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ABSTRACT: The aim of this study was to investigate whether idiopathic pulmonary
fibrosis (IPF) can be distinguished from rheumatoid arthritis (RA)-associated interstitial pneumonia (RA-IP) by means of quantitatively assessing myofibroblasts and S100 protein positive dendritic cells.
Seven patients with IPF and twelve with RA, in whom the pathological findings
were consistent with usual interstitial pneumonia (UIP) were studied. Antibodies to
vimentin, a-smooth muscle actin (a-SMA) and S-100 protein were used for immunohistochemical studies performed using the streptavidin/biotin/peroxidase complex
method, applied to dewaxed sections from each case.
In fibrosis of RA-IP, appearance of both vimentin- and a-SMA-positive cells,
namely myofibroblasts, was widely observed, together with the pathological patterns
of honeycombing, UIP and bronchiolitis obliterans-organizing pneumonia (BOOP).
Fibrosis, in cases of chronic IPF, was found to be characterized mainly by vimentinpositive but a-SMA-negative fibroblasts. Pulmonary tissues from RA-IP patients
especially when associated with a BOOP pattern, contained many cells positive for S100 protein. However, such cells were generally hard to find in cases of IPF.
These findings suggests that idiopathic pulmonary fibrosis and rheumatoid arthritis-associated interstitial pneumonia can be differentiated from each other, to some
extent, based on the appearance of myofibroblasts and the presence of S-100-positive
dendritic cells.
Eur Respir J 1999; 14: 579±584.

Idiopathic pulmonary fibrosis (IPF) takes an aggressive course that begins with alveolitis and progresses to
interstitial fibrosis [1]. In terms of pathology, this disease corresponds to usual interstitial pneumonia (UIP)
[2±4]. The histological profile of rheumatoid arthritis
(RA)-associated interstitial pneumonia (RA-IP) consists
of various pathological findings, including UIP, bronchiolitis obliterans-organizing pneumonia (BOOP), lymphoid
hyperplasia, diffuse alveolar damage, cellular interstitial
pneumonia, and eosinophilic pneumonia [5]. However,
the pathological features of both IPF and RA-IP are
mostly those of UIP, and interstitial pneumonia of IPF and
RA has been suggested to be the same pathological entity.
Therefore decisive distinction between these two conditions is usually difficult.
Recently, classification of cryptogenic organizing pneumonia (COP) into type I and type II, according to differences in both degree of myofibrosis and nature of Masson
bodies, was advocated and it was reported that type I, in
particular, responds very well to steroids [6]. Therefore,
the fibroblast of interstitial pneumonia may exhibit different patterns of positivity for antibodies to vimentin, asmooth muscle actin (a-SMA) and desmin.
S-100 protein was discovered in bovine brain by
MOORE [7] in 1965, and subsequently shown also to be
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distributed widely in various human tissues. Human
lymphoreticular tissues, Langerhans' cells of the skin,
interdigitating cells of lymph nodes and some suppressor/
cytotoxic T cells are positive for S-100 protein [8, 9]. In
addition, the presence of S-100 protein-positive dendritic
cells (S-100 DC) has been also reported in various kinds
of carcinoma, including lung, in relation to the patients'
prognosis [10]. These observations hence suggest that S100 DCs might be detected in pulmonary lesions, especially related to autoimmunity or an abnormal immune
surveillance system including collagen vascular diseases.
The aim of this study, was to determine whether pulmonary lesions in IPF and RA-IP are different with regard to the pathological features of myofibrosis and the
number and distribution of S-100 DCs by immunohistochemical staining.
Material and methods
The subjects were seven patients with IPF and 12 patients with RA-IP, in whom pathological evidence of UIP
or its pattern, respectively, was obtained by open lung
biopsy or autopsy (table 1). The 12 RA patients selected
for the study fulfilled the criteria for "classical" or
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Table 1. ± Clinical features of patients with idiopathic pulmonary fibrosis (IPF) and rheumatoid arthritis (RA)
Patient*
No.
1+
2+
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Age
yrs

Sex

Smoker

Diagnostic
technique

LDH
IU.L-1

Pa,O2
mmHg

VC
% pred

74
74
74
73
61
76
62
89
76
64
64
84
56
59
75
68
70
57
67

M
M
M
M
M
M
M
M
M
F
M
F
F
F
M
M
M
M
M

+
+
+
+
+
+
+
+
+
+
+
+

A
A
OLB
OLB
OLB
A
OLB
OLB
A
A
OLB
A
OLB
OLB
A
A
OLB
OLB
OLB

631
1156
381
253
424
433
695
591
808
715
471
346
320
462
309
447
318
471

38.5
56.6
91.9
78.9
54.0
59.9
71.9
47.7
61.9
57.9
41.1
59.3
76.5
60.0
70.8
83.6
73.5
82.5

93.3
84.9
72.6
96.3
104
65.8
79.6
71.7
93.6
73.9

*: patients 1±7 had IPF and patients 8±19 RA; +: acute exacerbation. LDH: lactate dehydrogenase; Pa,O2: arterial oxygen tension; VC:
vital capacity; M: male; F: female; A: autopsy; OLB: open lung biopsy; +: smoker; -: nonsmoker.

"definite" RA. All of the autopsy cases had died owing to
interstitial pneumonia with no evidence of bronchopneumonia or cardiac or other diseases.
The lung biopsy specimens were fixed in 10% neutral
buffered formalin solution, cut into slices, embedded in
paraffin and sectioned at 5 mm for histological evaluation
and immunchistochemical staining. Immunohistological
staining was performed using the streptavidin/biotin/peroxidase complex method using anti-vimentin, anti-desmin
and anti-S-100 protein (Dakopatts, Glostrup, Denmark),
and a-SMA (BioMaker, Rehovot, Israel) [6]. As to the characterization of these antisera, all antibodies gave positive
staining in normal tissues as expected, and other primary
antibodies expected to give negative results did so. As reported previously, it was established that myofibroblasts
are vimentin-positive, a-SMA-positive and desmin-negative, and that fibroblasts are only vimentin-positive, but
a-SMA- and desmin-negative. In the present study, only
a-SMA-positive myofibroblasts were investigated. Up to
three representative sections were selected from each case,
and the pathological findings were divided into honeycomb, UIP and BOOP patterns for precise evaluation.
Although quantitative assessment of the distribution of
myofibroblasts and the number of S-100 protein-positive
cells is difficult, each case was evaluated according to a
5-point scale: 4: many myofibroblastic foci or S-100
DCs; 3: small numbers of myofibroblastic foci or S-100
DCs; 2: some myofibroblastic foci or S-100 DCs in parts;
1: only focal myofibroblastic foci or few S-100 DCs; and
0: no myofibroblastic foci or S-100 DCs. Peripheral
nerves, which were positive with anti-S-100 protein, and
smooth muscle cells and perivascular areas (perivascular
smooth muscle cells and pericytes) which were positive
for a-SMA, were excluded from the evaluation.
Results
Table 2 shows the results concerning a-SMA-positive
myofibroblasts in both IPF and RA-IP. In patients with

chronic stage IPF, myofibroblasts were not usually observed (fig. 1), although they occasionally appeared in
cases of acute exacerbation. In patients with RA-IP,
myofibroblasts were observed in areas featuring honeycomb and BOOP patterns, and various foci of fibrosis
were seen in all cases (fig. 2), and were particularly notable in areas of fibrin-deposition revealing a BOOP pattern (fig. 3). Statistical differences were detected between
chronic IPF and RA-IP in the appearance of the myofibroblasts (p<0.001 student's t-test).
Table 2. ± Distribution of myofibroblasts positive for asmooth muscle actin antibody in idiopathic pulmonary
fibrosis (IPF) and rheumatoid arthritis (RA)
Patient*
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Pathological pattern
Honeycomb

UIP

BOOP

3
3
0
3
0
0
3
3
3
1
3
3
4
3
2

3
4
0
1
0
0
1
3
3
3
3
3
3
3
3
3
3
1
2

4
4
3
4
4
-

*: patients 1±7 had IPF and patients 8±19 RA. UIP: usual
interstitial pneumonia; BOOP: bronchiolitis obliterans-organizing pneumonia. 4: many positive foci; 3: some positive foci; 2:
positive foci in parts; 1: only focally positive foci; 0: absent.
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Fig. 1. ± Fibrotic focus from patient 5 with usual interstitial pneumonia
(a; haematoxylin and eosin stain) showing a positive reaction for aSMA actin antibody in small bundles of smooth muscle cells and perivascular areas (perivascular smooth muscle cells and pericytes) (b; streptavidin/biotin/peroxidase complex method). (Internal scale bars=110 mm.)

The distribution of S-100 DCs in both IPF and RA-IP
are shown in table 3. Few S-100 DCs were observed in
areas of honeycombing and UIP in all cases of IPF (fig.
4). Those cells observed were small and had few
cytoplasmic projections. In patients with RA-IP, on the
other hand, a large numbers of S-100 DCs were observed,
especially in areas characterized by BOOP (fig. 5a), some
of which were detected within Masson bodies, and also
tended to be present in UIP and honeycomb patterns. One
of the RA-IP cases did not show S-100 DCs. This may be
due to the mild pathological changes, including fibrosis,
which characterized this case. The S-100 DCs in RA-IP
were large and irregular in form with long projections,
and morphologically more diverse than in those cases in
which they were observed in IPF. Their nuclei were also
often positive with S-100 protein antibody. The appearance of S-100 DCs very often occurred in the areas, where
aggregated lymphocytes or lymph follicle-like structures
were present (fig. 5b). Statistical differences here detected
between chronic IPF and RA-IP groups with regard to the
presence of S-100 DCs (p<0.05 Student's t-test). No
relationship was detected between smoking history and the
presence of S-100 DCs.
Discussion
The prognosis in IPF is poor [1]. T cells, B cells,
alveolar macrophages and proliferating type II alveolar
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Fig. 2. ± Fibrotic focus from patient 12 with rheumatoid arthritisassociated interstitial pneumonia (a; haematoxylin and eosin stain) demononstrating irregularly-arranged spindle myofibroblasts (b; streptavidin/
biotin/peroxidase complex method), which are positive for a-smooth
muscle actin antibody, in addition to perivascular smooth muscle cells and/
or pericytes. (Internal scale bars=110 mm.)

epithelial cells are considered to play roles in the progression from chronic inflammation to pulmonary fibrosis [3,
11, 12], although the mechanisms by which they do so are
still controversial. In this process, fibroblasts are affected
by many growth factors, and activated fibroblasts produce collagen [11, 12]. In RA-IP, immunological mechanisms are considered to be involved, as also speculated in
IPF. Therefore, whether or not IPF and RA-IP are the
same pathological entity remains unresolved. It has been
previously reported that there are two organizing processes in COP [6]. In this study, therefore, fibroblasts
were evaluated in interstitial pneumonia of IPF and RAIP by means of immunological staining with both vimentin and a-SMA antibodies.
The myofibroblast, a cell having ultrastructural features intermediate in form to those of fibroblasts and
smooth muscle cells, was first described in granulation
tissue [13]. Myofibroblasts vary in the types of contractile
and intermediate filaments they express. They have been
suggested to play a role in wound contraction and in the
retractile phenomena observed during fibrotic diseases
[14, 15]. SKALLI et al. [16] identified four types of fibroblast/myofibroblast which express: only vimentin (a cells);
vimentin, a-SMA and desmin (b cells); vimentin and aSMA (c cells); and vimentin and desmin (d cells). It has
been reported that many myofibroblasts in both the
Masson bodies of BOOP and the fibroblastic foci of UIP
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Table 3. ± Distribution of cells positive for S-100 protein
in idiopathic pulmonary fibrosis (IPF) and rheumatoid
arthritis (RA)
Patient*
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Pathological pattern
Honeycomb

UIP

BOOP

1
0
0
0
0
0
3
3
1
1
4
4
1
1
3

0
1
0
0
0
0
1
4
3
3
4
1
4
3
0
0
3
0
3

4
4
3
4
3
-

*: patients 1±7 had IPF and patients 8±19 RA. UIP: usual
interstitial pneumonia; BOOP: bronchiolitis obliterans-organizing pneumonia. 4: many positive cells; 3: small numbers of
positive cells; 2: positive cells in parts; 1: only focally positive
cells; 0: absent.
Fig. 3. ± Intraluminal fibrosis from patient 8 with with rheumatoid
arthritis-associated interstitial pneumonia revealing myofibroblastic cell
proliferation positive for a-smooth muscle actin: a) haematoxylin and
eosin stain; and b) streptavidin/biotin/peroxidase complex method. (Internal scale bars=55 mm.)

are of the c type [17]. Although a-SMA-positive cells are
present in IPF [18, 19], especially in acute exacerbation
induced by unknown factors, as presented in this study,
the present findings demonstrate that myofibroblasts are
not observed in the chronic stages of IPF. Therefore, it
might be suggested that myofibroblasts are involved early
on and that the character of the myofibroblasts detected in
IPF reflects its different stages. This suggests that active
contraction of myofibroblasts plays a role in the remodelling of the lung in pulmonary fibrosis. Fibrosis in RAIP, on the other hand, is characterized by the appearance
of myofibroblasts, in contrast to that in the chronic stage
of IPF.
Little is known about the aetiology or pathogenesis of
interstitial pneumonia. Alveolar macrophages produce mediators that are capable of stimulating inflammatory and
reparative processes. Many of these are chemotactic factors
and certain cytokines, termed fibrotic cytokines, directly
trigger the proliferation of fibroblasts and/or stimulate the
production of connective tissue. Transforming growth factor (TGF) is one of the well-documented fibrotic cytokines
[20]. BROEKELMANN et al. [21] reported the expression of
TGF-b messenger ribonucleic acid (mRNA) in alveolar
macrophages and in the foci containing the activated
fibroblasts. As regards myofibroblasts, it was reported
that subcutaneous administration of TGF-b1 to rats resulted in the formation of a granulation tissue, in which
a-SMA-expressing myofibroblasts were particularly ab-

undant [22], and that TGF-b can stimulate collagen production by fibroblasts [15, 23]. These results suggest that
fibrosis in RA-IP may also be a result of myofibroblast
proliferation induced by TGF-b. However, whether myofibroblasts observed in RA-IP and in acute exacerbation
of IPF are the same or not must be further evaluated more
precisely by using methods other than the present ones.
Although the mechanism of myofibroblast proliferation
remains to be clarified, the pathological profile of interstitial pneumonia does not appear to be identical in IPF
and RA-IP.
Although both S-100 DCs and Langerhans' cells are
positive for S-100 protein, they are different cell types.
Langerhans' cells are usually present only in squamous
epithelia, but S-100 DCs are detected in the dermis and

Fig. 4. ± Small simplified S-100 dendritic cell from patient 6 with usual
interstitial pneumonia. (Streptavidin/biotin/peroxidase complex method;
internal scale bar=30 mm.)
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nic idiopathic pulmonary fibrosis and rheumatoid arthritisassociated interstitial pneumonia. In the authors' opinion,
the most important issue in interstitial pneumonia is to
redefine the pathological characteristics and to establish a
more advanced classification of UIP to be consistent in
clinical diagnosis. It is possible to classify usual interstitial
pneumonia in more detail according to differences in the
nature of the proliferating cells, the types of infiltrating cell
and the organizational character in the alveolar cavity, as
performed in this study. Such classification is considered to
be important for the future elucidation of the cause and
pathological profile of interstitial pneumonia.
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