
INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) and non-specific interstitial
pneumonia (NSIP) are inflammatory lung diseases of unknown
aetiology, characterized by the presence of varying degrees of
inflammatory cell infiltration of the interstitium and fibrosis
within the alveolar walls, resulting in accumulation of fibroblasts.
In addition, it has been suggested that NSIP is observed fre-
quently as a pathological classification of the lung involvement in
patients with connective tissue diseases [1,2].

The myofibroblast, a cell having ultrastructural features of
fibroblasts as well as smooth muscle cells, was described first in
granulation tissue [3]. It has been suggested that myofibroblasts
play a role in wound contraction and in the retractile phenomena

observed during fibrotic diseases [4]. Skalli et al. [5] identified four
types of fibroblast/myofibroblast which express: only vimentin (a
cells); vimentin, a-smooth muscle actin (a-SMA) and desmin 
(b cells); vimentin and a-SMA (c cells); and vimentin and desmin
(d cells).

Yoshinouchi et al. [6] have suggested that the active contrac-
tion of myofibroblasts plays a role in the remodelling of the lung
in pulmonary fibrosis. They have also reported that the appear-
ance of myofibroblasts is a characteristic finding in rheumatoid
arthritis (RA) associated with interstitial pneumonia and in the
acute stage of IPF [3]. It has also been reported that many myo-
fibroblasts in both the Masson bodies of bronchiolitis obliterans
organizing pneumonia (BOOP) and the fibroblastic foci of 
usual interstitial pneumonia (UIP) are of the c type, containing
vimentin and a-SMA [7].

Vimentin, known as the intermediate filament polypeptide, is
present typically in cells of mesenchymal origin, e.g. fibroblasts
[8]. Vimentin surrounds the nucleus and extends out to the cell
periphery [9] and is responsible for cell elongation, regulation of
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SUMMARY

It has been suggested that the humoral immune system plays a role in the pathogenesis of non-specific
interstitial pneumonia (NSIP). Although some circulating autoantibodies to cytoskeletal protein(s)
have been suggested, the antimyofibroblast antibody has not been investigated in patients with idio-
pathic pulmonary fibrosis (IPF) and NSIP. The purpose of this study is to evaluate the existence of
antimyofibroblast antibody in the sera of patients with IPF and NSIP. The MRC5 cell line was used as
a model of myofibroblast. The anti-MRC5 cell antibody was characterized in a patient with NSIP using
Western blotting. Since we found that one of the anti-MRC5 antibodies was an antivimentin antibody,
we established an enzyme-linked immunosorbent assay (ELISA) to measure the levels of antivimentin
antibody in the sera of patients with IPF (n = 12) and NSIP (n = 23). Initially, two anti-MRC5 cell anti-
bodies were detected in the sera of patients with NSIP, one of which was characterized as the anti-
vimentin antibody by Western blotting. The other was characterized as an antivimentin fragment
antibody. We established an ELISA to measure the antivimentin antibody and found significantly
higher levels in patients with IPF and NSIP than in normal volunteers. One of the anti-MRC5 cell anti-
bodies in the serum of a patient with NSIP was against vimentin. The serum levels of antivimentin anti-
body were increased in patients with IPF and NSIP compared with that of normal volunteers. These
results suggest that the antivimentin antibody may be involved in the process of lung injury in IPF and
NSIP.
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cell attachment, subcellular organization and signal transduction
from plasma membrane to the nucleus [10].

We have demonstrated previously the presence of anticyto-
keratin 8 [11], anticytokeratin 18 [12], and anticytokeratin 19 [13]
autoantibodies in sera of patients with pulmonary fibrosis. As
cytokeratins are also known as the intermediate filament poly-
peptides of epithelial cells, and as myofibroblasts which express
vimentin as well as a-SMA are infiltrated in the lungs of patients
with IPF [6] and NSIP (personal communication), we hypothe-
sized that antimyofibroblast antibodies (especially an anti-
vimentin antibody) might be detected in the sera of patients with
IPF and NSIP.

MATERIALS AND METHODS

Subjects
Thirty-five patients diagnosed with interstitial pneumonia were
studied from 1990 to 2000. Of the 35 patients, 12 had IPF and 
23 had NSIP (17 were idiopathic NSIP and six were associated
with polymyositis/dermatomyositis). The diagnoses of interstitial
pneumonia were made on clinical, radiological, physiological and
histological grounds. The criteria used included history of exer-
tional dyspnoea and cough, fine crackles on physical examination,
compatible findings on the chest radiograph (diffuse basal reticu-
lonodular shadowing), physiological abnormalities of restrictive
lung defects including decreased diffusing capacity and abnormal
PaO2 at rest and/or with exertion. In all patients high resolution
computed tomographic scanning of the lungs (HRCT) was per-
formed. None of the patients received immunosuppressive treat-
ment such as corticosteroid or cyclophosphamide. Pulmonary
function tests, %vital capacity (VC) and forced expiratory volume
in 1 s (FEV1) were performed in all patients.

Histological confirmation was obtained in all cases by open
lung biopsy. IPF (pathologically UIP) was diagnosed according 
to the criteria of the International Consensus Statement [11], 
and NSIP was diagnosed according to the pathological criteria of
Katzenstein et al. [1]. Finally, among the 35 patients, 12 were diag-
nosed with IPF [three women, median age 68 (range 47–78)] and
23 with NSIP [15 women, median age 62 (range 44–74), 17 pa-
tients with idiopathic NSIP and six patients with polymyositis/
dermatomyositis)]. We also studied 16 normal subjects (seven1
women) with a median age of 63 years.

The protocols for this study were approved by the institu-
tional review board for human studies and informed written
consent was obtained from the subjects.

Blood samples 
Peripheral venous blood samples without ethylenediamine tetra-
acetic acid (EDTA) were obtained before breakfast. After cen-
trifugation at 1000 g for 10 min at 4°C the serum was frozen and
stored at -70°C until used. Arterial blood oxygen and carbon
dioxide tensions (PaO2 and PaCO2) were measured with a blood
gas analyser. In a preliminary experiment, a 53-year-old female
was found to have a high titre of the antivimentin antibody by
Western blotting. Therefore, to evaluate antibodies against the
MRC5 cell line, the serum of this patient was used as a positive
control.

Cell lines
MRC5 cell lines were used as a model for myofibroblasts. MRC5
was obtained from the Japanese Type Culture Collection. MRC5

cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM, Nissui, Tokyo, Japan) supplemented with 10% fetal calf
serum (Trace Scientific Ltd, Melbourne, Australia) at 37°C under
5%CO2/95%air. To confirm that MRC5 cells have characteristics
of myofibroblasts, immunohistochemical staining by antihuman
monoclonal antibodies against vimentin as well as against a-SMA
was performed. MRC5 cells were stained immunohistochemically,
employing the avidin–biotin peroxidase complex method (Dako
LSAB kit-peroxidase, Dako Corp., Kyoto, Japan) using mouse
monoclonal antibodies to vimentin (Dako, 1 : 50 dilution) as well
as anti-a-SMA (Dako, 1 : 200 dilution). In order to retrieve and
increase the immunoreactivity, microwave pretreatment (with
0·01 M citrate buffer at 95°C for 5 min) was performed before
antivimentin staining. No pretreatment was performed before
anti-a-SMA staining.

SDS-PAGE electrophoresis and Western blotting 
SDS-polyacrylamide gel electrophoresis was performed accord-
ing to Laemmli’s method [12] with a slight modification. The
lysate of MRC5 cells were mixed with sodium dodecyl sulphate
(SDS 2·0%) and heated (100°C, 5 min). Commercially available
recombinant human vimentin (Progen Biotechnik GmbH, lot
907019, Heidelberg, Germany) was also used as the positive
control for vimentin. The sample was then applied to a 10/20%
SDS polyacrylamide gel, electrophoresed (60 mA, 60 min), fixed
in 50% methanol, 10% acetic acid and stained with Coomassie
Blue. Standard molecular weight markers were purchased from
Oriental Yeast Co. Ltd (Tokyo, Japan) and consisted of multiple
synthetic peptides with molecular weights of 14800, 28201, 41603,
55004, 68406 and 81807.

Proteins were transferred electrophoretically onto a nitro-
cellulose membrane [13] and detection was performed by
immunoblotting; using the serum from one patient (53-year-old
female with NSIP; a positive control as described previously) and
peroxidase conjugated mouse monoclonal antihuman IgG anti-
body (Southern Biotechnology Associates, Inc., lot J560-X070,
Birmingham, AL, USA), and then stained with 4 CN PLUS for
chromogenic detection of horseradish peroxidase (NEM Life
Science Products, Boston, MA, USA). We also used the peroxi-
dase conjugated goat antihuman IgA (Sigma Chemical Co., lot
89H9150, St Louis, MI, USA) as a second antibody.

The positive controls of Western blotting for vimentin were
also performed using a mouse monoclonal antihuman vimentin
antibody (CIT605, Lot 1194B, YLEM s.r.l., Rome, Italy) as the
first antibody, and peroxidase conjugated goat antimouse IgG
antibody (Santa Cruz Biotechnology, Lot F050, CA, USA) as the
second antibody.

In order to identify the existence of an antibody against 
a-SMA, Western blotting using mouse monoclonal antihuman 
a-SMA (PDM003, Lot B116, YLEM s.r.l., Rome, Italy) was also
performed.

Digestion of recombinant human vimentin by recombinant
human caspase 3 
We also evaluated the existence of antibodies against vimentin
fragments. Vimentin fragments were prepared by incubating
recombinant human vimentin (1 mg/ml, 10 µl) with recombinant
human caspase 3 (1 U/ml, 25 µl, Chemicon International, Inc., lot
20021112, CA, USA) in 37°C, for 48 h. Then, the same amount of
sodium dodecyl sulphate (SDS 2·0%) was added to this solution
and heated (100°C, 5 min) for Western blotting.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:169–174
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Enzyme-linked immunosorbent assay for antivimentin
autoantibody in human sera
An enzyme-linked immunosorbent assay (ELISA) was estab-
lished to measure levels of antivimentin antibody in human serum
samples. Serum (diluted 1 : 100) was added to wells coated with
recombinant human vimentin (4 µg/ml) at 4°C and left overnight.
After incubation for 1 h and three washings with PBS containing
0·05% Tween 20, the solid phase-bound antihuman vimentin
autoantibody was incubated further for 1 h with peroxidase-
conjugated mouse antihuman IgG antibody (Southern Biotech-
nology Associates, Inc., lot J560-X070, diluted 1 : 1000). After
further washing the wells with 0·05% PBS-Tween20, 100 µl of
freshly prepared substrate (TMB Peroxidase EIA Substrate Kit,
Bio-RAD Laboratories, Hercules, CA, USA) were added to each
well. After 5 min incubation at room temperature, the reaction
was stopped by adding 100 µl of 1 N H2SO4. Optical densities were
measured at 450 nm in a double-beam spectrophotometer. The
assay was calibrated using a standard solution of the patient’s
serum (diluted at 1 : 50, 1 : 100, 1 : 200, 1 : 400, 1 : 800 and 1 : 1600)
in which the antivimentin antibody had been demonstrated 
by Western blotting. Data are expressed as mean values from
duplicate determinations.

In 23 patients with NSIP, correlations between each para-
meter were evaluated. To evaluate correlations between anti-
vimentin antibody levels and other factors, we also measured 
the parameters as follows. In serum, we measured elastase: a1-
proteinase inhibitor complex (E-PI), hepatocyte growth factor
(HGF), C-reactive protein (CRP), lactate dehydrogenase (LDH)
and immunoglobulin G (IgG). In BALF, E-PI, HGF, LDH, 
IgG, albumin and cell differentiations were measured. In peri-
pheral venous blood, white blood cell numbers (WBC) and the 
erythrocyte sedimentation rate (ESR) were measured. Arterial
blood gas values (PaO2 and PaCO2) were also measured. In 
addition, as a pulmonary function test, percent vital capac-
ity (%VC) and forced expiratory volume (FEV1·0%) were 
measured.

E-PI concentration was determined using enzyme-linked
immunosorbent assay (ELISA) kits (Diagnostica Merck, 
Darmstadt, Germany). HGF was measured by ELISA with 
monoclonal and polyclonal antibodies against human HGF
(Otsuka Assay Laboratories, Tokushima, Japan). LDH in BALF
was measured for enzyme activity (Wroblewski–LaDue method).
Tumour markers were measured by radioimmunoassay. Albumin
in BALF was measured by ELISA (Albuwell; Exocell Inc.,
Philadelphia, PA, USA). Data in BALF were corrected by
albumin (each datum was divided by albumin).

Statistical methods
The results are expressed as mean (s.e.) values. Comparisons 
of values between groups were analysed with the Mann–Whitney
U-test. Correlations were evaluated by the Pearson’s correlation
coefficient, and Fisher’s r to Z method was used to calculate the
P-values. A P-value of less than 0·05 is considered significant.

RESULTS

Immunohistochemical staining of MRC5 cells showed that
vimentin as well as a-SMA were clearly stained in the cytoplasm,
confirming that MRC5 cells had characteristics of myofibroblasts
(data not shown).

Western blotting analysis using monoclonal antivimentin
antibodies as well as the patient’s serum against the lysate of
MRC5 cells and recombinant human vimentin is shown in Fig. 1.
Four bands were found in MRC5 cells using the antivimentin
monoclonal antibody; however, only two bands (MW 57 000 and
48 000) were demonstrated in MRC5 cells using the patient’s
serum. Since the patient’s serum reacted strongly with recombi-
nant human vimentin and the molecular weight was the same with
recombinant human vimentin, one band which had a molecular
weight of 57 000 was identified as vimentin.

Western blotting analysis using a patient’s serum against
MRC5 cell line and human recombinant vimentin showed that the
patient’s serum had a stronger reaction when using antihuman
IgG, whereas there were no positive reactions when antihuman
IgA antibodies were used (Fig. 2).

Western blotting analysis using a patient’s serum against
MRC5 cells, human recombinant vimentin and human recombi-
nant vimentin treated with caspase 3 showed that the patient’s
serum reacted with two proteins derived from MRC5 cells. The
positive band, which had a higher molecular weight (approxi-
mately 57 000), corresponded to vimentin. As the molecular
weight was the same with the vimentin fragment; which was
formed from human recombinant vimentin digested by caspase 3,
the other band which had a lower molecular weight (approxi-
mately 48 000) seemed to correspond to the vimentin fragment
(Fig. 3). The patient’s serum also reacted with the new band which
had a molecular weight of 70 000 and formed through the diges-
tion of recombinant human vimentin by caspase 3 (as the mole-
cular weight was larger than vimentin, this protein was assumed
to be a complex of vimentin fragments).

Figure 4 shows standard curves of ELISA which detect antivi-
mentin antibody in the patient’s serum. Using this ELISA, it was
possible to measure the antivimentin antibody in the patients’
serum samples. Mean (± s.e.) levels of antivimentin antibodies in
sera from patients with NSIP (0·33 (0·04), when compared with
the control patient’s serum which was determined to be 1·0) were

Fig. 1. Western blotting analysis using serum from a patient. Lane 1,
mouse antihuman vimentin monoclonal antibody against MRC5; lane 
2, mouse antihuman vimentin monoclonal antibody against human recom-
binant vimentin; lane 3, patient’s serum against MRC5; lane 4, patient’s
serum against human recombinant vimentin. Although only a single band
(arrow *) was detected in vimentin, two bands (arrow * and **) were
demonstrated in MRC5 stained by the serum but four bands were demon-
strated in MRC5 stained by the antivimentin monoclonal antibody.



172 Y. Yang et al.

significantly higher than those of normal volunteers (0·11 (0·01),
P < 0·0001), and patients with IPF (0·17 (0·04), P < 0·001). In addi-
tion, levels of antivimentin antibodies in sera of patients with 
IPF were significantly higher than those of normal volunteers 
(P < 0·002) (Fig. 5).

In patients with NSIP, antivimentin antibody levels in sera 
had a significant positive correlation with serum IgG (R = 0·51, 
P < 0·05), IgG in BALF (R = 0·59, P < 0·05), and %lymphocytes
in BALF (R = 0·52, P < 0·05).

DISCUSSION

In this study, we have shown the antivimentin antibody to be 
one of the IgG antibodies against myofibroblasts (MRC5 cells) in
patients with IPF and NSIP. Measurement of this IgG antibody
by ELISA showed that the level of antivimentin antibodies in
serum from patients with IPF and NSIP were significantly higher
than in normal volunteers.

To date, autoantibodies to different classes of intermediate 
filaments have been detected in various human sera. Some have
been found to be directed against vimentin. Vimentin has also
been shown to be a target for an autoimmune reaction, not only
in bacterial [17], parasitic [18] and viral infections [15], but also
in rheumatic diseases [20–22]. Senecal et al. [19] have reported
that the antivimentin antibody is detected when clinical and sero-
logical characteristics are typical of both systemic lupus erythe-
matosus and progressive systemic sclerosis. Uchida et al. [24] have
reported that the antivimentin antibody was detected in 11 of 
68 patients with RA (16·2%) and in four of 19 patients with
polymyositis/dermatomyositis (21·1%). In RA patients, although
there was no association of this antibody with age, sex, age at
onset or course of the disease, patients with the antivimentin anti-
body show higher frequencies of pulmonary fibrosis. In addition,
Suzuki et al. [25] have reported that 50% of RA patients with the
antivimentin antibody and 83% of PSS patients with this antibody
have lung fibrosis. These results suggest that the antivimentin 
antibody is closely associated with the occurrence of pulmonary
fibrosis.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:169–174

Fig. 2. Western blotting analysis using serum from a patient against lysates
of MRC5 cell lines and human recombinant vimentin incubating in anti-
human IgA (lane 1 and 2) and IgG (lane 3 and 4) antibodies. Lane 1,
MRC5; lane 2, vimentin; lane 3, MRC5; lane 4, vimentin. The patient’s
serum reacted strongly only with antihuman IgG, but did not react with
antihuman IgA.

Fig. 3. Western blotting analysis using the patient’s serum against MRC5
(lane 1), recombinant human vimentin (lane 2), and recombinant human
vimentin mixed with recombinant human caspase 3 (lane 3). The patient’s
serum reacted strongly with the human recombinant vimentin digested by
caspase 3 (arrow *), suggesting that the band was the complex of some
vimentin fragments. The positive band which had a molecular weight just
over 55 kD (arrow **) corresponded to vimentin. The positive band which
had a lower molecular weight (arrow ***) seemed to correspond to the
second band of lane 1 (vimentin fragment).

1:50 1:100 1:200 1:400 1:800 1:1600
0.0

0.5

1.0

1.5

2.0

Dilutions of serum

A
bs

or
ba

nc
e 

at
 4

50
 n

m

Fig. 4. Standard curve of ELISA revealing antivimentin antibody in
patient’s serum. The concentration of recombinant vimentin to coat wells
is 4 µg/ml.
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The significance of the antivimentin antibody in the patho-
genesis of IPF and NSIP should be discussed. In NSIP lung,
vimentin is expressed in fibroblasts and myofibroblasts [6]. Zhang
et al. [26] have reported that the proliferation of human bronchial
myofibroblasts significantly increases after epithelial cell damage.
The unmasking of hidden antigens after cell injury during the
inflammatory process of disease may lead to sensitization and
antibody production [27]. Then, the resulting antibody–antigen
interaction with immune complex formation could have a signifi-
cant role in the perpetuation of the disease processes, either 
by direct injury of fibroblasts, myofibroblasts, or via local
macrophage activation as they are cleared by phagocytosis. In the
present study, levels of antivimentin antibody correlated with
serum IgG, IgG in BALF and %lymphocytes in BALF, suggest-
ing that levels of antivimentin antibody in serum was caused by
local production of the antivimentin antibody in alveoli.

It has been postulated that post-translational modifications
and relocalization of proteins during apoptosis lead to presenta-
tion of these molecules to the immune system in such a way that
normal mechanisms of tolerance are bypassed [28].

Although the initiating events in autoantibody production
remain unknown, there is increasing evidence that apoptotic 
cells may serve as reservoirs of autoantigens [28]. Normal mice
immunized intravenously with syngeneic apoptotic thymocytes
develop low levels of autoantibodies, whereas similar mice im-
munized with non-apoptotic syngeneic splenocytes generally do

not develop autoantibodies [29]. In addition, human keratino-
cytes induced to undergo apoptosis demonstrate clustering of
autoantigens into discreet blebs at the cell surface membrane [30].
Moreover, cultured keratinocytes exposed to ultraviolet B/ultra-
violet A irradiation (a known apoptotic stimulus) demonstrate
enhanced binding of autoantibodies directed against Sm, RNP, Ro
and La to the cell surface membrane [31]. Such evidence 
raises the possibility that apoptotic cells might present self-
antigens to the immune system in a manner that bypasses normal 
mechanisms of tolerance [28].

Furthermore, Gensler et al. have demonstrated that immuni-
zation of normal mice with apoptotic Jurkat cells results in 
the formation of antibodies targeting multiple autoantigens or
autantigen complexes, including Ku, rRNPs, snRNPs and
vimentin [28]. These findings are consistent with the hypothe-
sis that apoptosis can contribute to the development of auto-
immunity.

Although the mechanism of induction of autoantibodies
against vimentin in IPF and NSIP still remains obscure, proteoly-
sis of vimentin might play a role. Prasad et al. [32] have reported
apoptosis-associated proteolysis of vimentin in human prostate
epithelial tumour cells and demonstrated that vimentin is sub-
jected to limited proteolysis in the apoptotic cells as has been
observed with cytokeratin. In addition, intact vimentin and some
of its proteolytic fragments correspond to ubiquitinated poly-
peptides which are formed during the process of apoptosis [33].
In the present study, we characterized not only one protein which
had a molecular weight of 57 000 as vimentin, but also another
antigen; the vimentin fragment produced through the digestion 
of vimentin by caspase 3. Therefore, caspase 3 mediated proteol-
ysis during the process of apoptosis might be the main mechanism
of antibody formation. However, to evaluate the mechanism of
formation of the antivimentin antibody, the specific epitope
detected by the antivimentin antibody in patients’ sera should be
performed. Alcover et al. [34] have reported that antivimentin
antibodies interact preferentially with a specific domain of the
protein, a peptide with a molecular weight of 30 kilodalton 
close to the amino-terminal of the vimentin molecule. Since we
identified several patients who had high titres of the antivimentin
antibody, epitope analysis should be performed in future studies.

In conclusion, our data demonstrate that the antivimentin
antibody was formed in some patients with IPF, idiopathic NSIP
and NSIP associated with polymyositis/dermatomyositis. In addi-
tion, levels of antivimentin antibody in sera increased in patients
with IPF and NSIP. These results suggest that antivimentin anti-
bodies may have played a significant role in the process of lung
injury in pulmonary fibrosis. Therefore, the significance of the
antivimentin antibody in terms of disease severity, stage, progno-
sis and possible response to treatment should be evaluated in
future studies.
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