4

which promoted the latter. In diseases such as SS, a decreased

production of IL-1ra with normal or increased levels of the

proinflammatory cytokine IL-1 may induce and/or maintain

chronic mucosal inflammation. IL-1ra may also contribute to

the integrity and protective capacity of the superficial layers of the

oral mucosa by enhancing cell differentiation. In normal

conditions, IL-4 may shift the balance in epithelial cell production

of IL-1 and IL-1ra in favour of IL-1, thereby allowing for a

positive interaction of OMECs in local, classical Th2 response.

The converse may be true for the Th2 subtype, Th3 response and

for Th1 response.
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