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Since its clinical introduction in 1951, methotrexate (MTX)
has been used in a variety of malignant and benign condi-
tions including leukemia, solid tumors, psoriasis, rheuma-
toid arthritis (RA), and bronchial asthma1-3. MTX
pneumonitis has been reported as an infrequent but poten-
tially serious complication of therapy4,5. Initially, most cases
involved patients receiving high doses for treatment of
malignant disorders. Recently, pneumonitis has been
reported in patients receiving low doses for treatment of
psoriasis and RA6-9. The prevalence of MTX pneumonitis is
estimated to be 7 to 8% with high dose MTX, and 3 to 5.5%
with low dose MTX4,10-12.

Eosinophils are a key source of cytokines with inflam-
matory and fibrosis-promoting activity13. An increase of
eosinophils is often found in the interstitium and alveolar
spaces in lung biopsy specimens obtained from patients with

MTX induced pneumonitis4,10. A mild peripheral
eosinophilia has been reported in 50% of the cases10,11,14 and
may suggest the diagnosis of MTX induced pneumonitis.
Thus, there is evidence linking eosinophils and MTX
induced lung injury.

On the basis of these observations, we hypothesized that
MTX induces lung fibroblasts and epithelial cells to release
eosinophil chemotactic activity (ECA). The data indicate
that human lung fibroblast (HFL-1) and human lung epithe-
lial (BEAS 2B) cell lines release ECA in response to MTX.
In addition, we assayed several chemotactic factors and
found that granulocyte-macrophage colony-stimulating
factor (GM-CSF) was significantly increased by MTX.

MATERIALS AND METHODS
Culture of HFL-1 and BEAS 2B cells. We used fetal human lung fibroblast
(HFL-1, lung, diploid, human, passage 14), an established cell line
(American Type Tissue Culture Collection, Rockville, MD, USA) and
BEAS 2B cells, a human bronchial epithelial cell line transformed by
hybrid adenovirus SV-40. HFL-1 and BEAS 2B cells were suspended at 1.0
× 106 cells/ml in F-12 or Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, Grand Island, NY, USA) supplemented with penicillin (50 µg/ml;
Gibco), streptomycin (50 µg/ml; Gibco), and 10% heat inactivated fetal
bovine serum. Cell suspensions (3 ml) were added to a 30 mm diameter
tissue culture dish (Corning, Corning, NY, USA) and were cultured at 37°C
in a 5% CO2 atmosphere. After 2–3 days the medium was changed and the
cells were incubated another 24 h.

Exposure of lung HFL-1 and BEAS 2B cells to MTX. Cells were washed
twice with serum-free media and incubated in the presence and absence of
MTX. To determine the dose and time dependent release of ECA, the
cultures were incubated at various concentrations of MTX (0, 0.01, 0.1, 1.0,
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and 10 µg/ml; Sigma, St. Louis, MO, USA) for 12, 24, 48, and 72 h at 37°C
in a humidified 5% CO2 atmosphere. MTX 10 µg/ml did not injure HFL-1
or BEAS 2B cells (no deformity of cell shape, no detachment from tissue
culture dish, and more than 95% of cells were viable by trypan blue exclu-
sion) after 72 h incubation. However, MTX 100 µg/ml caused substantial
cytotoxicity after 24 h incubation. The supernatant fluids were then
harvested and stored at –80°C until the assay. At least 6 separate HFL-1 and
BEAS 2B cell supernatant fluids were harvested for each experimental
condition.

Measurement of ECA. Eosinophils were isolated using a modified method
of Hansel, et al15 with a magnetic cell separation system (Becton
Dickinson). Purity of the eosinophils counted by Randolph’s stain was >
94% and viability was > 98%. The eosinophils were resuspended in Gey’s
solution at 2.0 × 106 cells/ml and used for the chemotaxis assay.

The chemotaxis assay was performed in 48 well microchemotaxis
chambers (NeuroProbe Inc., Cabin John, MD, USA) as described16. The
chambers were incubated in humidified air with 5% CO2 at 37°C for 90
min. After incubation, the chamber was disassembled and nonmigrating
cells were wiped away from the filter. The filter was then immersed in
methanol for 5 min, stained with Diff-Quik (American Scientific, McGraw
Park, IL, USA), and mounted on a glass slide. Cells that had completely
migrated through the filter were counted by light microscopy in random
high power fields (HPF, ×400) per well.

To determine whether the migration was due to movement along a
concentration gradient (chemotaxis) or to stimulation of random migration
(chemokinesis), a checkerboard analysis was performed with supernatant
fluids obtained from cells cultured for 72 h in the presence of 10 µg/ml
MTX17. Various dilutions of the culture supernatant fluids (1:1, 1:4, 1:16,
1:64, and 1:256) were placed below and above the membrane with the
target cells. 

Partial characterization of ECA. Partial characterization of ECA released
from HFL-1 or BEAS 2B cells was performed using supernatant fluids
harvested from cells cultured 72 h with 10 µg/ml of MTX. Sensitivity to
proteases was tested by incubating the supernatant fluids with trypsin (100
µg/ml; Sigma) for 30 min at 37°C followed by the addition of 1.5 M excess
of soybean trypsin inhibitor (Sigma) to terminate the proteolytic activity.
The lipid solubility was evaluated by mixing the supernatant fluids twice
with ethylacetate, decanting the lipid phase after each extraction, evapo-
rating the ethylacetate to dryness, and resuspending the extracted material
in medium used for the cell culture. Both the ethylacetate extracted lipid-
soluble and the aqueous materials were evaluated for chemotactic activity.
Heat sensitivity was determined by maintaining supernatant fluids at 98°C
for 15 min.

Measurement of leukotriene B4 in the supernatant fluids. Leukotriene B4
(LTB4) was measured in the supernatant fluids because the released ECA
was partially lipid extractable. The concentration of LTB4 was measured in
supernatant fluids from cells cultured 72 h with 10 µg/ml MTX using a
commercial ELISA kit (R&D Systems, Minneapolis, MN, USA). The
minimum concentration detected by this method was 30 pg/ml.

Measurement of eotaxin, interleukin 5, RANTES, and GM-CSF in the
supernatant fluids. Several well characterized protein chemotactic factors
were measured because the released ECA was partially heat and protease
sensitive. The concentrations of eotaxin, interleukin 5 (IL-5), RANTES,
and GM-CSF were measured in the supernatant fluids from cells cultured
for 72 h with 10 µg/ml MTX using a commercial ELISA (R&D Systems).
The minimum concentration detected by these methods was 15.6 pg/ml.

Effects of eotaxin, IL-5, RANTES, and GM-CSF polyclonal antibodies to
ECA. Cells were cultured with MTX 10 µg/ml for 72 h. Neutralizing anti-
bodies to eotaxin (5 µg/ml; R&D Systems), IL-5 (10 µg/ml; R&D
Systems), RANTES (50 µg/ml; R&D Systems), and GM-CSF (10 µg/ml;
R&D Systems) were added and the supernatants were incubated 30 min at
37°C. ECA was then measured as described.

Effects of LTB4 and platelet-activating factor receptor antagonist on ECA.
LTB4 and platelet-activating factor receptor (PAF) antagonists were used to
evaluate the involvement of LTB4 and PAF in the released ECA. The
LTB4-receptor antagonist, ONO 4057, 10-5 M (ONO Pharmaceutical Co.,
Tokyo, Japan), and PAF receptor antagonist TCV-309, 10-5 M (Takeda
Pharmaceutical, Tokyo, Japan), were used to evaluate the role of LTB4 and
PAF in ECA in the crude supernatant fluids18,19.

Statistics. For experiments in which multiple trials were performed, differ-
ences between groups were tested for significance using one way analysis
of variance, with Fisher’s multiple range test applied to data at specific time
and dose points. For experiments in which a single measurement was made,
the differences between groups were tested for significance using Student’s
paired t test. In all cases, a p value < 0.05 was considered significant. Data
in figures and tables were expressed as mean ± SEM.

RESULTS
Release of ECA from HFL-1 and BEAS 2B cells. HFL-1 and
BEAS 2B cells released ECA in a dose dependent manner in
response to MTX after 72 h (Figure 1). The lowest dose to
significantly increase ECA was 0.1 µg/ml for HFL-1 cells
and 1.0 µg/ml for BEAS 2B cells. Increasing concentrations

Figure 1. The dose dependent release of ECA in response to MTX from HFL-1 (A) and BEAS 2B cells (B) after
72 h (n = 8). Values are expressed as means ± SEM. *p < 0.05 compared with supernatant fluids without MTX.
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of MTX up to 10 µg/ml progressively increased the release
of ECA. Although HFL-1 and BEAS 2B cells released ECA
constitutively, both cell lines increased ECA in response to
MTX in a time dependent manner (Figure 2). A significant
increase in ECA was seen after 24 h (HFL-1) or 48 h (BEAS
2B cells) of exposure to MTX. MTX itself was not chemo-
tactic for eosinophils. Incubation of MTX (100 µg/ml) with
the eosinophils prior to the chemotaxis assay did not alter
ECA to LTB4, GM-CSF, and eotaxin (data not shown). To
confirm the results, we investigated MTX effects on another
lung fibroblast (CCL-202) and epithelial (A549) cell line.
MTX stimulated these cell lines to release ECA after 72 h
(CCL-202 media alone 10 ± 2 cells/HPF, media plus MTX
10 µg/ml 37 ± 5 cells/HPF; A549 media alone 8 ± 2
cells/HPF, media plus MTX 10 µg/ml 23 ± 4 cells/HPF; n =
4, p < 0.05).

Checkerboard analysis revealed that the supernatants
from HFL-1 or BEAS 2B cells treated with MTX induced
eosinophil migration. The effect was larger in the presence
of a gradient across the membrane, but there was some
eosinophil migration in the absence of a gradient (Table 1).
Thus, ECA was predominantly chemotactic activity rather
than chemokinetic activity.

Partial characterization of ECA. The ECA from HFL-1 or
BEAS 2B cells was heterogeneous. ECA was partially sensi-
tive to heat, partially extracted by ethylacetate, and partially
digested by trypsin (p < 0.05; Figure 3).

Release of LTB4 from HLF and BEAS 2B cells. LTB4 was
measured in the supernatant fluids because the characteriza-
tion suggested the presence of a lipid-soluble chemotactic
factor. LTB4 was detectable in the supernatants from
untreated cells. Addition of MTX at 10 µg/ml for 72 h did
not significantly increase LTB4 release from HFL-1 cells
(Table 2).

Release of eotaxin, IL-5, RANTES, and GM-CSF from HFL-

1 and BEAS 2B cells by MTX. The known eosinophil
chemotactic factors, eotaxin, IL-5, RANTES, and GM-CSF,
were measured in the supernatant fluids because the charac-
terization suggested the presence of a protein chemotactic
factor. Incubation with MTX 10 µg/ml for 72 h incubation
stimulated the release of GM-CSF from HFL-1 and BEAS
2B cells (p < 0.05; Table 2). HFL-1 cells released eotaxin,
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Figure 2. The time related release of ECA in response to 10 µg/ml of MTX (n = 8). ��: supernatants with MTX;
�: supernatants without MTX from HFL-1 (A) and BEAS 2B cells (B). Values are expressed as means ± SEM.
*p < 0.05 compared with supernatant fluids without MTX.

Table 1. Checkerboard analyses of HFL-1 and BEAS 2B cell supernatants
harvested after 72 h incubation with 10 µg/ml MTX. Vertical column repre-
sents the dilution of supernatants placed in the lower wells, and the hori-
zontal row represents dilutions of supernatants in the upper wells with cells.
Data are expressed as means ± SE cells per high power field.

A. Checkerboard analysis of HFL-1 supernatants for eosinophil migration.

Upper Well
Lower    
Well RPMI 1:256 1:64 1:16 1:4 1:1

RPMI 3 ± 1 2 ± 1 3 ± 1 4 ± 1 5 ± 1 6 ± 1
1:256 3 ± 1 3 ± 1 3 ± 1 5 ± 2 3 ± 1 5 ± 1
1:64 3 ± 1 2 ± 1 2 ± 1 3 ± 1 4 ± 1 3 ± 2
1:16 4 ± 1 3 ± 1 2 ± 1 4 ± 1 3 ± 1 5 ± 2
1:4 19 ± 3 18 ± 2 19 ± 3 11 ± 2 9 ± 3 4 ± 1
1:1 31 ± 2 28 ± 3 27 ± 4 13 ± 2 12 ± 2 11 ± 1

B. Checkerboard analysis of BEAS 2B cell supernatants for eosinophil
migration.

Upper Well
Lower
Well RPMI 1:256 1:64 1:16 1:4 1:1

RPMI 3 ± 1 3 ± 1 4 ± 1 3 ± 1 6 ± 2 6 ± 2
1:256 2 ± 1 3 ± 1 3 ± 1 4 ± 1 7 ± 2 6 ± 2
1:64 3 ± 1 3 ± 1 5 ± 2 5 ± 1 6 ± 1 4 ± 1
1:16 6 ± 1 4 ± 1 6 ± 1 7 ± 2 8 ± 2 6 ± 1
1:4 26 ± 3 16 ± 2 9 ± 2 8 ± 1 10 ± 3 10 ± 2
1:1 28 ± 4 29 ± 2 22 ± 3 19 ± 3 13 ± 4 13 ± 3
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and BEAS 2B cells released eotaxin and RANTES under
baseline culture conditions; however, the addition of MTX
10 µg/ml for 72 h did not increase the release of these
factors.

Inhibition of ECA by polyclonal antibodies to eotaxin, IL-5,
RANTES, and GM-CSF. Among the polyclonal blocking
antibodies, anti-eotaxin and anti-GM-CSF antibodies inhib-
ited ECA from HFL-1 (p < 0.05; Figure 4A), and anti-GM-
CSF antibodies inhibited ECA from BEAS 2B cells (p <
0.05, Figure 4B). IL-5 and RANTES antibodies had no
effect on ECA.

Inhibition of ECA by LTB4 receptor antagonists. ECA from
HFL-1 or BEAS 2B cells was significantly inhibited by the
addition of the LTB4 receptor antagonist ONO 4057 (p <
0.05; Figure 5). The PAF receptor antagonist, TCV309, did
not block ECA. LTB4 or PAF receptor antagonist at 10-5 M
inhibited the ECA in response to 10-7 M concentration of
LTB4 or PAF, respectively, but showed no inhibitory effects
on endotoxin activated, serum induced eosinophil chemo-
taxis (data not shown).

Inhibition of ECA by polyclonal antibodies and LTB4
receptor antagonist. Because ECA was significantly inhib-
ited by the addition of cytokine antibodies or the LTB4
receptor antagonist, we investigated the effect on ECA of a
combination of these agents. These agents almost
completely inhibited the ECA from HFL-1 and BEAS 2B
cells (p < 0.05; Figure 6).

DISCUSSION
We observed that MTX stimulates HFL-1 and BEAS 2B
cells to release ECA in a dose and time dependent manner.
Partial characterization revealed the ECA was heteroge-
neous. The increased ECA induced by MTX appears to be
predominantly due to increased release of GM-CSF. GM-
CSF was increased in the culture supernatant fluids and an
anti-GM-CSF antibody decreased the chemotactic activity
in HFL-1 and BEAS 2B cell culture supernatant fluids,
while other eosinophil chemotactic factors were not
increased by MTX. These data suggest that MTX modulates
eosinophil recruitment to the interstitium through the release
of chemotactic cytokines.

The concept of the harmful inflammatory role of
eosinophils in interstitial lung disease is not new20. Higher
numbers of eosinophils in BALF has been related to a poor
response to therapy and shorter survival in patients with
idiopathic pulmonary fibrosis21. Eosinophilia and eosinophil
infiltration are often found in the interstitium and alveolar
spaces in lung biopsy specimens from patients with drug
induced pneumonitis, and may suggest the diagnosis4,10,22-24.
Furthermore, it is increasingly clear that lung fibroblast and
epithelial cells participate in the recruitment of inflamma-
tory cells that produce a variety of mediators and
cytokines25-29.

Figure 3. Partial characterization of ECA in response to 10 µg/ml of MTX obtained from HFL-1 (A) and BESAS
2B cells (B) after 72 h (n = 8). Values are expressed as means ± SEM. *p < 0.05 compared with crude supernatant
fluids.

Table 2. The release of cytokines from HLF-1 and BEAS 2B cells in
response to MTX.

HFL-1 BEAS 2B
Control MTX Control MTX

Eotaxin 691.8 ± 38.4 734.8 ± 116.6 24.0 ± 1.5 19.3 ± 1.5
RANTES ND ND 125.5 ± 12.4 124.1 ± 21.2
IL-5 ND ND ND ND
GM-CSF 17.9 ± 0.3 122.5 ± 11.2* 19.17 ± 0.4 98.6 ± 15.7*
LTB4 725.1 ± 64.6 882.1 ± 180.1 938.6 ± 116.2 1100.1 ± 71.4

Values are mean ± SEM pg/ml. *p < 0.05 compared with control. ND: not
detected.
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MTX is used in a variety of malignant and benign condi-
tions. The major pulmonary complication of MTX is an
acute pneumonitis that can occur in as many as 7.6% of all
patients receiving the drug4,10. The incidence of pneumonitis
appears to be dose related because the prevalence for MTX
pneumonitis appears to be lower in patients with RA, where
lower doses are used than in cancer patients30,31. The preva-
lence of MTX induced pneumonitis in RA is estimated to be
3 to 5.5%, with an incidence of 3.9/100 patient-years. The
mortality is roughly 1%, with cause of death sometimes
attributed to a superimposed bacterial infection4,11,12.
Anderson, et al32 reported that the concentration of MTX in
the serum or cancer tissue is about 1 µg/ml. This dose was

associated with the release of ECA by HFL-1 and BEAS 2B
cells in our studies. Therefore, the doses of MTX used in
these in vitro studies may have in vivo relevance.

The results of the partial characterization suggest that the
released ECA was composed of lipid and protein. The LTB4
receptor antagonist inhibited ECA, and the concentration of
LTB4 was in the chemotactic range for eosinophils33. The
blocking antibodies to eotaxin and GM-CSF attenuated
ECA, and the concentrations of these cytokines were also
sufficient to induce ECA34,35. However, the increased
release of ECA from both HFL-1 and BEAS 2B cells
appeared to be explained predominantly by the increased
release of GM-CSF in response to MTX.

Figure 4. The effects of blocking antibodies on ECA in supernatant fluids obtained from HFL-1 (A) and BESAS
2B cells (B) (n = 8). Values are expressed as means ± SEM. *p < 0.05 compared with untreated supernatant
fluids. RANTES: regulated on activated, normal T cells, expressed and selected.

Figure 5. Inhibition of ECA from HFL-1 (A) and BEAS 2B cells (B) by the leukotriene B4 receptor antagonist
ONO 4057 and the PAF receptor antagonist TCV309 (n = 8). Values are expressed as means ± SEM. *p < 0.05
compared with crude supernatant fluids. 

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


GM-CSF has been shown in vitro to activate eosinophil
functions including differentiation, chemotaxis, chemotaxis
priming, survival, transendothelial migration, expression of
CD11b, CD4 and HLA-DR, and mediator release17,36. In
addition, GM-CSF has broader cellular targets, including
granulocyte and monocyte lineage cells, and structural cells
such as fibroblasts, endothelial, and smooth muscle cells37-

39; GM-CSF has been shown to induce granulomatous
formation and fibrotic reactions40.

Mullarkey, et al2 reported that MTX has a significant
steroid-sparing effect in the treatment of steroid dependent
asthma41. Although the mechanism of the beneficial action
of MTX in asthma is unknown, it is most likely related to an
antiinflammatory effect. Consistent with this hypothesis,
MTX has been shown to inhibit neutrophil chemotaxis42-45

and IL-1 and histamine release46-48.
The development of pneumonitis has infrequently been

reported during MTX therapy for asthmatic patients. To our
knowledge, only one case of MTX induced pneumonitis has
been reported in an asthmatic patient49. MTX has been used
for its steroid-sparing effect in asthma, and for this reason,
both steroids and MTX are used together in most cases.
Asthmatic patients may be protected from the adverse effect
of MTX because of concurrent steroid treatment, a protec-
tive effect that may disappear as the steroid dose is reduced.

MTX stimulated HFL-1 and BEAS 2B cells to release
ECA. The released ECA was attributed to GM-CSF, eotaxin,
and LTB4. The release of GM-CSF was increased by MTX
stimulation. These results suggest that lung fibroblasts and
epithelial cells may play a role in eosinophil recruitment by
releasing chemotactic activity in response to MTX.
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