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SUMMARY

Interleukin-5 (IL-5) is a T helper type 2 cytokine, which is implicated in the pathogenesis of

eosinophilic diseases such as asthma. Both peripheral blood mononuclear cells (PBMC) and

primary human T cells display similar patterns of IL-5 expression when stimulated with both

phorbol-12-myristate 13-acetate and phytohaemagglutinin. The expression of IL-5 stimulated by

these agents was shown to require de novo transcription and translation. However, although

dexamethasone was a potent inhibitor of both IL-5 release and messenger RNA accumulation from

PBMC and T cells, dexamethasone had no effect on the luciferase activity of a reporter construct

under the control of an IL-5 promoter region transiently transfected into primary human T cells.

Furthermore, dexamethasone appeared to decrease the stability of IL-5 messenger RNA and this

effect was dependent upon de novo transcription. Taken together, the results presented here suggest

that, whilst transcriptional processes predominantly regulate IL-5 release, the mechanism by which

dexamethasone inhibits IL-5 is post-transcriptional.

INTRODUCTION

Asthma is a complex inflammatory disease characterized by

eosinophil infiltration into the airway.1 Interleukin-5 (IL-5) is an

important regulator of eosinophil differentiation, proliferation

and survival and thus, is thought to be a major cytokine involved

in the pathogenesis of asthma.2–4 IL-5 is predominantly pro-

duced by T cells of the T helper type 2 (Th2) phenotype,5,6

although it can also be produced by eosinophils, mast cells and

epithelial cells.7–9

Inhaled glucocorticoids are the drugs of choice for treatment

of the underlying inflammation in all but the mildest cases of

asthma.10 The effectiveness of glucocorticoids in controlling the

inflammation of the asthmatic airways is attributed to the ability

of these drugs to inhibit the release of pro-inflammatory factors,

such as cytokines, released by multiple cell types.11 The

mechanism by which most, if not all, of the effects of

glucocorticoids on cells are considered to be mediated, is by

binding to the glucocorticoid receptor.12 Binding of the gluco-

corticoid receptor to a glucocorticoid response element on the

DNA has been shown to be essential for the transcriptional

activation (transactivation) of glucocorticoid-responsive

genes.13 However, the anti-inflammatory abilities of glucocor-

ticoids are generally considered to be the result of the negative

regulation (transrepression) of pro-inflammatory gene tran-

scription.14

Although IL-5 can be inhibited by glucocorticoids both in

vivo and in vitro15,16 the IL-5 promoter does not contain a

consensus glucocorticoid response element sequence. Mechan-

isms have therefore been proposed by which glucocorticoids

may affect the activity of the nuclear factor of activated T cells

(NF-AT) and activator protein-1 (AP-1) binding sites that are

present in the promoter regions of many pro-inflammatory

cytokines, including IL-5.17–19 However, gene expression is

not simply a matter of the up- or down-regulation of gene

transcription, as post-transcriptional, translational and even

post-translational events are also required for the release of

pro-inflammatory cytokines. Indeed, the glucocorticoid, dexa-

methasone has been shown to inhibit release of several pro-

inflammatory cytokines, such as, interferon-b and tumour

necrosis factor-a, by affecting post-transcriptional and even

translational mechanisms.20,21

We have previously shown evidence that IL-10 may inhibit

IL-5 by post-transcriptional mechanisms.22 In the present study,

we have used both peripheral blood mononuclear cells (PBMC)
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and primary human T cells to evaluate the hypothesis that the

glucocorticoid, dexamethasone, inhibits IL-5 release by post-

transcriptional mechanisms.

MATERIALS AND METHODS

Reagents

Phorbol 12-myristate 13-acetate (PMA), phytohaemagglutinin

(PHA), dexamethasone, actinomycin D and cycloheximide

were purchased from Sigma (Poole, UK)

Isolation and treatment of human PBMC

Mononuclear cells were prepared from the peripheral blood of

healthy human volunteers and cultured at a density of

3 � 106 cells/ml for all experiments as previously described.22

Cells were stimulated by the addition of PMA (50 nM) and PHA

(5 mg/ml) as previously described.22

Isolation of primary human T cells

T cells were isolated from PBMC using a MACSTM Pan T cell

isolation kit on a magnetic depletion column according to the

manufacturer’s instructions (Miltenyi Biotec, Bergisch Glad-

bach, Germany). The flow through from this column typically

contained >93% T cells as determined by fluorescence-acti-

vated cell sorter (FACS) analysis following labelling with

fluorescein isothiocyanate-labelled anti-CD3. T cells were then

resuspended at 2 � 106 cells/ml in RPMI-1640 medium sup-

plemented with 10% fetal calf serum, 2 mM L-glutamine,

100 U/ml penicillin, 100 mg/ml streptomycin and 2�5 mg/ml

amphotericin B (all Sigma). Cells were then cultured for 72 hr

in a humidified atmosphere at 378, 5% CO2, with 10 ng/ml

human recombinant IL-2 (R & D Systems, Abingdon, UK). This

treatment increased the percentage of CD3þ T cells to >97% as

measured by FACS.

Enzyme-linked immunosorbent assay (ELISA)

Supernatants from 3 � 106 cells were harvested 24 hr after treat-

ment and ELISA was performed as described by the manufac-

turer (BD Pharmingen, Cambridge, UK). Human recombinant

IL-5 was used as a standard (R & D Systems). For intracellular

IL-5 measurements, PBMCs (6 � 106 cells/treatment) were

harvested after the indicated time-points and spun down. Super-

natants were collected for standard ELISA analysis and cells

were resuspended in 100 ml 1� reporter lysis buffer (RLB –

Promega, Southampton, UK). ELISA was carried out as above

except that cytokine standards were made up in 1� RLB and

only 50 ml of sample was added per well. RLB had no effect on

the detection of cytokines by ELISA.

Semi-quantitative reverse transcription–polymerase

chain reaction (RT-PCR)

Total RNA was extracted from 6 � 106 cells using a one-step

guanidine thiocyanate–phenol–chloroform method.23 RT-PCR

for IL-5 and glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) was carried out using the primers and conditions

previously described.22 To confirm the semi-quantitative nature

of this technique, cycle profiles were established for each set of

different RT reactions by performing PCR with various cycle

numbers on an ‘average’ sample created by combining aliquots

of all cDNA samples in that particular experiment as previously

published.24 This ensured that the amplification was in the linear

phase, where the signal is proportional to the starting amount of

template. Using this method, cycle numbers for IL-5 ranged

between 32 and 36 cycles and for GAPDH between 24 and 28

cycles. Quantification of PCR products was carried out using

GELWORKS 1D INTERMEDIATE software (Ultra Violet Products

Limited, Cambridge, UK). Dilutions of cDNA as well as negative

controls for both the RT reaction and the PCR were used for

each set of PCR reactions to ensure linearity of the PCR (Fig. 1).

Cloning of promoter fragments into luciferase reporter vectors

IL-5 promoter fragments were amplified by PCR, supplemented

with 1 U Taq extender, from human genomic DNA using the

following primers: 0�5-kilobase (kb) promoter 50-AAG CCT

ATC CTA ATC AAG ACC CCA GTG-30 forward, 50-AAG CTT

CTC TGA AAC GTT CTG CGT TTG-30 reverse; 1�5-kb

promoter 50-GTC TGA AGA TCT CTC TGA AAC GTT

CTG CGT TT-30 forward, 50-GTC TGA AGA TCT TGC

AGT CTC AAG GAA ACA TT-30 reverse. Amplification

products were agarose gel separated and purified using the

GFXTM kit according to the manufacturer’s instructions (Amer-

sham Pharmacia, Little Chalfont, UK). Products were ligated

Figure 1. RT-PCR is a semi-quantiative method for measuring IL-5

mRNA expression. PBMC were incubated with or without PMA

(50 nM) and PHA (5 mg/ml) and RNA was harvested at 6 hr for

semi-quantitative RT-PCR analysis of IL-5 and GAPDH. Complemen-

tary DNA samples from the reverse transcriptase reaction were pooled

to create an average sample. Dilutions of that average sample (1, ½, ¼)

as well as negative controls for both the reverse transcriptase reaction

(No RNA) and the PCR (No cDNA) were always used for every PCR

and subsequent gel run. A representative agarose gel is shown with

corresponding optical density data to demonstrate linearity of the

technique. l ¼ IL-5 (R2 ¼ 0�97), n ¼ GAPDH (R2 ¼ 0�99).
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overnight at 158 into pGEM-T vector using DNA ligase accord-

ing to the manufacturer’s instructions (Promega). Ligation

mixes were transformed into JM109 competent cells and grown

on L-agar plates supplemented with 50 mg/ml ampicillin. Colo-

nies containing the plasmid were detected by blue/white screen-

ing using 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside

(X-Gal) and isopropyl-b-D-thiogalactopyranoside (IPTG).

Colonies were then grown in L-broth supplemented with

50 mg/ml ampicillin prior to Wizard1 plus SV miniprep

DNA extraction kit (Promega). Sequence identity as determined

by Cambridge Bioscience (Cambridge, UK) was >99%. Iso-

lated plasmids were then incubated with the appropriate restric-

tion enzyme (HindIII for 0�5 kb, BglII for 1�5 kb) and run on a

low-melt agarose gel. Promoter fragments were excised from

the gel and purified by GFXTM kit. Purified fragments were

subcloned into pGL3basic plasmid following the manufac-

turer’s instructions (Promega). Orientation was then confirmed

by manual sequencing using the USB SEQUENASE version 2�0,

DNA sequencing kit (Amersham Pharmacia).

Transient transfection of primary human T cells

After washing, primary human T cells were resuspended in

supplemented RPMI-1640 medium at 2 � 107 cells/ml and

aliquots of 250 ml were incubated with 10 mg plasmid DNA

for 5 min. Electroporation was carried out on a BioRad Gene

Pulser II (Hemel Hempstead, UK) at 260 Vand 960 mF in 0�4-cm

cuvettes. After electroporation, cells were washed and resus-

pended in 400 ml of serum-free RPMI-1640 medium. Experi-

ments were carried out in a 96-well, round-bottom culture plate

(Costar, High Wycombe, UK) with 100-ml aliquots of cells.

Luciferase assay

Transfected cells were treated as indicated and harvested after

12 hr. Supernatants were collected for ELISA analysis and cells

were resuspended in 30 ml 1� RLB. Luciferase activity was

measured on a luminometer (Turner Design, Steptech, Steve-

nage, UK) by adding 20 ml supernatant to 40 ml luciferin

substrate (Promega). Results were normalized to total protein

concentration as determined by Bradford assay.

Statistical analysis

Data were analysed using Wilcoxon’s signed rank test or analy-

sis of variance (ANOVA) as appropriate. Results were considered

significant when P < 0�05.

RESULTS

IL-5 release requires de novo transcription and translation

After 24 hr, basal levels of IL-5 were below the limit of

detection (<16 pg/ml) and treatment of PBMC with PMA,

PHA, or a combination of both resulted in increased release

of IL-5, with PMA and PHA causing similar levels of release

when added independently (Fig. 2a). When added simulta-

neously, a marked synergy was observed (Fig. 2a). In contrast,

PMA had little effect on IL-5 mRNA accumulation, whereas

stimulation of cells with PHA induced similar levels of IL-5

mRNA to stimulation with PMA þ PHA (Fig. 2b,c). Similar

results were seen when PBMC were stimulated with activating

antibodies to the CD3 and CD28 cell surface markers with

CD28 being analogous to PMA (data not shown).

PBMC were stimulated with PMA þ PHA in the presence

of the RNA polymerase II inhibitor, actinomycin D or the

translation inhibitor, cycloheximide and in each case IL-5

release was suppressed to near basal levels (Fig. 2c). Further-

more, cycloheximide could also inhibit IL-5 mRNA accumula-

tion, suggesting that new translation is necessary for IL-5 gene

transcription (Fig. 2d).

Effect of dexamethasone on IL-5 protein

and mRNA production

In agreement with previous studies, dexamethasone dose-

dependently inhibited IL-5 release (IC50 ¼ 0�66 nM) when added

simultaneously with the PMA þ PHA stimulus (Fig. 3a).15

Dexamethasone (1 mM) was also able to abolish both the

PMA þ PHA-induced release and the intracellular formation

of IL-5 from PBMCs over 24 hr (Fig. 3b,e). Furthermore, dex-

amethasone inhibited steady-state IL-5 mRNA levels over 24 hr.

However, dexamethasone incompletely suppressed IL-5 mRNA

at 2 hr, suggesting that there is a time lag between the addition

of dexamethasone and the onset of inhibition (Fig. 3c,d).

Effect of dexamethasone on IL-5 promoter constructs

Previous studies have identified a 500-base-pair (bp) region in

the proximal part of the IL-5 promoter, which includes binding

sites for the transcription factors NF-AT, GATA-3 and Ets,

which have been demonstrated to be important for the induction

of IL-5 gene transcription.19,25–27 To investigate whether dex-

amethasone could affect IL-5 promoter activity, IL-5 promoter

fragments were cloned into a luciferase reporter plasmid. One

promoter construct spanned the proximal promoter region

(�508/þ41 bp). The second construct, which spanned from

�1553 bp to þ41 bp, was used to investigate the role of any

previously unidentified regions that may also be involved in the

transcriptional activation of the IL-5 gene. These constructs

were transiently transfected into primary human T cells isolated

by negative magnetic selection (Fig. 4a). Transfected T cells

were treated with PMA þ PHA with or without addition of

dexamethasone (1 mM) and cell lysates were assayed for luci-

ferase activity after 12 hr. Treatment of transfected cells with

PMA þ PHA induced luciferase activity from both IL-5 pro-

moter constructs (Fig. 4a). However, addition of dexametha-

sone had no effect on the inducibility of either of these promoter

constructs (Fig. 4b). In contrast, addition of dexamethasone

significantly inhibited the IL-5 release from transfected T cells

induced by PMA þ PHA (Fig. 4c). These results confirm that

dexamethasone was still actively inhibiting IL-5 release from

the same cells, even though there was no effect on promoter

activity and suggests that dexamethasone does not inhibit IL-5

gene transcription.

Actinomycin D blocks dexamethasone-mediated

inhibition of IL-5 mRNA

As dexamethasone appears to inhibit IL-5 release by post-

transcriptional mechanisms, it was necessary to investigate
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the effect of dexamethasone on IL-5 mRNA accumulation once

transcription had been initiated. Initial studies revealed that,

whereas steady-state IL-5 mRNA levels remained reasonably

constant between 2 and 8 hr post-PMA þ PHA stimulation, the

addition of dexamethasone at 2 hr resulted in 	70% repression

of IL-5 mRNA over the following 6 hr (Fig. 5b, upper panel).

When the transcriptional inhibitor, actinomycin D was added

2 hr after PMA þ PHA stimulation, the half-life of IL-5 mRNA

was approximately 6 hr (Fig. 5a,b, middle panel). This con-

trasts with the apparent half-life of 4 hr when dexamethasone

Figure 2. IL-5 expression requires de novo transcription and translation. (a) Cells were incubated with PMA (50 nM) and PHA

(5 mg/ml), as indicated, for 24 hr. Supernatants were harvested and IL-5 release was measured. Data from at least five independent

experiments are expressed as pg/ml means 
 SEM. (b) Cells were incubated with PMA þ PHA and RNA was harvested at 6 hr for

semi-quantitative RT-PCR analysis of IL-5 and GAPDH. Agarose gels representative of six such experiments are shown. Data from six

independent experiments are expressed as means 
 SEM of percentage of the PMA þ PHA stimulation. (c) PBMC were incubated

with PMA þ PHA as above in the presence or absence of actinomycin D (10 mg/ml) or cycloheximide (10 mg/ml). Supernatants were

harvested at 24 hr and IL-5 release measured by ELISA. (d) Cells were treated with PMA þ PHA and cycloheximide (10 mg/ml) as

indicated and RNAwas harvested after 6 hr for semi-quantitative RT-PCR analysis of IL-5 and GAPDH. Data (n ¼ 3) were normalized

to GAPDH. In (c) and (d) data from at least three independent experiments are expressed as percentage of stimulated as means 
 SEM.

***P < 0�001, **P < 0�01.
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was added 2 hr after stimulation (Fig. 5). The difference

between these two results suggests that inhibition of transcrip-

tion alone cannot fully account for the inhibition of IL-5

observed upon treatment with dexamethasone. Furthermore,

when added together 2 hr after stimulation, actinomycin D

totally reversed the dexamethasone-dependent reduction of

IL-5 mRNA (Fig. 5). This result suggests that the inhibition

of IL-5 mRNA by dexamethasone is dependent upon de novo

transcription. Taken together with the promoter data, these

observations indicate that dexamethasone may inhibit IL-5

by post-transcriptional mechanisms.

Effects of dexamethasone on IL-5 protein release

From the previous sections, it appears that whilst dexametha-

sone may have some effect on the induction of IL-5 mRNA

transcription, dexamethasone may decrease IL-5 mRNA stabi-

lity. To examine whether these changes in mRNA levels were

reflected at the level of protein release, PBMCs were stimulated

with PMA þ PHA, then dexamethasone was added at the time-

points indicated (Fig. 6). In common with the effects observed

at the mRNA level, dexamethasone could inhibit IL-5 release

when added 2 hr after PMA þ PHA stimulation. Furthermore,

Figure 3. Characterization of the effect of dexamethasone on IL-5 expression. (a) PBMCs were incubated with PMA (50 nM) þ PHA

(5 mg/ml) and co-incubated with various concentrations of dexamethasone as indicated. Supernatants were harvested at 24 hr and IL-5

release was measured. Data are expressed as means 
 SEM of four independent experiments. (b) PBMC were stimulated with

PMA þ PHA, as above, with or without dexamethasone (1 mM). Supernatants were harvested at the times indicated and IL-5 release

was measured. Data are expressed as means 
 SEM of nine independent experiments. (c) Cells were incubated with PMA þ PHA as

previously described with or without dexamethasone (1 mM) and RNA was harvested at the time-points indicated for semi-quantitative

RT-PCR analysis of IL-5 and GAPDH. NS ¼ not stimulated. Agarose gels representative of five such experiments are shown. (d) Data

were normalized to GAPDH and expressed as a percentage of the 6 hr PMA þ PHA response. Data from five independent experiments

are expressed as means 
 SEM. (e) PBMC were stimulated with PMA þ PHA, as above, with or without dexamethasone (1 mM).

Supernatants were removed and the cells were lysed in 1 � RLB and harvested at the times indicated and intracellular IL-5 was

measured by ELISA. Data are expressed as means 
 SEM of at least four independent experiments. **P < 0�01, *P < 0�05.
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dexamethasone could still inhibit IL-5 release from PBMC by

	40% when added up to 12 hr after stimulation (Fig. 6).

Similar results were obtained when cycloheximide and actino-

mycin D were added at various time-points after stimulation

(Fig. 6). These results are consistent with the data presented in

Fig. 2 demonstrating that IL-5 release was dependent upon

ongoing transcription and translation.

DISCUSSION

From the data presented here, expression of IL-5 certainly

requires a transcriptional component, since de novo transcrip-

tion is necessary for the release of IL-5 (Fig. 2). These observa-

tions are further supported by the ability of PMA þ PHA to

induce activity of the IL-5 proximal promoter transiently trans-

fected into human T cells. These data are consistent with

previous studies that have shown transcription to be important

in the regulation of IL-5 expression.28–30 Indeed, stimulation of

PBMCs with PMA þ ionomycin has been shown to increase

the rate of IL-5 gene transcription.28 Furthermore, this increase

in transcription rate was abolished upon addition of the inhi-

bitors of NF-AT activation, cyclosporin A and FK506.28 Several

other transcription factors, including AP-1, GATA, Ets and Oct

have also been reported to control IL-5 gene expression.26,31–34

These previous investigations studied the role of transcription in

IL-5 gene expression using IL-5 promoter constructs transiently

transfected into murine and human T-cell clones and T-cell

lines.25,31,35,36 Both of the IL-5 promoter constructs used in this

study included the 500-bp region previously identified as being

essential for an increase in IL-5 gene expression.25 Thus, the

up-regulation of IL-5 induced by PMA þ PHA appears to be

predominantly via a transcriptional mechanism. However, sev-

eral observations presented here, support a role for post-tran-

scriptional mechanisms in IL-5 gene expression.

There are few data in the literature on the regulation of IL-5

by post-transcriptional processes. However, the ability of PMA

to increase IL-5 release by PHA synergistically without a

concomitant increase in steady-state IL-5 mRNA levels

(Fig. 2b), suggests that stimulation of T cells with PMA does

cause IL-5 release by post-transcriptional mechanisms. Simi-

larly, we have observed that stimulation of T cells with an

activating antibody to the CD28 receptor could synergistically

increase IL-5 release by an activating aCD3 antibody without

any effect on steady-state IL-5 mRNA levels (data not shown),

raising the possibility that PHA and aCD28 share a common

post-transciptional/translational mechanism of action. Stimula-

tion of T cells via the CD28 receptor can up-regulate the

expression of several cytokines, including granulocyte–macro-

phage colony-stimulating factor (GM-CSF), by increasing

mRNA stability.37 In contrast, Umland and colleagues have

shown that CD28 only has a negligible effect on IL-5 mRNA

stability.38 However, a recent study demonstrated no role for

either the 50- or 30-untranslated region (UTR) of IL-5 in the

regulation of this cytokine, both of which have been shown to be

involved in the post-transcriptional regulation of other cyto-

kines (e.g. GM-CSF).39–41 However, this study used IL-5 con-

structs under the control of an SV40 promoter, thus leading to a

constitutive, not inducible, expression of IL-5.39 Since any

factors that regulate IL-5 mRNA stability or translation

may require up-regulation by a stimulus, the fact that these

Figure 4. Effect of dexamethasone on IL-5 promoter constructs. (a) Primary human T cells, transiently transfected with the constructs

indicated, were incubated with PMA (50 nM) þ PHA (5 mg/ml). Cells were harvested at 12 hr and luciferase activity was measured.

Data are expressed as means 
 SEM of at least four independent experiments. (b) Primary human T cells were transiently transfected

with either of the two IL-5 promoter constructs and stimulated as in (a) and co-incubated with dexamethasone (1 mM) and harvested as

above. Data are expressed as fold induction as means 
 SEM of at least four independent experiments. (c) Supernatants from the above

experiments were harvested and IL-5 release was measured. Data are expressed as means 
 SEM of 13 independent experiments.

***P < 0�001.
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promoters were constitutively active may explain the lack of

effect observed.39 For example, in an inducible system, deletion

of the IL-5 30-UTR was shown to decrease production of IL-5.42

Thus, the nature of the roles of the 50- and 30-UTR in the control

of IL-5 gene expression is currently equivocal.

Further evidence for the regulation of IL-5 by post-trans-

criptional mechanisms is provided by studying the effects of

dexamethasone on IL-5 expression since dexamethasone could

not inhibit the inducibility of either the 0�5-kb or 1�5-kb IL-5

promoter constructs. These observations are in contrast to a

previous report by Mori and colleagues. which demonstrated

that dexamethasone could inhibit the activity of a similar 0�5-kb

IL-5 promoter construct stimulated by aCD3 or IL-2.31 One

explanation for the differences observed between this study and

the results presented by Mori and associates may be the different

stimuli used.31 However, dexamethasone appears to inhibit both

PMA þ PHA and aCD3 þ aCD28-stimulated IL-5 release

equally well (data not shown). Furthermore, unlike cAMP-

elevating agents,22 dexamethasone can inhibit IL-5 release in

a stimulus-independent manner (data not shown). An alternative

explanation may be that the IL-5 promoter is regulated differ-

ently in the T-cell clones used by Mori and associates and the

primary human T cells used in this study.31 However, it should

be noted that these are transient transfection studies and there-

fore may not accurately reflect the situation at the level of the

native chromosomal DNA. This is especially pertinent in the

light of recent data that suggest that some of dexamethasone’s

inhibitory effects may be mediated by changes in the profile of

histone acetylation.43 Thus, we cannot completely exclude the

possibility that dexamethasone has some effects on IL-5 mRNA

transcription.

The ability of dexamethasone to inhibit IL-5 mRNA sig-

nificantly more than actinomycin D when added after stimula-

tion, suggests that dexamethasone may also activate mRNA

decay pathways. Furthermore, the ability of actinomycin D to

reverse the dexamethasone-mediated repression of IL-5 implies

that dexamethasone may inhibit IL-5 mRNA by de novo

synthesis of an inhibitory factor. Taken together with the

inability of dexamethasone to inhibit IL-5 promoter activation,

these data imply that dexamethasone may inhibit IL-5 solely by

post-transcriptional mechanisms, such as activation of mRNA

destabilizing factors. Several destabilizing factors, including

ARE/poly(U)-binding/degradation factor 1 and tristetraprolin,

have so far been characterized and at least one of these,

Figure 5. Effect of dexamethasone and actinomycin D on IL-5 mRNA

stability. PBMCs were incubated with PMA (50 nM) þ PHA (5 mg/ml)

for 2 hr then dexamethasone (1 mM) and/or actinomycin D (10 mg/ml)

were added and the cells were harvested at the time-points indicated for

semi-quantitative RT-PCR analysis of IL-5 and GAPDH. (a) Agarose

gels representative of five such experiments are shown. (b) Data were

normalized to GAPDH and expressed as a percentage of the response

after 2 hr of stimulation. Data from five independent experiments are

expressed as means 
 SEM.

Figure 6. Reverse time–course effect of dexamethasone, actinomycin

D and cycloheximide on IL-5. PBMCs were incubated with PMA

(50 nM) þ PHA (5 mg/ml) and dexamethasone (1 mM), actinomycin

D (10 mg/ml), or cycloheximide (10 mg/ml) were added at the time-

points indicated. Supernatants were harvested at 24 hr and IL-5 release

was measured. Data are expressed as percentage of stimulus at 24 hr as

means 
 SEM of four independent experiments.
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tristetraprolin, requires de novo transcription and translation to

function.44–46 However, AUF-1 and tristetraprolin exert their

destabilizing effects by binding to 30-UTR Au-rich elements

(AREs) and whilst this has been demonstrated using the GM-

CSF 30-UTR,45 no studies have examined the binding of such

proteins to the IL-5 30-UTR. As new protein synthesis is an

absolute requirement for induction of IL-5 mRNA (Fig. 2d),

this suggests that the regulation of IL-5 mRNA stability may be

a dynamic process, involving competitive binding between

mRNA stabilizing and destabilizing factors. Thus, newly trans-

lated stabilizing factors, such as HuR,47 may be responsible for

the initial accumulation of IL-5 mRNA upon treatment of

PBMCs with PMA þ PHA. Addition of dexamethasone may

therefore cause an increase in destabilizing factors, and may

also inhibit production of stabilizing proteins, thereby displa-

cing stabilizing factors and inhibiting IL-5 mRNA accumula-

tion. Indeed, tristetraprolin and a murine homologue of HuR,

HuA, have recently been demonstrated to have overlapping

binding specificities to ARE-sequences in both IL-3 and GM-

CSF RNA sequences.48 Furthermore, the authors of this study

speculated that this overlap in binding activities may follow a

similar pattern to that which we have outlined above,48 with

HuA being responsible for RNA-stabilization and tristetraprolin

for RNA-degradation. However, the products of these dexa-

methasone-inducible genes do not have to be RNA-binding

proteins. Alternative mechanisms of inhibition by dexametha-

sone-inducible genes, may include up-regulation of factors that

inhibit stabilizing factors binding to IL-5 mRNA or activation of

enzymes that increase the turnover of stabilizing proteins. These

scenarios are purely hypothetical and further studies are

required to identify the factors induced by dexamethasone

and the roles of these species in the degradation of IL-5 mRNA.

In summary, the work presented here, in agreement with

previous studies, shows that dexamethasone is a potent inhibitor

of IL-5 release from human PBMCs and T cells.15,16 The data

also indicate that a glucocorticoid-inducible gene(s) may be

responsible for the inhibition of IL-5 and provide further

evidence for the inhibitory action of dexamethasone occurring

at a post-transcriptional level.
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