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Abstract
Background - Silica-induced pulmonary
inflammation and fibrosis in animals pro-
vides a good model for chronic pulmonary
inflammation and fibrosis. Although lym-
phocytes are implicated in the pathogen-
esis of pulmonary fibrosis, experimental
models using silica-treated athymic nude
mice have not been successful in showing
the fibrogenic mechanism regulated by T
cells. The aim of this study was to
re-evaluate the role of T lymphocytes in
the development of silicosis by comparing
the response to silica administration of
nude athymic mutants with that of eu-
thymic animals.
Methods - Suspensions of silica particles
were transnasally administered to nude
athymic mice (BalbIc nu/nu) as well as to
their euthymic littermates (Balb/c nu/+).
The degree of pulmonary inflammation
and fibrosis was assessed on days 14, 28,
and 56 based upon histological observa-
tion, analysis of collagen deposition in the
lungs, and analysis of the cellular con-
stituent, protein, and phospholipid con-
tent in the bronchoalveolar lavage fluid.
Results - Histologically, athymic mice
developed less severe interstitial pneumo-
nitis than euthymic mice. In euthymic
mice the lung hydroxyproline content
increased with time after silica adminis-
tration from 6.48 (0.38) gg hydroxy-
proline/mg dry lung weight on day 0 to
8.87 (0.41) ftg/mg on day 56. A gradual
increase in lung hydroxyproline content
was also observed in athymic mice but the
increase was significantly smaller than in
euthymic mice (6.63 (0.43) pg/mg on day 0,
7.90 (0.19) tg/mg on day 56). Administra-
tion of silica resulted in an increase in the
number of macrophages and neutrophils
and in the total protein and phospholipid
content of the bronchoalveolar lavage
(BAL) fluid in both mouse strains. No sig-
nificant difference was detected between
athymic and euthymic mice in the num-
bers of macrophages, but the increase in
neutrophils in the BAL fluid of athymic
mice was significantly smaller than in
euthymic mice on days 14 and 56. The
total protein and phospholipid content of
the BAL fluid from athymic mice was
lower than that from euthymic mice.
Conclusions - T lymphocytes appear to be
involved in the pathogenesis of silica-
induced pneumonitis. Since pulmonary
fibrosis develops even in nude athymic
mice, T cells do not seem to play a

primary part in the fibrogenic response
but they regulate, at least to some extent,
the response of inflammatory cells and
fibrogenesis of the lung.
(Thorax 1996j51:1036-1042)

Keywords: athymic mice, T lymphocytes, silicosis, pul-
monary fibrosis.

The cellular mechanisms in the development
of pulmonary fibrosis have been extensively
studied but are poorly elucidated. Many inves-
tigators suggest that lymphocytes, especially T
lymphocytes, play an important part in the
response to fibrogenetic stimuli.' 2 The ability
of T cells to modulate fibroblast proliferation
has been established in vitro.34 Many animal
models have been employed to analyse the
pathogenesis of fibrosis in vivo, and nude
athymic mice have been generally used to
clarify the role of T cells. In bleomycin-
induced pulmonary fibrosis, nude mice have
reduced collagen deposition in the lung.5 The
involvement of T lymphocytes in interstitial
pneumonitis induced by pepleomycin6 and by
trehalose7 has also been reported in athymic
nude mice.

Experimental silicosis in animals is another
good and well documented model for the study
of the mechanisms of chronic pulmonary
inflammation and fibrosis.8 Activated macro-
phages and cytokines released from them are
widely accepted as primary factors in the
pathogenesis of silicosis.8-12 However, histologi-
cal assessments of the pulmonary interstitium
and analyses of bronchoalveolar lavage (BAL)
fluid in silica-treated animals have suggested
that lymphocytes are also activated in silico-
sis,'3 and that their interaction with activated
macrophages may be important in the control
mechanism of chronic pulmonary inflamma-
tion and the fibrogenic response.'4 16 Nonethe-
less, the involvement of T lymphocytes in
silica-induced pulmonary fibrosis has not been
clearly elucidated in nude athymic mice.'7
Hubbard reported that neither T cells nor the
cells they influence affect the amount of colla-
gen deposition elicited by silica.'8

Regulation of the fibrotic response in the air-
ways by T cells has recently been reported.'8 20
Interactions between lymphocytes and macro-
phages have been well established,2' 23 and
regulation of cytokine production in macro-
phages by products from activated T cells is
widely reported.24 We have therefore re-
evaluated the role of T lymphocytes in the
development of silicosis by comparing the
response to silica administration of nude
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athymic mutants (Balb/c nu/nu) with that of
euthymic littermates (Balb/c nu/+). The de-
gree of pulmonary inflammation and fibrosis
was assessed by histological examination and
chemical analysis of collagen deposition. The
degree of pulmonary inflammation was also
assessed by measuring the protein and phos-
pholipid content of the BAL fluid, since many
investigators have reported that a significant
increase in the protein and phospholipid
content of the BAL fluid is a characteristic
response to the administration of silica.27.29 Our
results suggest that T lymphocytes regulate
silica-induced pulmonary inflammation and
fibrosis although they do not play a pivotal part
in the pathogenesis of the disease.

Methods
ANIMALS
Athymic nude mice (Balb/c nu/nu) and their
euthymic littermates (Balb/c nu/+) were pur-
chased from Shizuoka Laboratory Animal
Center (Shizuoka, Japan). All animals were five
week old males. They were kept in sterile,
filter-capped cages and fed with sterile food
and water in a specific pathogen-free room

designed for nude mice at the Division of Ani-
mal Research, Faculty of Medicine, University
of Tokyo.

ADMINISTRATION OF SILICA
Silica suspension was administered to mice
according to the method used in our previous
study30 with a slight modification. Briefly, silica
particles (Wako Chemical Drugs, Tokyo,
Japan) were suspended in physiological saline
and ultrasonicated prior to use. The suspen-
sion was transnasally administered to each
mouse (1.5 mg/g body weight) under anaesthe-
sia with ether on days 0 and 1. Control mice
were administered saline on the same days. On
days 14, 28, and 56 the animals were anaesthe-
tised, peritoneally injected with heparin, and
sacrificed by cutting the abdominal aorta. The
mice were divided into three groups: one for
histological examination, one for lung hydroxy-
proline assay, and another for BAL fluid analy-
sis. The number of mice in each group was 5-7
for each experimental day.

HISTOLOGICAL EXAMINATION
The lungs were fixed in 10% formalin under
constant pressure (10 cm H20) overnight.
Sample sections were taken from the largest
lung plane and stained with haematoxylin and
eosin. Lung lesions were examined under an

optical microscope with magnification from
1 Ox to 400x. The following modification of the
method used by Rossi and colleagues3' 32 was
employed to score the lesions: 0, no inflamma-
tory cell infiltration nor alveolar thickening; 1,
sporadic, minute foci of inflammatory cell
infiltration and alveolar thickening (presence of
lesions involving less than 10% of the lung); 2,
mild interstitial inflammation (lesions involv-
ing 10% to 30% of the lung); 3, considerable
interstitial inflammation and/or occasional
presence of silicotic nodules (lesions involving
30% to 50% of the lung); 4, diffuse, severe

interstitial pneumonitis with scattered silicotic

nodules (lesions involving more than 50% of
the lung). The extent of the lesions was evalu-
ated by two independent examiners who were
blinded to the experimental group.

LUNG INDICES
In order to quantify the pulmonary inflamma-
tion responses further, we calculated lung indi-
ces by the method described by Allen and co-
workers:3334
Lung index =
(lung weight/body weight)animalIn question

(lung weight/body weight) control animal

Our previous studies have shown that the lung
indices correlate with the histological scores in
the murine hypersensitivity pneumonitis
model.35

HYDROXYPROLINE ASSAY
The removed lung was washed in physiological
saline and freeze dried at -50°C. The dried
whole lung was hydrolysed in 6N HCI at
11 0°C for 18 hours. The solution was neutral-
ised with NaOH and centrifuged atlOOOg for
10 minutes. The hydroxyproline content of
each sample was determined using the assay of
Woessner36 and the mean value of the tripli-
cates was employed. Since athymic mice are
smaller in body weight than euthymic mice of
the same age, the increase in hydroxyproline
content of the whole lung relative to body
weight was calculated as a lung hydroxyproline
index defined as follows, based upon a lung
index:
Lung hydroxyproline index =
(lung hydroxyproline content/body weight)animal in question

(lung hydroxyproline content/body weight)control animal

A lung index of > 1.0 means that there is an
increase in lung hydroxyproline content rela-
tive to body weight.

ANALYSIS OF BAL FLUID
In order to assess pulmonary inflammation, the
constituents of the BAL fluid were also
analysed.37 Bronchoalveolar lavage was re-
peated by injecting 0.6 ml physiological saline
intratracheally until 5 ml ofBAL fluid was col-
lected from each mouse. Cells in the BAL fluid
were collected by centrifuging at 400g for 10
minutes and resuspended in 1 ml of calcium-
and magnesium-free Hank's balanced salt
solution (GIBCO). A portion of the cell
suspension was stained with trypan blue for
total cell counting. After collecting cells onto a
glass slide in a cytocentrifuge (Shandon South-
ern Products, Cheshire, UK) the cell differen-
tials were analysed by staining with Diff-Quick
(HARLECO, Philadelphia, Pennsylvania,
USA). For each smear 500 cells were analysed
morphologically. The total protein content of
the cell-free BAL fluid supernatant was meas-
ured using BCA Protein Assay kit (PIERCE,
Rockford, Illinois, USA). Each sample was
analysed in triplicate and the mean value was
used as the BAL fluid protein content of each
mouse expressed as ig protein/ml BAL fluid.

Lipids in the cell-free BAL fluid were
extracted with chloroform and methanol after
freeze drying.38 The phospholipid content of
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the extracted lipids was determined by the
microphosphorus method of Rouser et al'9 and
the mean value of the triplicate samples was
used as the phospholipid content of the BAL
fluid of each mouse expressed as nmol
phosphate residues/ml BAL fluid.

STATISTICAL ANALYSIS
The data are expressed as mean (SE) values.
Statistical analyses included one-way analysis
of variance and Student's t test of unpaired
data. To analyse the difference in the histologi-
cal scores among different experimental
groups a non-parametric test (Kruskal-Wallis)
was used because the data are not normally
distributed. Differences between means were
regarded as significant when p < 0.05.

Results
PULMONARY LESIONS
Figure 1 demonstrates the pulmonary lesions
induced by silica in normal (A and B) and
nude (C and D) athymic mice on day 56.
Interstitial pneumonitis developed in both
strains but athymic mutants had milder lesions.
Thickening of alveolar septa and formation of
granulomas was considerable and widespread
in the lungs of silica-treated euthymic mice. In
athymic mice alveolar thickening was generally
mild and granulomas were small and sparsely
scattered, although severe lesions were ob-
served locally in the lungs of some animals.
The cells infiltrating into the granulomas were
mostly mononuclear in both strains. The
degree of the lesions showed considerable vari-
ability from mouse to mouse, being almost
fully developed by day 14 in some and only
mild in others. On average, the pathological
findings on days 14 and 28 in silica-treated
mice were similar to those on day 56. Lungs
from nu/+ and nu/nu mice administered with
saline (control) showed almost no abnormali-
ties (not shown).
A summary of the pathological findings,

quantified as histological scores, is shown in fig
2A. Before administration of silica (day 0) no
significant difference was observed between

euthymic and athymic animals. Administration
of silica resulted in a significant increase in the
histological scores compared with untreated
mice (p < 0.01, Kruskal-Wallis rank sum test)
in both euthymic and athymic mice, with the
mean score in athymic mice being significantly
smaller than that in euthymic mice (p < 0.05)
on all days investigated. Scores in silica-treated
euthymic mice showed a slight trend to
increase with time after silica administration,
but the differences in the mean scores and
variance among different days were not statisti-
cally significant. Analysis of lung indices
showed increases in silica-treated mice which
corresponded with the histological scores (fig
2B). The increase was always greater in
euthymic nu/+ mice than in athymic nu/nu
mice, and the difference between the two
strains was statistically significant (p < 0.05)
on all days investigated after silica treatment.
Saline induced no significant changes in histo-
logical scores and lung indices in either
euthymic or athymic mice (data not shown).
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Figure I Interstitial pneumonitis induced by silica in (A) and (B) lungsfrom euthymic
mice (nul+) and (C) and (D) lungs from athymic mice (nulnu). Stain: haematoxylin and
eosin. Magnification: x40 (A and C), xl 00 (B and D).
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Figure 2 (A) Histological scores and (B) lung indices of
euthymic and athymic mice. Data are presented as mean
(SE) of 5-12 animals. Values on day 0 correspond to
untreated mice. Data from control mice (treated with
saline) on days 14, 28, and 56 are not shown as no
significant changes from untreated mice were investigated.
*p < 0. 05 compared with euthymic mice.
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Table 1 Mean (SE) hydoxyproline content per dry lung
weight (/iglmg). Control mice are treated with saline. Values
on day 0 correspond to the mice before salinelsilica
treatment

nul+ nulnu

Day 0 6.48 (0.38) (n=5) 6.63 (0.43) (n=5)
Day 14

Control 6.40 (0.45) (n=7) 6.57 (0.41) (n=5)
Silica 6.17 (0.40) (n=5) 7.01 (0.38) (n=6)

Day 28
Control 7.04 (0.33) (n=7) 6.86 (0.50) (n=5)
Silica 6.78 (0.52) (n=7) 7.42 (0.46) (n=5)

Day 56
Control 7.00 (0.35) (n=6) 6.98 (0.38) (n=5)
Silica 8.87 (0.41)t (n=5) 7.90 (0.19)* (n=6)

t p < 0.01 compared with control mice on the same
experiment day.
* p < 0.05 compared with nu/+ mice on the same experiment
day.

PHYDROXYPROLINE CONCENTRATION
The hydroxyproline content of the whole lung
from euthymic mice showed a steady and
significant increase after treatment with silica
(fig 3A). Although an increase in the hydroxy-
proline content of the lung was also observed
in athymic mice, it was significantly smaller
than in euthymic mice. The difference between
euthymic and athymic mice became greater as
time passed after administration of silica. On
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day 56 the lungs from euthymic mice showed
more than 1.5 times the hydroxyproline
content of lungs from athymic mice. The
hydroxyproline content of the lungs from
saline-treated mice increased with age, possibly
reflecting the growth of mice.

Since euthymic and athymic mice differ in
body weight, lung hydroxyproline indices -
which represent the hydroxyproline content in
the lung relative to body weight - were evalu-
ated and were also found to increase after the
administration of silica (fig 3B), the increase
being significantly smaller in athymic mice
than in euthymic mice. This indicates that the
difference in the increase in lung hydroxypro-
line content between athymic and euthymic
mice cannot be ascribed to the difference in
body weight.
We also evaluated the hydroxyproline con-

tent per dry lung weight (table 1). On day 56 a
significant increase in this index was observed
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Figure 3 (A) Whole lung hydroxyproline content after
administration of silica suspension or saline (control) and
(B) hydroxyproline content in the lung correctedfor
difference in body weight. Values on day 0 correspond to
untreated mice. Data are presented as mean (SE) of 5-9
animals. *p < 0.05, **p < 0.01, ***p < 0.001
compared with euthymic mice.

0 14 28 42 56

Days
Figure 4 Changes in the numbers of (A) macrophages
and (B) neutrophils in the BALfluid. Values on day 0
correspond to untreated mice. Data are presented as mean
(SE) of5-9 animals. **p < 0. 01 compared with euthymic
mice.
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Figure 5 Changes in total protein coi
BAL fluid after administration of silic,
(control). Data are presented as mean
animals. Values on day 0 correspond ta
*p < 0.05, **p < 0.01, ***p < 0.0
euthymic mice.
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Figure 6 Changes in phospholipid co;
BAL fluid after admini'stration of silicc
(control). Data are presented as mean
ani'mals. Values on day 0 correspond to
*p < 0.05, **p < 0.01 compared wit

in silica-treated euthymic mic(
control mice (p < 0.01). Lu
athymic mice administered si'
an increase, but the differen
animals was not statistically
0.06). The average hydroxypr(
lung weight in silica-treated al
significantly smaller than that
euthymic mice (p < 0.05). On
however, we could not detect,
ences between athymic and eui
between silica-treated and sali

MARKERS OF LUNG INFLAMMATI,
Silica administration induce
increase in the number of nr
neutrophils in the BAL fluid,
and athymic mice (fig 4). Thei
cant difference in the number

between the two strains. Athymic mice showed
a smaller increase in the number of neutrophils
in the BAL fluid than euthymic mice on days
14 and 56, but on day 28 the difference was not
significant.

+ The degree of pulmonary inflammation was
** also assessed by analysing the protein content

of the BAL fluid. As shown in fig 5, the protein
content of the BAL fluid from silica-treated
mice increased, with a significant attenuation
of the increase in athymic mice compared with
euthymic mice. The attenuation was most
obvious on day 28. On day 56 the protein con-
tent of the BAL fluid from silica-treated nu/+
mice remained at a similar level to that on day
28, while that from nu/nu mice showed a
significant increase (p < 0.05).

Since an increase in the phospholipid
content of the BAL fluid is characteristic of

42 56 silica-treated animals, we also compared the
phospholipid content in the BAL fluid from

ntent of the cell-free euthymic and athymic mice (fig 6) and found it
a suspension or saline to be increased in silica-treated euthymic mice.
(SE) of 5-9 Athymic mutation significantly declined the

o untreated mice. increase, although a gradual increase was also
'01 compared with obsred inathymic mice.observed in athymic mice.

Discussion
In this study we have investigated the role of T
lymphocytes in silica-induced pulmonary in-
flammation and fibrosis by comparing nude
athymic and euthymic mice. Histological ob-

* servations and assessment of lung indices
showed that nude athymic mutation protects
against silica-induced pulmonary inflamma-
tion, suggesting the involvement of T lym-

* phocytes in the pathogenesis of silicosis.
Analyses of BAL fluid further confirmed the
modulation of pulmonary inflammation by T
lymphocytes since the increase in the protein
and phospholipid content of the BAL fluid, a
change characteristic of silicosis, was signifi-
cantly smaller in athymic mice.

42 56 Collagen deposition in the lung, evaluated as
42 56 the hydroxyproline content of the whole

lung,'7 18 was significantly reduced in nu/nu
ntent of the cell-free mice. However, this observation does not sim-
a suspension or saline ply indicate that athymic mutants are more

untreated mice. resistant to pulmonary fibrosis than euthymic
th euthymic mice. mice because athymic animals are smaller in

body size (and, accordingly, in lung size) than
e compared with euthymic animals. In order to eliminate the
ings from nude effect of differences in the body weight and to
lica also showed evaluate the difference in lung collagen deposi-
ce from control tion more correctly, we have introduced a lung
significant (p = hydroxyproline index (lung hydroxyproline
oline content/dry content relative to body weight) following a
thymic mice was lung index.33 The indices increased gradually
of silica-treated after administration of silica, and nu/nu mice

l days 14 and 28, showed a significantly smaller increase than
significant differ- nu/+ mice. We therefore conclude that lung
Lthymic mice, nor collagen deposition is reduced in athymic
ine-treated mice. animals regardless of body weight, and that the

mechanism of fibrogenesis in the lung is regu-
[ON lated by T cells.
-da significant We have also examined the hydroxyproline
nacrophages and content per dry lung weight of the animals as
both in euthymic an index of collagen deposition independent of
re was no signifi- lung size (table 1). Administration of silica
r of macrophages caused a definite increase in this parameter on
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day 56, and the lungs of nu/nu mice were more
resistant than those of nu/+ mice. This
confirms that athymic mutants protect against
pulmonary fibrosis elicited by silica, especially
in the chronic phase. On the other hand, in
earlier phases of silicosis (days 14 and 28) no
statistically significant differences in this index
were observed between silica-treated and con-
trol mice, and in nu/+ mice there was even a
tendency to a decrease. This result may be due
to the fact that on day 14 there is a
considerable increase in lung weight following
silica administration which remains more or
less constant on days 28 and 56 (fig 2B). This
increase in lung weight may be brought about
by invasion of inflammatory cells into the
interstitium and by the abnormal proliferation
of epithelial cells, and the contribution of
fibroblast proliferation to the lung weight may
not be dominant in the early days after admin-
istration of silica. We therefore propose that a
lung hydroxyproline index is a more reasonable
index for comparing lung collagen deposition
between animals of different sizes.

Since the lungs from silica-treated athymic
mice developed milder but significant inflam-
mation and collagen deposition, T lympho-
cytes do not seem to play a primary part in sili-
cosis. Many investigators have suggested that
activated macrophages and mediators secreted
by them are essential for silica-induced fibro-
sis. I1 40 41 T lymphocytes may modulate the
pathogenic process by modulating macrophage
immigration to the lung and/or by changing
macrophage function.'429 42 In our experiments
no significant difference in the number of mac-
rophages in the BAL fluid was observed
between athymic mutant and euthymic ani-
mals. Similar results have been reported by
other investigators.'8 Hence, it seems unlikely
that T lymphocytes modulate the migration of
macrophages to alveolar spaces. On the other
hand, since smaller and fewer granulomas were
observed in athymic mice, T lymphocytes may
modulate immigration of macrophages/
monocytes into the alveolar septa where fibro-
genesis develops. Immigration and retention of
activated macrophages in the interstitium may
play a key part in pulmonary fibrosis.
Many in vitro experiments have suggested

that there is a mutual regulatory mechanism of
proliferation and activation between macro-
phages and T cells, and that T lymphocytes
modulate the secretory function of macro-
phages. Various cytokines produced by macro-

phages and/or T lymphocytes, such as IL-1,
IFNy, TNFoc, PDGFO, have been proposed as
key factors in pulmonary inflammation and
fibrosis. Although we have not evaluated these
mediators, our results seem consistent with the
putative mechanisms in which T lymphocytes
regulate silica-induced pulmonary fibrosis by
mutually interacting with macrophages.

Neutrophils may also participate in the
pathogenesis of fibrosis,8 4 and T lymphocytes
may modulate neutrophil function and migra-
tion. In our experiments significantly milder
BAL fluid neutrophilia was seen in athymic
mice than in euthymic mice, except on day 28.
This suggests a mechanism of neutrophil

migration regulated by T cells, although the
details are unknown at present. It is well docu-
mented that activated alveolar macrophages
release neutrophil chemotactic factors includ-
ing IL-8.44 Increased expression of the IL-8
gene by alveolar macrophages in idiopathic
pulmonary fibrosis has been reported.45 Since
T lymphocytes may modulate macrophage
functions in silicosis, they may regulate neu-
trophil migration indirectly by controlling
cytokine production in macrophages.
We have previously shown that mast cells are

involved in the pathogenesis of silicosis."0 T
cells can regulate the maturation and prolifera-
tion of mast cells via production of IL-3 and
other cytokines. The possibility exists that mast
cells are not fully activated in nude athymic
mice and hence the development of the disease
is suppressed. However, both in athymic and
euthymic mice the numbers of mast cells in the
lung parenchyma and the histamine content
per lung weight showed a similar increase after
silica treatment (data not shown), so mast cell
suppression in nude athymic mice - although
possible -may not be a primary factor in
reducing collagen deposition in silicosis.
Hubbard used the same strains of mice as

ours (Balb nu/nu and nu/+) and reported that
neither T cells nor the cells they influence
affected the amount of collagen deposition
elicited by silica. 18 These results seem to
conflict with ours; however, there are some dif-
ferences in the experimental conditions be-
tween Hubbard's study and ours which may
have led to the discrepancy in the results. In
Hubbard's experiments a fixed amount of silica
was administered to both nu/nu and nu/+ mice
regardless of the difference in animal size.
Since nu/nu mice are considerably smaller in
body weight than nu/+ mice, administration of
the same amount of silica to both strains might
be an overdose for athymic nude mice.
Extreme activation of macrophages by an over-
dose of silica may cause the pathogenic process
to get out of lymphocyte control, resulting in
surplus fibrosis. In addition, Hubbard com-
pared only the whole lung hydroxyproline con-
tent and made no mention of the hydroxypro-
line content relative to body weight or lung
weight. If athymic mice had a similar content of
hydroxyproline in the whole lung it would indi-
cate that they had developed more collagen
deposition relative to body and lung weight
and that the absence of T lymphocytes
augmented silica-induced pulmonary fibrosis.
We consider that our methods of administering
silica (a fixed dose/body weight) and evaluating
the degree of pulmonary fibrosis are more fea-
sible for comparing animals of different sizes.

Other factors - for example, age - may have
resulted in differences in the response of mice
to silica. The mice used in our study were five
week old males while those used by Hubbard
were 8-12 week old males. The method of
administration may also have made a differ-
ence; we administered silica transnasally while
Hubbard administered it transtracheally. How-
ever, we consider our method of administration
to be more physiological for an inhalation dis-
ease model and less aggressive to animals.
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Allowing for the differences in methodology,
the discrepancies between Hubbard's study
and ours suggest that the regulation of pulmo-
nary fibrosis by T cells is not simple and is
affected by many factors.

In conclusion, nude athymic mice were
shown to protect against silica-induced pulmo-
nary inflammation and fibrosis. These results
suggest that T lymphocytes control the cellular
interactions that lead to a fibrogenetic respon-se
of the lung and that agents which suppress T
cell function may be useful in the treatment of
pulmonary fibrosis. However, T cells do not
seem to exercise primary control in the patho-
genesis of silicosis because reduced but definite
collagen deposition was observed in the lungs
of athymic mutants. The details of the cellular
interactions and cytokines involved require
further investigations.
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