Mast Cell Basic Fibroblast Growth Factor in Silicosis
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To investigate the role of mast cells (MC) and their fibrogenic
growth factors in silicosis, we performed quantitative immunohis-
tochemistry for MC tryptase and for basic fibroblast growth factor
(bFGF) in lung tissue from silicotic and control subjects. Anti-bFGF
antibody was bound to lung MC, basement membrane, endothe-
lial cells, and smooth-muscle cells. Morphometric analysis revealed
that the volume density (V,) of MC was increased in silicotic lung
and that the V, of bFGF-positive (bFGF') cells was significantly
higher than normal in silicotic lung. Most MC contained bFGF (p =
0.88, p < 0.001). The V, of collagen/reticulin fibers was increased
in silicosis and correlated with the V, of bFGF* cells (p = 0.81, p <
0.001). Immature silicotic nodules contained bFGF* MC through-
out the loose array of collagen/reticulin fibers. In large, mature
nodules, the density of collagen/reticulin fibers was higher, and
bFGF* MC were found only in the nodule periphery. Because of
this circumferential MC alignment in silicotic nodules, we ob-
served a negative correlation between the V, of bFGF* MC and
the density of collagen/reticulin fibers in silicotic nodules (p =
—0.80, p < 0.001) and between the V, of all other nodule-associ-
ated cells and the density of collagen/reticulin fibers in the hypo-
cellular nodule centers (p = —0.84, p < 0.001). We conclude that
MC that produce bFGF may play an important role in the develop-
ment of silicosis.

The chronic inhalation of inorganic dust produces sustained
pulmonary inflammation, resulting in the development of in-
terstitial lung disease (1). Silicosis, caused by the inhalation of
crystalline silica particles, is the most common inorganic dust
disease. Histologically, this disease is characterized by hyalin-
ized and fibrotic nodules, thickening of alveolar interstitium,
and accumulation of inflammatory cells such as alveolar mac-
rophages (AM) and lymphocytes (2). The pathogenesis of sili-
cosis has been related to the accumulation of inflammatory
cells that produce fibrogenic and inflammatory cytokines and
growth factors, including tumor necrosis factor (TNF)-a (3-9),
interleukin (IL)-1 (9, 10), transforming growth factor (TGF)-B
(11, 12), macrophage inflammatory protein (MIP)-1 and MIP-2
(13, 14), platelet derived growth factor, insulinlike growth fac-
tor, and fibroblast growth factor (15, 16). AM are thought to
be key inflammatory cells in silicosis, since they produce most
of these fibrogenic factors in silicotic lung (3-16). The contri-
butions of other immune cells to the pathogenesis of silicosis
have been less well studied.

Recent reports suggest that mast cells (MC) are abundant

(Received in original form December 23, 1998 and in revised form June 14, 1999)

Supported in part by the U.S. Public Health Service, and by grant R29 ES-04843
and General Clinical Research Center Grant MO1 RR-00051 from the National
Institutes of Health.

Correspondence and requests for reprints should be addressed to Lee S. New-
man, M.D., National Jewish Medical and Research Center, Division of Environ-
mental and Occupational Health Sciences, 1400 Jackson Street, Denver, CO
80206.

Am ] Respir Crit Care Med Vol 161. pp 2026-2034, 2000

Internet address: www.atsjournals.org

in human fibrotic lung diseases (17-21) and may contribute to
pulmonary fibrosis (20-22). Increased numbers of lung mast
cells have been reported in animal models of bleomycin-, radi-
ation-, and dust-induced fibrotic lung disease (23-28). Several
studies have shown that MC produce mediators and growth
factors such as tryptase (29), TNF-a (30-32), IL-1, interferon
(IFN)-y (33), and TGF-B (32), which play important roles in
inflammation and fibrogenesis. In particular, basic fibroblast
growth factor (bFGF; FGF-2) is made by human MC. Only
one isoform (17.8 kD) of bFGF was found to be abundant in
MC that accumulated in the fibrotic lungs of patients with id-
iopathic pulmonary fibrosis (IPF), sarcoidosis, and chronic be-
ryllium disease (CBD) (34). Several reports have confirmed
that human and murine MC produce and release bFGF in fi-
brotic diseases (35-37). However, we are aware of only a few
reports of studies showing that MC may be related to the
pathogenesis of silica-induced pulmonary fibrosis in rats and
mice (27, 28). Saffiotti and colleagues found that the number
and the degranulation rate of MC increased markedly in silic-
otic rat lungs as compared with those of controls (27). Further-
more, Suzuki and associates demonstrated that silica-induced
pulmonary inflammation with fibrosis was attenuated in MC-
deficient mice (WBB6F;-W/W") (28). Although they hypothe-
sized that histamine, serotoninlike substances, and several cy-
tokines released from MC might be important inflammatory
products, the pathophysiologic role of MC in silica-induced
lung injury has not been examined. We find no reported ex-
aminations of MC in human subjects with silicosis, although
one previous study described increased levels of histamine in
the blood of silicotic subjects (38).

In conducting the present study we hypothesized that MC
are present in increased numbers in areas of extracellular ma-
trix deposition in silicosis, and that they produce bFGF. To
test this hypothesis, we performed quantitative immunohis-
tochemistry for MC tryptase and bFGF in lung tissue sections
from human subjects with silicosis and from control subjects.
Furthermore, we compared bFGF immunopositive (bFGF™)
cells with collagen/reticulin fibers as a marker of fibrotic se-
verity, and examined the physical location of bFGF* MC in
early and late stages of silicotic nodule formation.

METHODS

Study Population

The study population with silicosis consisted of 14 autopsied individu-
als drawn from a large number of cases of coal worker’s pneumoconi-
osis submitted to the National Coal Workers’ Autopsy Service of the
National Institute for Occupational Safety and Health, Morgantown,
WV . Selection of cases for the study was based on the presence of two
or more of the following criteria: (1) an occupational history of crys-
talline silica exposure in certain job categories; (2) small opacities on
chest radiography with a profusion score of 1/0 or more according to
the International Labour Organization radiographic classification sys-
tem for pneumoconioses (39); and (3) pathologic changes in the lungs
consistent with silicosis (i.e., silicotic nodules).



2027

Lung tissues from 14 control subjects included tissues from eight
autopsied subjects who had noninterstitial lung diseases and from six
lung allograft donors.

Table 1 summarizes the demographic data for all of the study sub-
jects. There was no significant difference in the median age of patients
with silicosis and that of control subjects. All of the coal miners with
silicosis included in the study were white males and never-smokers.
We observed no significant difference between the race and sex distri-
bution and the smoking status of patients with silicosis and those of
control subjects. Table 2 summarizes the occupational histories and
pulmonary silicosis grade (40) of all subjects with silicosis. The mean
duration of silica exposure was 40.5 = 3.8 yr.

Sample Collection

Lung tissue was fixed with 10% buffered formalin and embedded in
paraffin. One paraffin block was used for each subject. Each block
contained one or two specimens obtained at autopsy or lung trans-
plantation. Each block was cut into 2-pwm-thick serial sections and laid
on Superfrost/Plus slides (Fisher Scientific, Pittsburgh, PA). All sam-
ples were stained with hematoxylin and eosin (H&E), Movat’s pen-
tachrome (41), and immunohistochemical methods described subse-
quently.

Immunohistochemical Staining of Tryptase,
CD68, and bFGF

To examine the relationship among MC, macrophages, bFGF, and fi-
brosis, we performed immunohistochemistry with methods using avi-
din-biotin complex (ABC) formation and alkaline phosphatase in a
Vectastain ABC-AP kit (Vector Laboratories, Burlingame, CA) ac-
cording to procedures described previously (34). Monoclonal antihu-
man MC tryptase antibody (1 ng/ml, 1gG;k; Dako, Carpinteria, CA)
and monoclonal antihuman CD68 antibody (3.6 pg/ml, PG-M1,
1gG;k; Dako) were used to identify MC and macrophages, respec-
tively. Bovine bFGF, type 11 (10 pg/ml, 19G;k; nonneutralizing anti-
body) from Upstate Biotechnology (Lake Placid, NY) was used in the
study. This antibody is cross-reactive for bovine, human, rat, and
mouse bFGF (34, 42), but is highly specific for bFGF.

In brief, sections were treated with 1 mg/ml hyaluronidase (Sigma
Chemical Co., St. Louis, MO) at 37° C for 30 min. After blocking
them with 1.5% normal horse serum for 30 min, we incubated the sec-
tions for 60 min with primary antibody at the appropriate dilution in
1.5% normal horse serum. To inhibit nonimmunologic binding of
monoclonal antibody, we acidified both the buffers for dilution of
bFGF and tryptase antibody and the washing solution to pH 6.0, using
2-(N-morpholino) ethanesulfonic acid (Sigma) (43). After washing,
sections were incubated for 30 min at room temperature in biotiny-
lated horse antimouse IgG antibody diluted 200-fold. After being
washed in Tris-buffered saline, tissue sections were incubated in alka-
line phosphatase-conjugated ABC for 30 min. We used Vector Red
(Vector Laboratories) as the substrate for alkaline phosphatase. Le-
vamisole (1.25 mmol/L; Vector Laboratories) was applied to the alka-
line phosphatase substrate. Counterstaining was performed with ei-

TABLE 1
DEMOGRAPHICS OF STUDY SUBIJECTS

Silicosis Control
(n=14) (n=14) p Value
Age, yr* 71 (69, 77) 65 (39, 75) ns.
Race, n (%)
White 14 (100) 12 (85.8) ns.
African American 0 (0) 2(14.2)
Sex, n (%)
Male 14 (100) 11 (78.6) ns.
Female 0 (0) 3(21.4)
Smoking status, n (%)
Ever-smoker 0 (0) 3(21.4) n.s.
Never-smoker 14 (100) 11 (78.6)
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ther hematoxylin or Movat’s pentachrome. With pentachrome staining,
collagen/reticulin appears yellow and elastin appears purple/black. In
some experiments, we performed double immunohistochemistry, for
bFGF and tryptase, using methods previously reported (34).

Morphometric Analysis

We performed quantitative morphometric analysis of all lung histol-
ogy specimens with computer-assisted video microscopy as described
previously (34, 44, 45). This method allows determination of the vol-
ume of each cell type or tissue component of interest relative to the
total volume of lung tissue examined. In brief, to determine the vol-
ume density (V,) of interest (e.g., tryptase-immunopositive cells), we
stored in the computer microscopic images of each histology section.
A grid (42 or 125 points) was superimposed on each image, points of
interest intersecting the grid were counted, and V, for each point was
calculated. To avoid false estimates of the V, of interest because of sil-
ica dust-bound and -blocked tissue, we subtracted the V, of dust parti-
cles from tissues of patients with silicosis. We counted points of in-
terest in 12 random fields in each tissue section, from which we
calculated a mean value for each section. To normalize for potential
artifacts created by compression or expansion of lung specimens dur-
ing fixation, the V,, of each component was corrected for the V, of pa-
renchymal lung tissue measured on H&E-stained sections at a magni-
fication of X100 with a 42-point grid according to the following
formula: Normalized V, = (V, of the component of interest xX100)/V,
of lung tissue.

The V, values of tryptase-positive cells and the V, of bFGF* cells
were calculated by counting the grid points that hit immunopositive
cells (histiocyte-like cells, described subsequently) in the interstitium
and the alveoli at a magnification of X400 with a 125-point grid. The
V, of all immunopositive cells was calculated by summing the V, of
interstitial cells and the V, of alveolar immunopositive cells. To deter-
mine the degree of lung fibrosis, we quantified the V, of collagen/
reticulin fibers and the V, of elastic fibers at a magnification of X400
with a 42-point grid in sections stained with Movat’s pentachrome.
After the random analysis and in order to clarify the pathophysio-
logic roles of bFGF™ cells in the development of silicotic nodules, we
chose 20 nodules (10 mature and 10 immature) and performed quan-
titative morphometric analysis of these nodules at a magnification of
X400 with a 125-point grid. We calculated the V, of bFGF™ cells, the
V, of all other nodule-associated cells, and the V, of collagen/reticu-
lin fibers.

Statistical Analysis

Data for duration of silica exposure are expressed as mean = SD. Dif-
ferences between two groups in race and sex distribution and in smok-

TABLE 2

OCCUPATIONAL HISTORIES AND PULMONARY
SILICOSIS GRADE OF PATIENTS WITH SILICOSIS

Duration of Silica

Patient Age Exposure Pulmonary
No. (yr) Occupation (yr) Silicosis Grade*
1 73 Mechanic 46 2
2 70 Laborer 45 2
3 67 Motorman 40 3
4 73 Motorman 42 3
5 78 Mine Operator 43 3
6 76 Digger 36 3
7 69 Roof Bolter 41 2
8 67 Motorman 38 2
9 70 Foreman 44 3
10 80 Loader 39 2
11 80 Miner 35 3
12 69 Machine Operator 37 2
13 61 Cutter, Loader 45 2
14 72 Mine Operator 36 3

Definition of abbreviation: n.s. = not significant.
*Age data are expressed as median with 25% to 75% interquartile ranges in paren-
theses.

*Determined as previously described (40). Grade 2 corresponds to nodular silicosis
without conglomerate masses. Grade 3 corresponds to nodular silicosis with evidence
of conglomerate masses.
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Figure 1. Immunohistochemistry of tryptase (red) in control subject’s lung (A) and silicosis subject’s lung (B); immature silicotic nodule (C) and ma-
ture silicotic nodule (D). MC immunopositive with antitryptase antibody (arrows) were found circumferentially in the periphery of mature silicotic
nodules, whereas small numbers of MC are seen in the central portion of immature nodules. The margins of the stained MC were irregular, and cy-
tosolic granules were stained. Extracellular matrix, especially around these cells, also stained positively. Original magnifications: X400 (A); X400

(B); X400 (C); X100 (D) (inset x400).

ing status were evaluated with Fisher’s exact probability test. All data
are expressed as medians, with 25% to 75% interquartile ranges re-
ported in parentheses. Wilcoxon’s nonparametric rank-sum proce-
dure for ranked data was used to compare differences between two
groups. For tests of association, we calculated Spearman’s correlation
coefficient (p). Statistical significance was accepted at p < 0.05.

RESULTS

Immunohistochemical Localization and Quantification
of MC in Lung Tissue

Figure 1 illustrates the immunohistochemistry of tryptase. MC
immunopositive for tryptase were found in the interstitium in
almost all cases of silicosis, and infrequently also in control
subjects (Figures 1A and 1B). Furthermore, in patients with
silicosis, MC were aligned circumferentially in the periphery
of large mature silicotic nodules, with few positive cells in the
central portion of the nodules. Small, immature nodules con-
tained small numbers of MC throughout their central portions
(Figures 1C and 1D). As shown in Figure 2, the ratio of the V,
of all MC (tryptase-positive cells) to the V, of lung tissue was
significantly increased in patients with silicosis [1.90 (1.42 to
3.00)] over that of control subjects [0.78 (0.57 to 0.95)] (p <
0.001). Interestingly, in three cases of silicosis, the ratio of the
V, of all mast cells to the V, of lung tissue overlapped with

control values. One of these cases showed very early, mild sili-
cosis with little collagen/reticulin deposition. The other two
cases had advanced silicosis in which the normal lung architec-
ture was completely replaced by dense collagen/reticulin.

o) *

5 4 A | 1

-

> o)

2o

295 3 R

[6]

&) x

)

I 2 2 8

= o %

=< F

5 S

[ 1 1 o

2 Eiy &
0 . —

Control Silicosis

Figure 2. V, of total MC (tryptase-positive cells) in silicosis and control
subjects. Horizontal bars represent medians. *p < 0.001.
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Immunohistochemical Localization of bFGF

Having identified MC in silicosis, we next tested these cells for
the presence of bFGF, on the basis of previous observations
(34). We observed that anti-bFGF antibody became bound to
lung MC, basement membrane, endothelial cells, and smooth-
muscle cells, with no immunostaining of lymphocytes, epithe-
lial cells, or macrophages. The most strongly immunopositive
cells were interstitial MC (Figures 3A and 3B). Antibody to
bFGF reacted with the cytosolic granules of MC. These immu-
nopositive MC were found in the interstitium in almost all
cases of silicosis, and infrequently in control subjects. Further-
more, as with MC in general, these bFGF™ cells were found
circumferentially in the periphery of mature nodules, although
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a few such bFGF™ cells could be found throughout the central
portion of immature silicotic nodules. Double immunohis-
tochemistry showed that MC-specific antitryptase antibody,
and not macrophage-specific anti-CD68 antibody, became
bound to these bFGF* (data not shown). In addition, the ma-
jority (91.5%) of tryptase-positive cells coexpressed bFGF,
and 93.7% of bFGF™ cells were also stained for MC tryptase.
These results were consistent with our previous data in IPF,
sarcoidosis, and CBD (34).

Quantification of bFGF* Cells in Lung Tissue

Figure 4 shows values of the ratio of V, for all bFGF™ cells to
the V, of lung tissue in patients with silicosis and in control
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subjects. The V, of all bFGF™ cells in silicosis [2.37 (1.77 to
2.91)] was significantly greater than that of control subjects
[0.77 (0.65 to 0.86)] (p < 0.001). There was a significant corre-
lation between the ratio of the V, of total bFGF* cells to the
V, of lung tissue and the ratio of the V, of total mast cells to
the V, of lung tissue (p = 0.88, p < 0.001) (Figure 5).

Distribution of Collagen/Reticulin Fibers and
Elastic Fibers

Pentachrome staining showed that collagen/reticulin fibers
dominated the central portion of mature silicotic nodules, the
circumferences of immature nodules, and both vessels and
thickening alveolar walls in patients with silicosis. We ob-
served very few collagen/reticulin fibers in alveolar walls or in
the circumferences of vessels in control subjects. Elastic fibers
were distributed throughout alveolar walls and in the circum-
ferences of vessels both in patients with silicosis and in control
subjects. We found few elastic fibers in the central portion of
silicotic nodules.

Quantification of Collagen/Reticulin Fibers and
Elastic Fibers, and Correlation with bFGF* MC

Figure 6 shows the V, of collagen/reticulin fibers and the V, of
elastic fibers in patients with silicosis and in control subjects.
As expected, the ratio of the V, of collagen/reticulin fibers to
the V, of lung tissue was significantly increased in patients
with silicosis [59.82 (32.86 to 92.48)] as compared with control
subjects [6.85 (5.93 to 8.56)] (p < 0.001). However, the ratio of
the V, of elastic fibers to the V, of lung tissue did not differ in
these two groups [6.86 (4.05 to 10.25) and 7.57 (5.91 to 9.15),
respectively, p = ns]. There was a significant correlation be-
tween the ratio of the V, of collagen/reticulin fibers to the V,
of lung tissue and the ratio of the V, of all bFGF* cells to the
V, of lung tissue in patients with silicosis and control subjects
(p = 0.81; p < 0.001) (Figure 7). However, we observed no as-
sociation between the ratio of the V, of elastic fibers to the V,
of lung tissue or the ratio of the Vv of total bFGF* cells to the
V, of lung tissue (p = 0.10; p = ns).

Association between Collagen/Reticulin Fibers and
bFGF* MC in Silicotic Nodules

To clarify the pathophysiologic role of bFGF* MC in the de-
velopment of granulomatous lesions, we examined the associ-
ation between collagen/reticulin fibers and bFGF* cells. Small,
immature nodules contained a few bFGF* cells scattered

n
L

4

(Vy Total bFGF* Cells/Vy, Lung
Tissue) x 100

0 —
Control Silicosis

Figure 4. V, of total bFGF* cells in silicosis and control subjects. Hori-

zontal bars represent medians. *p < 0.001.
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among the many other cells in a loose collagen/reticulin matrix
in the central portion (Figure 8A). In contrast, large, mature
nodules, composed of more dense collagen/reticulin fibers, had
few cells of any type at their center. bFGF™ MC and other cells
such as fibroblasts, macrophages, and lymphocytes aligned cir-
cumferentially around the dense fibrotic cores of mature nod-
ules (Figure 8B). We observed a significant negative correla-
tion between the V, of bFGF" MC and the V, of collagen/
reticulin fibers in the central portions of silicotic nodules (p =
—0.80; p < 0.001, n = 20). Furthermore, a significant negative
correlation was noted between the V, of all other nodule-asso-
ciated cells and the V, of collagen/reticulin fibers (p = —0.84;
p < 0.001, n = 20).

DISCUSSION

The present study is the first to observe involvement of MC in
human silicosis. These cells appear to be located in areas of ex-
tracellular-matrix deposition in early and late silicotic nodules.
Several reports have suggested that MC may contribute to pul-
monary fibrosis in various types of fibrotic lung disease and in
animal models of fibrosis (20-28). However, we are aware of
only a few reports that MC may be related to the pathogenesis
of silica-induced pulmonary fibrosis in rats and mice (27, 28).
In studies of human silicosis, we find no reports describing MC,
although one previous study found high concentrations of his-
tamine in the blood of patients with this disease (38).

To explore the possible role of MC in silicosis, we tested for
the presence of bFGF in MC, using immunohistochemistry, on
the basis of a previous observation that MC bFGF is abundant
in other fibrotic disorders (34). Our quantitative morphomet-
ric analysis, based on immunohistochemistry, showed that the
V, of bFGF™ cells was significantly greater in patients with sil-
icosis than in control subjects, and that it correlated signifi-
cantly with the V, of tryptase positive MC. Furthermore, our
double immunohistochemical data confirmed that the main
source of bFGF in human silicotic lungs is the interstitial MC.
These findings are consistent with previous reports of MC
bFGF in other forms of pulmonary and skin fibrosis (34-36).

In the present study, we used the V, of collagen/reticulin fi-
bers as a marker of pulmonary fibrosis and of disease severity,
as in previous studies (34, 46). As expected, the quantity of
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Figure 5. Correlation between V, of total bFGF" cells and V, of total
mast cells (p = 0.88; p < 0.001, n = 28).
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Figure 6. (A) V, of collagen/reticulin fibers in silicosis and control sub-
jects. Horizontal bars represent medians. *p < 0.001. (B) V, of elastic fi-
bers in silicosis and control subjects. Horizontal bars represent medians

(p = NS).

collagen/reticulin fibers in patients with silicosis was signifi-
cantly greater than in control subjects. Furthermore, there was
a significant correlation between the V, of collagen/reticulin
fibers and the V, of all bFGF* MC both in patients with silico-
sis and in control subjects. These findings suggest that the
presence of total bFGF* MC correlates with the pathologic se-
verity of pulmonary fibrosis in silicosis, as has been reported
in IPF, sarcoidosis, and CBD (34). Interestingly, we did not
observe an increase in elastin related to silicosis. This may be
explained by the absence of elastin from the central portions
of silicotic nodules. Furthermore, the nodules, by distorting
and destroying alveolar walls, may fragment normal elastin
deposits.

To clarify the pathophysiologic role of bFGF* MC in the de-
velopment of silicotic nodules, we examined both immature and
more hyalinized mature nodules. In general, the cells found in
early, developing silicotic nodules included numerous large
macrophages containing particulate material at the centers of
nodules and smaller macrophages and lymphocytes toward the
periphery, in accord with previous descriptions (2, 47). After fi-
broblast proliferation and extracellular-matrix deposition, silic-
otic nodules become composed of whorled collagen and reticu-
lin centrally, ringed by dust-laden macrophages, fibroblasts, and
lymphocytes. The centers of the nodules become avascular and
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Figure 7. Correlation between V, of collagen/reticulin fibers and V,, of
total bFGF* cells (p = 0.81; p < 0.001, n = 28).

acellular (2, 47). Our studies of MC showed that the central por-
tions of small, immature granulomas also contain small num-
bers of bFGF* MC among many other cells, and loose, dense
collagen/reticulin fibers. In fact, our mildest case of silicosis had
normal numbers of bFGF" MC (Figures 2 and 7). In the cir-
cumference of larger, mature nodules, we found abundant
bFGF* MC among the fibroblasts, macrophages, and lympho-
cytes circumferentially present in the periphery. Interestingly,
in the most fibrotic cases of silicosis, we observed few bFGF*
MC. Lung specimens from these cases were largely composed
of collagen/reticulin, and contained few cells of any type. These
findings, although correlational, suggest that bFGF" MC may
interact with proliferating fibroblasts in silicosis, and that these
fibroblasts may in turn induce collagen deposition in a pattern
that extends from the centers of nodules outward. Knowing that
bFGF induces fibroblast proliferation (48), we speculate that
bFGF is produced and released by MC, and that it may act in
concert with macrophage-derived factors such as TGF-3 in pro-
moting silicotic nodule formation (11, 12). For example, bFGF
may be most important in promoting fibroblast and smooth-
muscle cell proliferation, whereas other growth factors, such as
TGF-B, trigger collagen production.

In both chronic and acute pulmonary inflammation, bFGF*
MC may help direct cell proliferation. For example, Liebler
and colleagues recently demonstrated that MC produce bFGF
in the rat bleomycin-induced model of pulmonary fibrosis, with
the number of bFGF* MC rising in rat lungs 14 d after bleomy-
cin inhalation (37). Additionally, Suzuki and colleagues re-
ported that MC had already infiltrated the lungs of mice at 14 d
after the tracheal instillation of silica particles (28). These data
are consistent with our observation of bFGF* MC in immature
silicotic nodules in humans, and suggest that MC may appear
early in the course of lung injury. It should be noted that al-
though our study subjects with silicosis were coal miners, their
pathology was typical of silicotic nodules, not coal macules.

An interesting parallel can be seen between the MC found
in silicotic nodules and those found in granulomatous lung dis-
eases (34). In both conditions, MC containing bFGF align cir-
cumferentially in the rim of lesions, around granulomas and
around silicotic nodules. Several studies have shown that
bFGF plays an important role in the development of granula-
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tion tissue (49, 50). Thus, we hypothesize that bFGF may help
modulate the process by which the body tries to contain for-
eign particles, such as silica, in addition to limiting the cellular
immune response to inhaled antigens, such as beryllium. Fu-
ture studies will be needed to examine the interaction of
bFGF produced by MC with other fibrosis-regulatory growth
factors, and to explain the role of MC bFGF in the pathogene-
sis of silica-induced pulmonary fibrosis.

Other mediators produced by MC may also be important in
the fibrogenic response. It has been shown that both histamine
and tryptase stimulate fibroblast proliferation (51, 29), and that
several proinflammatory factors, such as TNF-a, IL-1, IFN-y, and
TGF-B can be produced by MC (30-33). However, the patho-
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Figure 8. Immunohistochem-
istry of bFGF and pentachrome
staining of nodular lesions in
silicosis. (A) bFGF* cells (ar-
rows) are found in the central
portion of immature nodules,
along with many other inflam-
matory cells and with a loose
matrix of collagen/reticulin fi-
bers (yellow). Original magnifi-
cation: X400. (B) bFGF" cells
(arrows) are found circumferen-
tially in the periphery of mature
silicotic nodules, with dense col-
lagen/reticulin fibers in the central
portion. Original magnification:
X100 (inset X400).

physiologic role of other MC mediators and cytokines in silica-in-
duced lung injury has not been examined. Future studies will be
required to explore the importance of other mediators and cytok-
ines released from MC in the development of human and experi-
mental silicosis, and the relative importance of MC bFGF.
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