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The immune suppressive effect of dexamethasone
in rheumatoid arthritis is accompanied by
upregulation of interleukin 10 and by differential
changes in interferon y and interleukin 4

production

Catharina M Verhoef, Joel A G van Roon, Marieke E Vianen, Floris P J G Lafeber,

Johannes W J Bijlsma

Abstract

Objectives—The influence of dexametha-
sone on interleukin 10 (IL10) production
and the type 1 (Tl)/type 2 (T2) T cell
balance found in rheumatoid arthritis
(RA) was studied.

Methods—Peripheral blood mononuclear
cells (PB MNC) were isolated from 14 RA
patients both before and 7 and 42 days
after high dose dexamethasone pulse
therapy. The ex vivo production of IL10,
interferon y (IFNYy) (T1 cell), and IL4 (T2
cell) by PB MNCs was assessed, along with
parameters of disease activity (erythro-
cyte sedimentation rate, C reactive pro-
tein, Visual Analogue Scale, Thompson
joint score). In addition, the in vitro effect
of dexamethasone (0.02, 0.2, and 2 pM) on
PB MNC IL10, IFNy, and IL4 production
was studied.

Results—Dexamethasone pulse therapy
resulted in a rapid and sustained decrease
in RA disease activity. IL10 production
increased after dexamethasone treatment
and this was sustained for at least six
weeks. A transient strong decrease in IFNy
was seen shortly after corticosteroid treat-
ment, while IL4 only decreased slightly.
This led to an increased IL-4/IFNy ratio.
In vitro, IL10 production was not detect-
able, IFNy and IL4 decreased, but the
effect was more pronounced for IFNy than
for IL4, which again resulted in an
increased IL4/IFNy ratio.
Conclusion—Dexamethasone therapy in
RA patients leads to a rapid, clinically
beneficial effect. The upregulation of IL10
production may be involved in the pro-
longed clinical benefit. The strong immu-
nosuppressive effect is most evident in the
decrease in IFNy, and is therefore accom-
panied by a relative shift towards T2 cell
activity. In vitro evaluation showed that
this shift in T cell balance was a direct
effect of dexamethasone and thus inde-
pendent of the hypothalamic-pituitary-
adrenal axis.

(Ann Rheum Dis 1999;58:49-54)

At least two types of T cells have been defined
on the basis of their specific cytokine profiles.'
T1 cells participate in cytotoxic responses and

delayed type hypersensitivity reactions and
they specifically produce interferon y (IFNY)
and stimulate macrophages to produce proin-
flammatory cytokines such as interleukin (IL)
1 and tumour necrosis factor a (TNFa).?
These cytokines are involved in the cartilage
degradation and bone erosion associated with
rheumatoid arthritis (RA).>® T2 cells specifi-
cally produce IL4, which has inhibitory effects
on monocytes/macrophages and helps B cells
to differentiate into immunoglobulin (IgE)
producing cells.' T1 and T2 cells are known to
counterbalance each other.'” It has been
suggested that an imbalance between T1 and
T2 cell activity contributes to a number of
autoimmune disorders, including RA. Al-
though T cell activity in general seems low in
the RA joint, several studies have shown a rela-
tive predominance of T1 over T2 cell activity.” °
It has further been suggested that this relative
increase in T'1 cell activity in RA joints plays a
part in T cell driven joint destruction.

The suggestion has been made that IL.4 pro-
duction in RA joints is defective. Human and
animal in vitro experiments have shown that
T1 cell induced joint inflammation, and hence
damage to articular cartilage, can be inhibited
by adding the T2 cell cytokine IL4.”° In
support of this finding, we found that the
prevalence of hayfever (an ILL4 mediated disor-
der) is lower in RA patients than in a control
population, and that RA patients with hayfever
showed less disease activity than matched RA
patients without hayfever."

IL.10 is a polyfunctional cytokine produced
by T cells, macrophages/monocytes, and B
cells. Its presence in RA peripheral blood and
synovial tissue (demonstrated by RT-PCR of
fresh frozen biopsy specimens) has been
reported. '? The fact that both RA serum and
RA synovial fluid contains significantly more
IL10 than that of normal subjects underlines
its role in the pathogenesis of RA.” IL10 has
been shown to down regulate a number of
macrophage functions, including the produc-
tion of IL1f, IL6, and TNFa. Moreover, ILL10
induces the production of endogenous TNF
inhibitors such as soluble TNF receptors and
down regulates TNF receptor expression.'
11,10 also participates in immunoregulation by
stimulating the proliferation and differentiation
of B cells."* Nevertheless, several human in
vitro and animal ex vivo experiments have
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Table 1  Patient characteristics

RA pulse (n=14) RA control (n=7)

Mean disease duration in years (range) 14 (2-39) 12 (4-33)
Mean age in years (range) 58.6 (41-76) 65 (54-73)
Male/female 4/10 3/4
ACR functional class 1/2/3 0/12/0 2/4/1
Mean (SD) ESR (mm 1st h) 70 (28) 38 (38)
Mean (SD) CRP (mg/l) 61 (30) 22 (20)
DMARD medication
methotrexate 7 3
parenteral gold 2
OH-chloroquine 1
sulphasalazine 1 2
azathioprine 1 1
no DMARD 3 1

Characteristics of 14 RA patients with active disease (before receiving dexamethasone pulse
therapy) and seven randomly selected RA patients (RA control) with less active disease and not
considered for dexamethasone pulse therapy.

demonstrated the strong immunosuppressive
effect of IL10 on T cell mediated inflamma-
tion, and this has now been succesfully tested
in RA.12 15

Glucocorticosteroids are widely used be-
cause of their immunosuppressive and anti-
inflammatory properties and have been used to
treat patients with active RA for nearly 50
years. The beneficial clinical effects of both low
dose and high dose glucocorticosteroid treat-
ment are well known. Treatment of treatment
resistant RA with intravenous high dose
dexamethasone pulse therapy is usually effec-
tive in suppressing the symptoms of severe
inflammation.'*"®

Glucocorticosteroids suppress a wide variety
of non-specific inflammatory responses and
specific immunological processes. Little is
known, however, about the exact mechanisms
by which they act in RA patients. Several stud-
ies have shown glucocorticosteroids to have
indirect inhibitory effects on the immune
system, mediated by the hypothalamic-
pituitary-adrenal axis and stress responses."
Glucocorticosteroids have also been shown to
act directly on leucocytes by inhibiting cy-
tokines produced by monocytes, macrophages,
and T cells.”® Suppression of IL2 and IFNy
mRNA by glucocorticosteroids has been docu-
mented, along with suppression of TNFa
expression in synovial fluid and synovial tissue
shortly after methylprednisolone pulse
therapy.” * It has been shown in vitro that glu-
cocorticosteroids  inhibit  proliferative re-
sponses of T cells to mitogens and antigens. On
the other hand, it is possible that part of the
immunosuppressive effect of glucocorticoster-
oids is mediated by upregulating the produc-
tion of immunosuppressive cytokines such as
IL.10.*° Pretreatment with glucocorticosteroids
of patients undergoing cardiopulmonary by-
pass (which induces major inflammatory activ-
ity) resulted in markedly increased IL10
concentrations and decreased concentrations
of TNFa and IL8.”” Moreover, glucocorticos-
teroids may have differential suppressive effects
on T cell sub-populations and could thereby
affect the balance between T1 and T2 cell
activity.”" ******?! It has been shown in vitro
that dexamethasone can completely inhibit
IFNYy production in human lymphocytes while
priming the cells to produce a Th2 cytokine
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response that includes induction of 11.4, I11.10,
and IL13.”

This study was designed to evaluate the
effects of dexamethasone on T1 and T2 T cell
activity and IFNy and 1.4 production in rela-
tion to RA disease activity parameters. In addi-
tion, ILL10 was monitored to study its role in
the immunosuppressive effect of glucocorticos-
teroids. To see whether dexamethasone directly
affects T cell cytokine production, bypassing
the hypothalamic-pitituitary-adrenal axis and
stress responses, the effect of dexamethasone
on RA peripheral blood mononuclear cells (PB
MNC) was tested in vitro.

Methods

We studied 14 RA patients with active disease
who had been admitted for high dose intrave-
nous (iv) dexamethasone pulse therapy as part
of their treatment strategy. Table 1 gives the
patient characteristics. The diagnosis of RA
was based on the 1987 revised ACR criteria.
Twelve patients were positive for rheumatoid
factor and had erosive disease. None of the
patients were using oral glucocorticosteroid
therapy at the time of the study. Five patients
had used glucocorticosteroids before, but not
during, the preceding three months. Disease
modifying anti-rheumatic drug (DMARD)
medication was not changed between day 0
and day 7. At day 42, the DMARD medication
of three patients was changed: two more
patients were given methotrexate and one
additional patient was switched to OH-
chloroquine. Patients received 200 mg dexam-
ethasone iv on three alternating days. The dis-
ease activity parameters were determined
before treatment (day 0), shortly after (day 7),
and six weeks (day 42) after dexamethasone
pulse therapy was given. RA disease activity
was assessed by erythrocyte sedimentation rate
(ESR, Westergren), C reactive protein (CRP),
the Visual Analogue Scale (VAS), and the
Thompson joint score (max score 534; all by
the same observer).” Functional class was
determined according to the 1988 ACR
criteria.”*

The production of I1.4 and IFNy by T cells
in an isolated peripheral blood (PB) mononu-
clear cell (MNC) population was evaluated at
day O (before) and at days 7 and 42 after treat-
ment. For this purpose, mononuclear cells
were isolated from PB. PB was diluted 1:1 with
Dulbeco’s modified Eagle’s medium (DMEM,
Gibco 074-01600) and MNC isolated by den-
sity centrifugation using Ficoll-Paque (Phar-
macia Biotech, Roosendaal, the Netherlands).
Isolated cells (5%10° per ml) were cultured for
48 hours in DMEM supplemented with PSG
(penicilline 100 U/ml, streptomycin sulphate
100 pg/ml and glutamine 2 mmol/l) and 10%
human adult male AB" serum.” ** IFNy and
ILL4 production were measured to separately
assess, respectively, T1 and T2 cell activity.
Because of the undetectably low spontaneous
production of IFNy and 114, the PB MNC
were stimulated with a specific T cell stimulus:
anti-CD3/anti-CD28 antibodies (CLB, Am-
sterdam, the Netherlands; both diluted
1:1000).” ** Interassay variation was less than
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Figure 1

(A) RA disease activiry; mean (SEM) values of Thompson joint score, erythrocyte sedimentation rate, C

reactive protein, and Visual Analogue Scale of 14 RA patients with active disease are given. Patients received 200 mg
dexamethasone 1 at day 1, 3, and 5. Asterisks indicate a statistical significant difference on day 7 and day 42. (B) Ex
vivo IFNy and IL4 production, as measures for T1 and T2 T cell activity respectively, of PB MINC of 14 RA patients who
recerved 200 mg dexamethasone 1v at day 1, 3, and 5. Mean (SEM) values are given. IFNy and IL4 are shown on the left
axis and the average of the individual IL4/IFNy ratios on the right axis. Asterisks indicate a statistical significant
difference on day 7. (C) Ex vivo measured IL10 production of PB MINC of 10 RA patients who received 200 mg
dexamethasone v at day 1, 3, and 5. Mean (SEM) values are given. Asterisk indicates a statistical significant difference

on day 42.

6% and daily variation in blood sampling
induced a variation of less than 11%. The ratio
of IL4 to IFNYy production was calculated as a
measure of differential T cell activity. In
addition, the IL10 production of PB MNC was
determined after 48 hours of culture. As IL10
is also produced in significant amounts by
non-T cells, and is in humans not discrimina-
tive for T'1 or T2 cells, no T cell stimulus was
used for this cytokine. After 48 hours, the cul-
ture media were harvested and rendered cell
free by centrifugation, frozen in liquid nitrogen
and stored at —20°C. IFNy, IL4, and IL10
concentrations were determined by ELISA
according to the manufacturer’s instructions
(Medgenix, Flerus, Belgium). The detection
limits of the assays were 5 pg/ml for IFNy and
IL10 and 10 pg/ml for IL4.

IN VITRO EXPERIMENTS
Increasing concentrations of dexamethasone
(0, 0.02, 0.2, 2 pM.) were added to the PB
MNCs of the 14 RA patients with active
disease before dexamethasone pulse therapy.
This concentration range corresponds with the
plasma dexamethasone range measured shortly
after pulse therapy (unpublished data). As a
control, the same experiments were done on
PB MNCs of seven randomly selected RA
patients not considered for dexamethasone
pulse therapy and with significantly less active
disease (see table 1 for patient characteristics).
The PB MNCs were cultured for 72 hours,
after which the IFNy, 114, and ILL10 concen-
trations were determined. With respect to
IFNy and IL4 production during the last 48
hours, anti-CD3/anti-CD28 was added to
increase the production of both of these
cytokines in an aspecific manner. With respect
to IL10, no additional stimulus was used.
Statistical analysis was performed using the
Wilcoxon signed rank test and the Mann-
Whitney U test for comparisons between RA
pulse patients and RA control patients. A value
of p<0.05 was considered statistically signifi-
cant.

Results

Figure 1 (A) shows the clinical effect of
dexamethasone pulse therapy. Dexamethasone
pulse therapy results in a fast and statistically
significant (p<0.005) decrease in Thompson
joint score, ESR, CRP, and VAS that lasted,
although less significantly for at least six weeks
(for Thompson joint score and ESR, p<0.005;
for CRP and VAS, p=0.06 and p=0.07, respec-
tively).

Figure 1 (B) shows the changes in the PB
MNC cytokine production of the 14 RA
patients receiving high dose glucocorticoster-
oid treatment. A statistically significant de-
crease in IFNy was seen directly after glucocor-
ticosteroid treatment (p<0.05). Six weeks after
treatment, IFNYy production was no lower than
before treatment. In contrast, II.4 production
at day 7 and day 42 showed only a slight and
statistically non-significant decrease (p<0.1).
The IL4/IFNY ratios from these patients there-
fore showed a statistically significant increase
(p<0.005) shortly after glucocorticosteroid
treatment, which suggests a change in differen-
tial T cell activity towards a relatively more
pronounced T2 cell activity. This change in T
cell balance returned to baseline after six weeks
(p=<0.1).

On average there was an increase in sponta-
neous IL10 production that became statisti-
cally significant at day 42 (p<0.05) (fig 1). This
increase was found in 8 of 10 patients with
detectable spontaneous IL.L10 production. In
the remaining four patients IL.10 was at all
times below the ELISA detection limit.

To see whether the change in differential T
cell activity was a direct effect of dexametha-
sone on inflammatory cells, PB MNCs were
taken from the RA patients before dexametha-
sone pulse therapy and exposed to dexametha-
sone in vitro. A statistically significant and dose
dependent decrease was seen for both IFNy
and IL4 (fig 2 (A)) (p<0.05 for both IFNy and
IL4 at all concentrations of dexamethasone).
This decrease was stronger for IFNy than for
IL4. This resulted in a statistically significant,
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Figure 2 (A) In vitro IFNy and IL4 production, as measures for T1 and T2 T cell
activiry respectively, of PB MNC obtained from 14 RA patients before dexamethasone pulse
therapy, which in vitro have been exposed to dexamethasone. Mean (SEM) values are
given. IFNy and IL4 are shown on the left axis and the average of the individual
IL4/IFNy ratios on the right axis. Asterisks indicate a statistical significant difference at all
different dexamethasone concentrations. (B) In vitro IFNy and IL4 production, as measure
for T1 and T2 T cell activity respectively, of PB MNC of seven randomly selected RA
patients, in vitro exposed to dexamethasone. Mean (SEM) values are given. IFNy and
IL4 are shown on the left axis and the average of the individual IL4/IFNy ratios on the
right axis. Asterisks indicate a statistical significant difference at all dexamethasone
concentrations.

dose dependent increase in the mean 114 to
IFNy ratio (p<0.05 at all concentrations of
dexamethasone tested). The relative increase in
T2 cell activity was in accordance with the
results of the differential T cell activity
measured ex vivo shortly after dexamethasone
pulse therapy.

No spontaneous ILL10 production could be
detected after adding dexamethasone in vitro
to PB MNCs taken from RA patients before
dexamethasone pulse therapy.

To see whether the in vitro effect of
glucocorticosteroids on the MNCs was related
to the disease activity in the RA patients, this
effect was measured for 14 RA patients receiv-
ing dexamethasone treatment (with high dis-
ease activity) and seven randomly selected RA
patients who had not been given dexametha-
sone pulse therapy (RA controls). Table 1
shows the characteristics of both groups. There
was no between group difference in mean dis-
ease duration or mean age. As expected, the
ESR and CRP levels were lower in the
randomly selected RA control group. The
cytokine profiles of these patients showed a
similar pattern (fig 2 (B)). After adding
dexamethasone, IFNYy decreased more sharply
than IL4, also for the RA patients with
relatively mild disease. There was thus an
increase in the ratio of IL4 to IFNYy. Interest-
ingly, baseline I1.4 and IFNY production by PB
MNCs of the patients with lower RA disease
activity was higher than the corresponding
cytokine production of RA patients with active
disease, who had been admitted for glucocorti-
costeroid pulse therapy (p<0.05 for both IFNy
and IL.4). However, IL4/IFNY ratio of these RA
control patients did not differ significantly
from the baseline levels of RA patients
receiving dexamethasone pulse therapy. In
vitro IL10 production by PB MNCs cultured
with or without dexamethasone was below the
detection limit for the RA control patients as
well.
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Discussion

In chronic RA, proinflammatory cytokine pro-
duction by macrophages is involved in joint
destruction and contributes to systemic disease
parameters, such as CRP and ESR. This
increased macrophage activity in the joints of
RA patients is, it has been suggested, controlled
by T cell activity. The balance between T1 and
T2 cell activity seems crucial in controlling the
proinflammatory immune response. Stimula-
tion of T2 cell activity might therefore amelio-
rate RA disease activity, either directly by inhi-
bition of macrophage activity or indirectly by
suppression of T1 cells. The latter has been
shown by many in vitro and human and animal
in vivo studies and has also been suggested by
some clinical studies.”’ ' As glucocorticoster-
oid therapy has been proved effective in reduc-
ing symptoms of inflammation in RA, we
hypothesised that this effect may, apart from
immunosuppression, be caused by differential
suppression of T1 cell activity, leaving rela-
tively increased T2 cell activity.

In accordance with previous studies, we were
able to observe a fast, relatively longlasting
albeit declining, clinical response to dexam-
ethasone pulse therapy in patients with RA.

Interestingly, we found increased ILL10 pro-
duction after dexamethasone pulse therapy. As
ILL10 is known to be an inhibitor of proinflam-
matory cytokines, it is possible that the benefi-
cial effect of dexamethasone is partly caused by
upregulation of ILL10 producing cells. The
source of IL.10 remains uncertain. I1.10 is pro-
duced by both T1 and T2 cells and for a
significant part produced by monocytes/
macrophages and B cells. This is in contrast
with mice where IL10 is more clearly a T2 cell
cytokine. The fact that we did not find
stimulated ILL10 production in the in vitro
experiments corroborates previous studies
where it was only after restimulation of
leucocytes, cultured for one week in the
presence of dexamethasone, that significant
IL10 mRNA production was observed.” In the
ex vivo experiments, patients received high
dose dexamethasone pulses and the observed
increased IL10 production at day 42 points to
a slow but relatively longlasting immunoregula-
tory effect. Based on these data it might be
expected that RA patients with low disease
activity have higher IL.10 concentrations. Nev-
ertheless, a correlation between ILL10 concen-
tration and disease activity in RA patients has
not been reported yet. Synergism between
upregulation of ILL10 and the additional effect
of corticosteroids may be responsible for the
clinical effect.

In this study, IFNy and IL.4 production were
used to indicate respectively, T1 and T2 cell
activity. A statistically significant decrease in
T1 cell activity was seen soon after dexametha-
sone pulse therapy was given. As no effect on
T2 cell cytokine production was observed, the
T cell balance shifted towards T2 cell activity.
This relatively greater sensitivity of IFNy
producing cells to the immunosuppressive
effects of glucocorticosteroids, compared with
114 producing cells, has also been reported by
Zieg et al.”” The change in T1/T2 cell balance
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at day 7 had disappeared at day 42. This is
probably caused by the fast decline in plasma
dexamethasone concentration after infusion;
high concentrations were found around day 7
at levels about 100-1000 nM, levelling off at
day 42 to about 1 nM (unpublished data).

As has been shown previously, dexametha-
sone specifically inhibits the levels of mRNA
for both IL2 and IFNy in normal human
lymphocytes.”” Murine T cell growth factors
IL2 and IL4 production is differentially
regulated by glucocorticoids, presumably
through their capacity to bind with steroid
receptors in lymphocytes and to increase or
repress the production of cytokines
selectively.”* Other investigators reported on
the ability of glucocorticosteroids to suppress
the production of IL.2 by inhibiting IL.2 gene
transcription.*

A similar effect, as observed ex vivo on T cell
balance, was seen after adding dexamethasone
in vitro to the PB MNCs of the RA patients
(considered for glucocorticosteroid pulse
therapy) and also on PB MNCs of randomly
selected RA patients. The dexamethasone con-
centrations used for the in vitro experiments
correspond with the relatively high dexametha-
sone serum concentrations measured shortly
after dexamethasone pulse therapy (unpub-
lished data). These results suggest that dexam-
ethasone has a direct effect on PB MNCs
(including T cells as well as monocytes/
macrophages) and also show that the effect is
not influenced by disease activity and does not
necessarily involve an indirect effect via the
hypothalamic-pituitary-adrenal axis and stress
responses. This does not exclude that in addi-
tion to this direct effect of dexamethasone on
leucocytes dexamethasone influences disease
activity and by that induces changes that are of
influence on differential T cell activity. In this
respect changes in adhesion molecule
expression” should be taken into account.

The observed lower IFNy and IL4 produc-
tion of RA patients with high disease activity
seems confusing in the light of the supposedly
dominant T1 cell activity in RA. However,
peripheral inhibition of T cell cytokines by
intra-articularly produced suppressive cy-
tokines (regarded as local counter-mechanism
to joint inflammation), such as TGFf or IL10,
leaking into the circulation where the trigger
for the immunological response is absent, or
selective migration of T1 cells into the joint
might explain this finding.®

In summary, this study demonstrates that
the quick acting and clinically beneficial effect
of dexamethasone pulse therapy in RA patients
is immunosuppressive in nature. Upregulation
of IL10 production may contribute to this rela-
tively prolonged immunosuppressive effect of
dexamethasone pulse therapy. The effect is
accompanied by a shift in T cell balance
towards relatively increased T2 cell activity.
This effect of dexamethasone on T cell balance
is thought to be a direct effect of glucocortico-
steroids on these cells, independent of the
hypothalamic-pituitary-adrenal axis.
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