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ABSTRACT: The authors have investigated whether the steroid-sparing effect of
methotrexate (MTX) in severe orally glucocorticoid-insensitive asthmatics may be
accounted for by the ability of this drug to increase the T-cell responsiveness sen-
sitivity to dexamethasone in vitro. In addition the authors have investigated whether
low-dose MTX treatment is associated with anti-inflammatory effects in peripheral
blood and the bronchial mucosa.

In eight patients with severe atopic asthma, using $15 mg.day-1 prednisolone, the
inhibitory effect of dexamethasone on mitogen stimulated peripheral blood mono-
nuclear cells (PBMC) in vitro was tested before and after 8 weeks of uncontrolled
treatment with MTX. Endobronchial biopsies were taken before and after MTX
therapy in seven subsequent patients, and analysed using immunohistochemistry. In
eight patients, serum was drawn for measuring levels of free interleukin (IL)-8.

The in vitro sensitivity of PBMC to dexamethasone (at 1.6310-9 and 3.2310-10

mol.L-1) was significantly lower in the asthmatics before treatment when compared
with the control subjects (p=0.03 and =0.001) but increased significantly after MTX
treatment (p=0.04 and =0.02) to normal responsiveness. This was not associated with a
decrease in peripheral blood T-cell numbers or activation. Except for a significant
increase in the numbers of CD3+ (p=0.04), no significant numerical changes in acti-
vated T-cells, eosinophils, or mast cells were found (p>0.05). However, MTX treatment
was associated with a significant fall in serum levels of free IL-8 (p=0.03).

It is hypothesized that the steroid-sparing effect of methotrexate originates from
increased sensitivity of lymphocytes to the inhibitory effects of glucocorticoids. The
absence of an inhibitory effect on inflammatory cells in blood and mucosa suggests
that this effect is achieved by modulating cell function rather than cell number.
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Airway inflammation in bronchial asthma is character-
ized by increased numbers of activated T-cells, eosinophils
and mast cells in the airways. The extent of mucosal in-
flammation is considered to play a major role in the clini-
cal presentation of the disease [1]. Glucocorticoids are the
most potent anti-inflammatory drugs currently available
and numerous studies have shown their clinical efficacy
in the management of asthma [2]. Although the mechan-
isms by which glucocorticoids reduce airway inflammation
are not fully understood, their clinical effect is thought to
result from inhibition of T-cell activation, eosinophil rec-
ruitment and activation [2], and suppression of cytokine
release by activated T-cells [3].

Despite the beneficial effects of glucocorticoids in most
patients, a minority of patients continue to have severe
symptoms requiring the institution of systemic glucocorti-
coids which places them at risk of developing considerable
side effects, such as osteoporosis, peptic ulcers, Cush-

ingoid appearance, suppression of the adrenal glands, and
in children, growth retardation. A proportion of these pati-
ents is found to be relatively resistant to the anti-inflam-
matory effects of glucocorticoids as judged by the reduced
suppressive effects of dexamethasone on the proliferative
response of peripheral blood mononuclear cells (PBMC) to
the mitogen phytohaemagglutinin (PHA) [4] and increased
peripheral blood T-cell activation [5]. Recently the auth-
ors have extended these observations to the bronchial
mucosa by demonstrating the existence of increased mu-
cosal T-cell activation in severe glucocorticoid-dependent
asthmatics as compared to mild asthma and healthy con-
trol subjects [6]. In addition, increased concentrations of
free interleukin (IL)-8 have been found in serum of severe
asthmatics who were dependent on high doses of inhaled
and in most cases systemic glucocorticoids [7].

Of greater clinical importance is that while glucocorti-
coid-insensitive asthma is associated with refractoriness to
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glucocorticoids, patients with severe asthma may benefit
from treatment with other potentially anti-inflammatory
drugs, such as cyclosporin-A [8] and methotrexate (MTX)
[9]. MTX has been used in low doses for almost a decade
in the management of severe glucocorticoid-dependent
asthma with the primary goal of reducing the glucocorti-
coid requirements. Several reports have shown that the
addition of MTX to glucocorticoid therapy allowed for
lower glucocorticoid requirements while maintaining ast-
hma control [10±13].

Most of the present knowledge about the anti-inflam-
matory effects of low-dose MTX originates from studies
on subjects with rheumatoid arthritis and psoriasis [14, 15].
These have shown that MTX modulates cell function
without affecting the number of leukocytes at sites of
inflammation [16, 17]. In asthma, it is generally accepted
that MTX has anti-inflammatory properties, but the me-
chanism whereby MTX reduces the need for glucocorti-
coid therapy and diminishes mucosal inflammation have
not yet been investigated. In order to improve under-
standing of the anti-inflammatory mechanisms of MTX
of relevance to asthma the authors have studied a group of
15 severe glucocorticoid-dependent asthmatics before
and after 8-weeks treatment with this drug.

Subjects and methods

Patients

Fifteen patients aged 13±50 yrs (table 1) who fulfilled
the diagnostic criteria of atopic bronchial asthma accor-
ding to the American Thoracic Society [18] and had
spontaneous or pharmacologically induced reversibility
of at least 15% in peak expiratory flow (PEF) or forced
expiratory volume in one second (FEV1) were enrolled.
All had required long-term maintenance treatment with
oral prednisolone for >1 yr at a minimum dose of 15
mg.day-1 in addition to regular treatment with broncho-
dilators (at least four doses of salbutamol per day by

nebulizer and/or metered dose inhaler) and high doses of
inhaled glucocorticoids (>1,600 mg.day-1). The patients
were hospitalized in the Dutch Asthma Centre in Davos,
Switzerland, because of unsatisfactory control of their
asthma with nightly episodes of wheezing and frequent
exacerbations. In all patients glucocorticoid treatment
was associated with Cushingoid features. Each patient
was followed closely for the presence of unidentified
allergies and potential aggravating factors such as gastro-
oesophageal reflux, nasal polyps, sinusitis, and drug in-
tolerance.

Exclusion criteria were pregnancy or lack of adequate
contraception, renal dysfunction, hepatic disease, or hae-
matological disorders. Patients with a history of alcohol or
tobacco abuse, or a current history of obesity (body weight
>50% over normal for age and height), poor medical
compliance, diabetes mellitus, interstitial lung disease, or
recent asthma exacerbations (within 1 month prior to the
study) were also excluded.

The study was approved by the Ethical Committee of
the Dutch Asthma Centre and all subjects gave their
written informed consent. In minors consent was given by
the parents.

Study design

The study was conducted over 18 weeks and consisted
of two phases. During a 10 week run-in period patients
were maintained on the lowest dose of oral prednisolone
required to prevent exacerbations. At least two attempts
were made to reduce the dose of glucocorticoids. Then all
patients received MTX once a week (15 mg.week-1 i.m.)
during a period of 8 weeks while all other medication,
including inhaled and oral glucocorticoids, were kept con-
stant. In all patients blood was drawn for flow cytometric
analyses before and after MTX treatment. In addition,
PBMC from 8 patients were isolated for in vitro proli-
feration inhibition assay before and after the treatment trial.
The results from this part of the study prompted the authors
to take endobronchial biopsies by fibreoptic bronchoscopy
before and after MTX in a subsequent group of seven
severe asthmatics. They were reviewed twice a week by
the same physician to evaluate the clinical status and side
effects of treatment.

Clinical and physiological measurements

Subjects recorded PEF twice daily before and after bron-
chodilator medication using a mini Wright peak flow meter
(Airmed, London, UK). Variability in PEF, an indicator of
airways irratibility, was calculated by the difference be-
tween the maximum and minimum of the four PEF results
each day and expressed as a percentage of the maximum
[19]. The mean value of seven calculations each week
was used for statistical analysis. In addition, subjects were
asked to record their daily use of salbutamol as the num-
ber of puffs delivered via dose inhaler and the frequency
of use of nebulized salbutamol. Lung function tests were
performed before, and 4 and 8 weeks after commencing
MTX and consisted of prebronchodilator FEV1, forced
vital capacity (FVC), whole body plethysmography and
carbon monoxide diffusing capacity of the lung (DL,CO)

Table 1. ± Subjects characteristics

Sex Age
yrs*

FEV1

% predicted+
Inhaled
GCS*

GCS before
MTX*

1 M 39 48 2.4 20
2 F 20 63 2 20
3 M 34 73 2 50
4 M 50 49 2 20
5 F 50 73 2.4 15
6 F 19 59 2.4 30
7 F 15 41 3 60
8 F 18 45 2.4 20
9 F 13 37 1.8 100

10 F 17 64 2 60
11 F 25 82 4 30
12 F 15 53 2 60
13 F 23 56 4 50
14 F 24 48 4 50
15 M 48 56 3.2 40

23 (13±50) 56.5�12.7 2.4 (1.8±4) 40 (15±100)

*: mg.day-1, expressed as median (range); +: per cent of predic-
ted, expressed as mean�SD. FEV1: forced expiratory volume in
one second; GCS: glucocorticoids; MTX: methotrexate; M:
male; F: female.
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using a pneumotachometer (Jaeger Masterlab, WuÈrzburg,
Germany). Values were expressed as a percentage of
predicted.

Blood analyses

Blood was drawn before, and after 4 and 8 weeks of
MTX treatment. Analyses consisted of full blood count
with differential counts. Blood biochemistry analyses in-
cluded measurements of serum creatinine and urea, liver
function tests (serum aspartate aminotransferase and al-
kaline phosphatase), and total immunoglobulin (Ig)E. In
eight patients serum was collected before and after treat-
ment with MTX to determine its effect on levels of free IL-
8 using a sandwhich-enzyme linked immunosorbent assay
(ELISA) as previously described [7]. Briefly IL-8 was
quantified using a solid-phase double-ligand ELISA in
which free IL-8 is captured by a specific monoclonal
antibody. ELISA plates were read at 410 nm on MR 5000
plate reader (Dynatech Laboratories, Billinghurst, UK).
IL-8 concentrations were calculated with reference to a
standard curve constructed using human recombinant
(hr)-IL-8 over a range of 20 pg.mL-1 to 10 ng.mL-1.

Flow cytometry

Flow cytometric analyses of peripheral blood cells from
all subjects with severe asthma and eight nonatopic, non-
asthmatic individuals (four females, four males, aged 18±
42 yrs) were performed before and after treatment using
monoclonal antibodies against CD3 (total T-cells), CD4
(helper/inducer T-cells), and CD8 (suppressor/cytotoxic T-
cells), CD25 (IL-2 receptor; IL-2R) and human leukocyte
antigen (HLA)-DR (major histocompatibility complex (M-
HC)-class II molecule) for activated T-cells (Immunotech,
Marseille, France), and CD19 (total B cells) and low affi-
nity Fc RII (CD23) (Becton Dickinson, Mountain View,
CA, USA). Analysis was performed with scatter gates on
the lymphocyte fraction using laser excitation at 488 nm
and analysing a total of 10,000 events.

Lymphocyte proliferation inhibition assay

The ability of dexamethasone to suppress lymphopro-
liferative responses to PHA as an indicator of T-cell res-
ponsiveness to glucocorticoids before and after treatment
with MTX was studied in eight asthmatics. PBMC were
separated by Ficoll-Hypaque density centrifugation (Phar-
macia Fine Chemicals, Sweden) from blood taken 24 h
after the last dose of prednisolone. For comparison PBMC
from the eight control subjects were isolated and analysed
at the same time. Blood was diluted with phosphate buf-
fered saline (PBS), layered on Ficoll and centrifuged for 20
min at 8003g. The layer of PBMC was collected, washed
twice in PBS and resuspended in Roswell Park Memorial
Institute medium (RPMI)-1640 enriched with 10% foetal
calf serum (FCS). Cell density was adjusted to 13106

cells.mL-1. For 3H-thymidine incorporation assays, PBMC
were cultured in microculture plates (Falcon Plastics, Ox-
nard, CA, USA) in triplicate. The following compositions
were used: 100 mL of cell suspension, 50 mL of PHA (0.5
mL.mL-1) and 50 mL of dexamethasone (Sigma Chemical
Co, St. Louis, MO, USA) at concentrations of 1.0310-6,

2.0310-7, 4.0310-3, 8.0310-9, 1.6310-9, and 3.2310-10

M. After 24 h of incubation at 378C in 5% CO2, 20 mL 3H-
thymidine (1 mCi.mL-1; Amersham, Cambridge, UK) were
added. After 6 h of incubation, cells were harvested (Ska-
tron, Lierbyen, Norway) and the incorporated radioactivity
determined in a liquid scintillation counter (Betaplate;
Pharmacia, Uppsala, Sweden).

Fibreoptic bronchoscopy and tissue analyses

Fibreoptic bronchoscopy was performed in seven sub-
jects with severe asthma before and after phase 2. Biopsies
were taken of the subcarinae of the right middle and lower
lobes according to previous published methods [20, 21].
Specimens were then processed into glycol methacrylate
(GMA) resin for immunohistochemistry, as previously
described [22]. Two-micrometre sections were cut and
immunohistochemical staining performed using the follo-
wing monoclonal antibodies: AA1 (directed against tryp-
tase) for mast cells, EG2 (Pharmacia, Milton Keynes,
UK; directed against the cleaved form of eosinophilic
cationic protein) for eosinophils, anti-neutrophil elastase
(NE) (Dako, High Wycombe, Buckinghamshire, UK) for
neutrophils, anti-CD3 (Dako) for total T-cells, anti-CD4
(Becton Dickinson, Abingdon, Oxfordshire, UK) for
helper/inducer T-cells, anti-CD8 (Dako) for suppressor/
cytotoxic T-cells, and anti-CD25 (Dako) for IL-2R bear-
ing cells. Because IL-2R can be found on activated T-
cells, eosinophils, monocytes and B-cells, adjacent 2-mm
thick sections were stained with cell-specific antibodies
and anti-CD25 antibody. Using the camera lucida method
[23] CD25-positive staining was colocalized with cell
specific staining. To assess possible effects of MTX on
IL-4, the authors have employed monoclonal antibodies
4D9 and 3H4 (donated by C. Heusser, Ciba, Basel, Swit-
zerland) shown previously to distinguish between intra-
cellular and secretory IL-4 [23]. For IL-5 the authors have
used Mab-7 (L.A. McNamee, Glaxo, Greenford, Mid-
dlesex, UK) to detect cellular IL-5 [24].

The stained sections were coded and examined by a
single-blinded investigator (B. Vrugt). Only positively
stained, nucleated cells were counted at 340 magnifica-
tion. The area of the submucosa was measured using the
Colourvision 1.6-4SR software package on a Macintosh
computerized image analyzer (Improvision, Birmingham,
UK) excluding the large blood vessels, smooth muscle, and
glandular tissue. The total count of cells was expressed as
the mean number of cells per square millimetre submucosa
of two sections.

Data analyses

FEV1, FVC (% of predicted) and PEF variability were
expressed as mean�SD. Differences in lung function results
within groups were analysed using the paired t-test. Pro-
liferation inhibition by different concentrations of dexa-
methasone was expressed as the percentage of maximum
inhibition achieved by dexamethasone at a concentration
of 10-6 M. In the asthmatics pretreatment values were com-
pared with those after therapy using the Wilcoxon Signed
Rank test. Differences between asthmatics and control sub-
jects were analysed using the Mann-Whitney U-test. Cell
counts from the tissue samples were expressed as medians
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(range) and the Wilcoxon Signed Rank test used to
compare pre-with post-treatment values. Differences were
considered significant if p<0.05.

Results

Study course

There were two withdrawals from the study after 4
weeks of treatment: one was a 19-yr-old female (subject
No. 7) who developed repeated asthma exacerbations after
MTX was commenced requiring prolonged, high-dose
prednisolone therapy, and the other was a 15-yr-old ado-
lescent (subject No. 8; table 1) who developed intestinal
pneumatosis. The post treatment values of these subjects
were excluded from statistical analysis.

Effect of methotrexate on clinical parameters

In the overall group MTX treatment did not result in
improvement of any of the clinical parameters determined
during the study period (table 2).

Effect of methotrexate treatment on peripheral blood leu-
kocyte- and lymphocyte subpopulations and activation

No significant treatment related changes were observed
in mean (�SEM) leukocyte counts (10.6�1.53109.L-1 be-
fore and 11.6�1.63109.L-1 after MTX) or the differential
counts. Flow cytometric analyses revealed no significant
changes in the mean (�SEM) percentage of CD3+ T-cells
(72.3�2.6% before and 72.0�3.2% after MTX), CD4+ T-
cells (40.7�2.6% before and 42.5�3.3% after MTX) and
CD8+ T-cells (25.5�2.3% before and 23.1�1.6% after
MTX); p>0.05. Also no significant reduction was found in
the expression of IL-2R on CD4+ T-cells (4.6�0.6 and
7.0�1.9%) and CD8+ T-cells (0.9�0.3% and 1.2�0.3%)
between baseline and after 8 weeks of MTX treatment
(p>0.05). Similarly, the percentages of CD4/HLA-DR+
(3.7�0.7%) and CD8/HLA-DR+ cells (5.7�1.7%) before
introduction of MTX were not significantly different from
post-treatment values (4.1�1.4 and 4.0�0.6% respecti-
vely); p>0.05.

Effect of methotrexate treatment on the in vitro sensiti-
vity of peripheral blood mononuclear cells to dexame-
thasone

The PBMC obtained from the eight severe asthmatics
showed decreased sensitivity to dexamethasone at con-

centrations 1.6310-9 and 3.2310-10 M before MTX in
comparison to PBMC obtained from the healthy control
subjects (fig. 1a). In the six asthmatics who completed the
trial, 8 weeks of MTX treatment was associated with a
significantly increased sensitivity of PBMC to the inhi-
bitory effects of dexamethasone in vitro compared to
pretreatment values (fig. 1b), such that no significant

Table 2. ± Summary of clinical data before and after me-
thotrexate (MTX) treatment (n=13)

Before MTX After MTX p-value

FEV1* 57.5�12.9 66.9�25.5 0.08
FVC* 86.8�13.9 87.3�22.1 0.82
Mean morning PEF* 51.9�18.4 59.8�21.8 0.11
PEF variability+ 27.8�12.9 25.6�10.6 0.42
Symptom score{ 7 (1.3±13) 5.4 (1±11.3) 0.23

*: per cent of predicted, expressed as mean�SD; +: per cent,
expressed as mean�SD; {: mean value of seven calculations per
week, expressed as median (range).
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Fig. 1. ± Mean 3H-thymidine incorporation by peripheral blood mono-
nuclear cells (PBMCs) obtained from severe asthmatics and healthy
control subjects in the presence of phytohaemagglutinin (PHA). a)
Shows the decresed sensitivity of PBMCs to the anti-proliferative effects
of dexamethasone in comparison to the normal control subjects, before
methotrexate (MTX) treatment. s : asthmatics (n=8); h : control sub-
jects (n=8); *: p=0.03; **: p=0.001. b) Illustrates the left shift of the
curve after MTX treatment indicating increased response of PBMCs to
dexamethasone in vitro, in asthmatics. s : before MTX (n=6); h : after
MTX (n=6); *: p=0.04; **: p=0.02. c) shows that the inhibition of PHA-
induced proliferation of PBMCs by dexamethasone is not different be-
tween asthmatics after 8 weeks of MTX treatment and control subjects.
s : asthmatics (n=6); h : control subjects (n=6).
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differences were noticed between control subjects and
asthmatic subjects after treatment with MTX (fig. 1c).
The results in the control subjects were not statistically
different for any concentration of dexamethasone at both
time points (p>0.05).

Dexamethasone induced proliferation inhibition of
PBMC as well as flow cytometry of peripheral blood
were also performed in the two patients who were with-
drawn from the study 4 weeks after MTX was commenced.
Both subjects (patient Nos. 7 and 8, table 1) showed a left
shift of the curve after MTX which was similar to that of
the six other asthmatics.

Effect of methotrexate treatment on numbers of inflam-
matory cells in bronchial biopsies

The results of immunohistochemistry of biopsies from
the seven asthmatics are summarized in figure 2 and table
3. When biopsies obtained after MTX treatment were
compared with the pretreatment biopsies, there was a
significant increase in the median number of CD3+ T-
cells from 50 to 81 cells.mm-2 mucosa (p=0.04). Analyses
of the serially-cut sections stained with antibodies direc-

ted against CD3, EG2 and CD25 revealed that all CD25+
cells were T-cells. No significant changes were observed
in the numbers of CD25+ cells, eosinophils, mast cells or
neutrophils. Also the numbers of 4D9+ (intracellular IL-
4), 3H4+ (secretory IL-4) and Mab-7+ (IL-5) cells before
and after MTX treatment revealed no significant diffe-
rences.

Effect of methotrexate on levels of free interleukin-8

As shown in figure 3, MTX treatment was associated
with a significant fall in the median levels of IL-8 de-
termined in eight subjects with severe asthma from 190
(range 10±1,684) to 19 pg.mL-1 (range 0±316 pg.mL-1;
p=0.03). No significant correlations were found between
changes in IL-8 levels and any of the clinical, blood or
biopsy findings.

Discussion

In this open study the authors have shown that MTX
treatment is associated with improvement of the in vitro
sensitivity of PBMC to the inhibitory effects of dexame-
thasone. This supports the hypothesis that the potential
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Fig. 2. ± Effect of 8 week of methotrexate (MTX) treatment on numbers of T-cells (CD3; a), T-helper cells (CD4; b), the expression of the interleukin-2-
receptor (CD25; c), and activated eosinophils (EG2; d) in bronchial biopsies from seven severe asthmatics. Results are expressed as numbers of cells per
square millimetre submucosa. Horizontal bars represent median values. Individual values are given.
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benefit of MTX may result from increased sensitivity of T-
cells to the inhibitory effects of glucocorticoids. However,
there was no evidence for any additional anti-inflammatory
effects of MTX in peripheral blood and endobronchial
biopsies and, except for a decrease in serum IL-8, treat-
ment with MTX was not associated with a reduction in the
numbers of inflammatory cells or their state of activation in
vivo.

A number of open studies has suggested clinical efficacy
of MTX [10, 11]. This has been confirmed in double-
blind placebo-controlled trials [12, 13]. One criticism of
the present clinical observations is that the study was
open-label without a placebo control group and was too
short to draw conclusions with regard to the clinical
effects of MTX [9]. However, the main goal of this study
was to determine the mechanism by which MTX might
improve asthma control and reduce glucocorticoid-dep-
endency, and to assess possible inhibitory effects on those
parameters that are relevant to the pathophysiology of
severe asthma.

Glucocorticoids and MTX are often used together, but
they differ in regard to their effects on leukocyte recruit-
ment and mediator release. Both in vitro and in vivo studies
have presented substantial evidence that glucocorticoids
inhibit T-cell activation and the release of IL-3, IL-4, IL-
5 and granulocyte-macrophage colony-stimulating factor

(GM-CSF), cytokines that are involved in mast cell and
eosinophil recruitment and activation [3]. Two possible,
immunosuppressive and anti-inflammatory, mechanisms
of MTX should be considered. An immunosuppressive
action secondary to the interference of MTX with folate-
dependent nucleic acid synthesis is consistent with its
effects in cancer chemotherapy, but blocking of deoxyr-
ibonucleic acid (DNA) synthesis is not evident with low
doses of MTX (5±25 mg.week-1) [9]. An anti-inflamma-
tory mode of action is supported by a number of studies
showing reduced neutrophil-dependent inflammation, IL-
1 production of mononuclear cells, basophil histamine
release, and platelet activating factor (PAF)-induced eosi-
nophil chemotaxis [16, 17, 25]. In contrast numbers of
mononuclear cells, mast cells and neutrophils present in
the synovium from patients with rheumatoid arthritis are
unchanged following treatment with low-dose MTX [16].
From these observations it has been suggested that MTX
is an agent that interferes with cell function but not cell
number.

Consistent with previous observations [4], the refractori-
ness of PBMC from the current patients to dexamethasone
inhibition underlines their relative glucocorticoid-insen-
sitivity. It is unlikely that the chronic use of systemic
glucocorticoids in these patients is responsible for this ob-
servation because after 8 weeks of treatment with MTX,
during which the dose of glucocorticoids remained un-
altered, the unresponsiveness of PBMC to dexamethasone
was completely abrogated. The observation that the sen-
sitivity of PBMC from healthy control subjects on two
separate occasions did not differ, indicates that the current
in vitro assay is reproducible. Because MTX inhibits the
enzyme thymidylate synthetase the in vitro response of
the cells to MTX could not be determined using this as-
say. MTX creates a cellular deficit of thymidylate result-
ing in increased cellular avidity for uptake of tritiated
thymidine when it is added to cells exposed to MTX [25].

There has been increasing interest recently with regard
to the mechanisms that are involved in the pathogenesis of
severe asthma. Several studies support the concept that
glucocorticoid-resistant asthma is associated with persis-
tent T-cell activation and airway inflammation and is
thought to be the result of a decreased glucocorticoid-rec-
eptor affinity [5, 26]. It has been proposed that cytokine-
induced overexpression of transcription factors, such as
activating protein (AP)-1 and nuclear factor (NF)-kB, is
responsible for the decreased glucocorticoid responsive-
ness in these patients [27]. The observation that glucocor-
ticoid sensitivity could be restored after MTX treatment
suggests that MTX enhances the sensitivity of PBMC to
glucocorticoids which may explain its steroid-sparing
effect which was not investigated in this study. This raises
the possibility that the glucocorticoid-sparing effect of
MTX can be attributed to its potential to reverse the glu-
cocorticoid refractoriness through interference with the
release of mediators involved in decreased glucocorticoid
responsiveness. This is in agreement with observations in
clinical trials where the addition of MTX to antiasthma
treatment is associated with reduction of glucocorticoid
requirements, but not improvement of bronchial hyperre-
sponsiveness or pulmonary function, compared to base-
line values or placebo [9±13]. Although the authors have
not assessed the effect of low-dose MTX on prednisolone
clearance in their patients, the possibility that MTX

Table 3. ± Effects of methotrexate (MTX) treatment on
inflammatory cells in bronchial biopsies (n=7)

Before MTX After MTX p-value

CD3 50 (35±74) 81 (35±192) 0.04
CD4 23 (12±42) 35 (15±152) 0.23
CD8 13 (7±34) 34 (5±119) 0.34
CD25 6.3 (0.75±19.7) 6.8 (2.9±32.8) 0.17
EG2 1.7 (0±5.9) 1.4 (0±16.4) 0.27
AA1 12 (3±56) 16 (2±47) 0.79
NE 22 (9±30) 39 (9±112) 0.17
IL-4 (4D9) 4.5 (1.6±12.1) 3.9 (0±12.2) 0.31
IL-4 (3H4) 2.4 (0.8±10.6) 10.1 (0±24.4) 0.40
IL-5 (Mab-7) 4.6 (2.1±10.3) 3.2 (1.2±12.7) 0.61

Number of cells per square millimetre submucosa, expressed as
median (range). NE: antineutrophil elastase; IL: interleukin.
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Fig. 3. ± Effect of combined glucocorticoid and methotrexate (MTX)
treatment on serum levels of free interleukin (IL)-8 in eight subjects with
glucocorticoid-dependent asthma. Horizontal bars represent median
values. Individual values are given.
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affects glucocorticoid metabolism can largely be dis-
counted because in many trials oral glucocorticoids could
be discontinued in subjects with severe asthma [10±12].

The in vitro observations in this study prompted the
authors to investigate the effect of MTX on mucosal in-
flammation in biopsies obtained from patients with poorly-
controlled glucocorticoid-dependent asthma. Although it
concerned another group, they were clinically not different
from the subjects who participated in the in vitro study.
Addition of MTX did not lead to a decrease in circulating
and mucosal T-cells or their state of activation, and com-
pared to baseline values the number of CD3+ T-cells in the
mucosa were even increased after treatment. Whether this
increase in T-cells implicates a positive response to MTX
treatment is difficult to tell because a positive clinical res-
ponse is generally seen after 24 weeks [9]. Similar obser-
vations have been made in synovia biopsies from patients
with rheumatoid arthritis which have shown that MTX
treatment induces an improvement in clinical and serolo-
gical indices of disease activity but is not associated with
a decrease in the inflammatory infiltrate in the synovia
[28]. In addition, the density of the mononuclear cell in-
filtrate is higher in the synovial membranes from patients
with rheumatoid arthritis treated with MTX when com-
pared to the specimens from patients receiving nonster-
oidal anti-inflammatory drugs with no differences being
observed in the numbers of T-cell subsets or IL-2 bearing
cells between the groups [28]. The authors also have been
unable to show any differences in mast cell numbers,
eosinophilia or the numbers of IL-4 and IL-5 positive
cells in the biopsies of these patients before and after
MTX treatment. In an animal model of adjuvant arthritis
it has been found that MTX improves the ability of
lymphocytes to synthesize IL-2 [29]. Also in patients with
rheumatoid arthritis increased levels of IL-2 have been
found during MTX treatment [30]. If this mechanism is
also operative in severe asthma, it could explain the in-
crease in CD3+ T-cells observed in the biopsies from the
current patients. As mentioned above, these observations
are in line with those made in rheumatoid arthritis where
MTX dramatically diminishes inflammation without af-
fecting the accumulation of inflammatory cells [16, 17]
which further supports the concept that in asthma low-
dose MTX exerts its effects as an immunomodulator
agent that affects cell function rather than cell number. It
is suggested that future studies should focus on the effect
of MTX on cell activity by analysing the production and
release of mediators, such as IL-8, that are relevant to
asthma pathogenesis before and after treatment.

Recent published work has shown increased levels of
free IL-8 in serum from severe glucocorticoid-dependent
asthmatics, whereas no IL-8 could be detected in mild
asthmatics or healthy control subjects [7]. In subjects with
rheumatoid arthritis it has been demonstrated that the
production of IL-8 by PBMC is inhibited by MTX [31],
suggesting that MTX is a potent anti-inflammatory drug.
However, unlike glucocorticoids, MTX does not exhibit
any effect on the release of IL-1, -2, -4, -5, or -8 by T-cells
in vitro [32]. Based on the results of the present in vitro
observations, it is therefore possible that the observed
decrease in levels of free IL-8 may be attributed to the
enhanced inhibitory effect of glucocorticoids on T-cells.
Although PBMC may produce significant amounts of this
chemokine, a direct inhibitory effect on other cells cap-

able of producing IL-8, such as epithelial cells, fibroblasts
and mast cells, cannot be excluded [33]. Further studies
on the in vitro effects of MTX on the production of IL-8
and other mediators by these cells are required.

The clinical deterioration of asthma, resembling MTX-
induced asthma [34], observed in one patient after MTX
was commenced, occurred despite improved responsive-
ness of T-lymphocytes to the antiproliferative effects of
dexamethasone after 4 weeks of treatment. Although an
increase in peripheral blood T-cell activation was noted in
this patient, it is unlikely that the attacks were solely
provoked by an abundant inflammatory response, espe-
cially because increasing the dose of glucocorticoids did
not relieve the symptoms. In rheumatoid arthritis, it has
been demonstrated that the beneficial effect of MTX is
related to an increased release of the autocoid adenosine
that exerts an anti-inflammatory effect through binding to
its A2-receptor [16]. However, in asthma adenosine is a
potent bronchoconstrictor probably due to activation of
mast cells via A2-receptors [35]. In clinical trials cond-
ucted so far [11], the absence of reduced, and incidentally
even increased, bronchial hyperresponsiveness following
MTX treatment might be associated with increased re-
lease of adenosine, and explain the clinical deterioration
observed in this patient. This raises the possibility that the
final outcome of MTX treatment in glucocorticoid-dep-
endent asthmatics, therefore, may depend on the balance
between improved responsiveness to the suppressive act-
ion of glucocorticoids and the degree of MTX-induced
autocoid release. To test this hypothesis further investiga-
tions into the nature and dynamics of these events are
needed and may be helpful to distinguish "MTX-res-
ponders" from "nonresponders".

In summary, this study demonstrates that low-dose
methotrexate may be a useful substitute to glucocorticoid
therapy in some but not all severe asthmatics. It has been
shown that the glucocorticoid sensitivity returns to normal
after short-term treatment with methotrexate, which may
explain its steroid-sparing properties. In accordance with
observations made in patients with rheumatoid arthritis
[16, 17, 28], the absence of a clear quantitative anti-inflam-
matory effect in severe asthma suggests that methotrexate
exerts its effect by modulation of cell function rather than
cell number.
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