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Epidemiological evaluation of release of monocyte
TNF-a as an exposure and effect marker in
pneumonoconiosis: a five year follow up study of
coal workers

Roel P F Schins, Paul J A Borm

Abstract
Objectives-To determine (a) repro-

ducibility with previous cross sectional
findings, and (b) the predictive value of
initial release oftumour necrosis factor-a
(TNF-a) towards later progression of
coalworkers' pneumoconiosis (CWP).
Methods-Release of monocyte TNF-a
after in vitro stimulation with coal mine
dust, silica, and endotoxin was measured
in 104 retired miners and was related to
stage of CWP (chest radiograph) and
cumulative exposure. A subgroup of 46
miners was screened by high resolution
computed tomography (HRCT). Pros-
pective analysis of TNF-a (40 out of 104
miners involved in the previous TNF-a
study) was done by relating initial TNF-a
to five year progression of CWP mea-

sured by comparison of paired chest
radiographs.
Results-As observed previously, dust
stimulated release of TNF-a was

increased in miners, especially in the
early stages of pneumoconiosis. Cumu-
lative exposure was related to pneumoco-
niotic stage but not to release of TNF-a.
This excluded TNF-a as an exposure

marker. Initial concentrations (1987) of
TNF-a were related to later progression
of CWP. Miners who showed abnormally
high dust stimulated release of TNF-a
had an increased risk of progression in
CWP (relative risk 8.1).
Conclusions-These results show (a) the
significant involvement of TNF-a in
pneumoconiosis in humans induced by
coal dust and (b) that this routine test
possibly constitutes a powerful tool to
estimate individual prognosis ofpneumo-
coniotic disease, even after the end of
occupational exposure.
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Pulmonary fibrosis should be looked upon as

a pathological process dependent upon many
cell types, in which alveolar macrophages,
lung epithelium, fibroblasts, type II cells,
polymorphonuclear leucocytes, and many
other cells are involved.' 2 These cells are

known to produce various factors (reactive
oxygen species, cytokines, enzymes, etc) that
are thought to be crucial mediators of the
hallmarks of pulmonary fibrosis: excessive
fibroblast proliferation and collagen deposi-
tion.2 3 Mediators that have been put forward,
mostly from animal studies, are: platelet
derived growth factor-fl (PDGF-I), tumour
necrosis factor-a (TNF-a), Interleukin-lf and
Interleukin-6 (IL-lifl, IL-6), and prosta-
glandin-E, (PGE,) in asbestosis,45 or TNF-a,
IL-1, and the macrophage inflammatory pro-
teins la and 2 (MIP-la, MIP-2) in silicosis.69
The potential of many of these cell mediators
as markers of exposure, disease susceptibility,
or effects has been raised many times, but
studies on the relations between exposure,
disease, and cytokine release in occupationally
or environmentally exposed subjects are
scarce.

In 1987 several case-control studies among
coal miners were performed in our laboratory
to look for a marker to explain disease among
exposed miners with and without coal
workers' pneumoconiosis (CWP), The serum
concentration of procollagen type III peptide
(PIIIP) was measured to assess fibrotic activ-
ity v pneumoconiotic stage.10 Another study
focused on the relation between CWP and
antioxidant expression.11 The in vitro secre-
tion of TNF-a by peripheral blood mono-
cytes"2 of healthy miners and miners with coal
miners' pneumoconiosis,"2 matched on age
and underground working years, showed that
the release of TNF-a in monocytes could be
stimulated in vitro by coal mine dust, and that
(healthy) coal miners had a higher release of
monocyte TNF-a upon in vitro stimulation
than did controls who were not exposed to
dust. Moreover, a decreasing trend in release
of TNF-a was seen along with the clinical
progression of CWP possibly as a positive
feedback mechanism to prevent concentration
of fibrosis, and in healthy miners (0/0) and
miners with early stages of CWP (0/1) a large
variation in the TNF-a released was found.
We then suggested that people who showed
values largely exceeding the normal range of
the controls who were not exposed to dust,
were at risk of development of CWP and con-
cluded that "definitive proof for the role of
mononuclear phagocyte-derived TNF in the
pathogenesis of CWP and other fibrotic lung
diseases has to originate from laboratory ani-
mal studies and prospective epidemiological
surveys among those at risk".'2 Several years
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ago, Piguet and coworkers showed the crucial
role of TNF-a in fibrosis induced by silica
with a mouse in vivo model. Since then other
studies have firmly established the importance
ofTNF-a in lung fibrosis induced by silica.78 13
Also in vitro studies have emphasised the
involvement of TNF-a in the complex
cytokine network of lung tissue.1 5 1415 Lasalle
and coworkers reported an increased sponta-
neous release of TNF-a by alveolar
macrophages of active healthy coal miners
and miners with CWP compared with con-
trols.'6 The importance of these findings for
the prevention of lung fibrosis induced by
mineral dust remains an open question. In
1992 all miners involved in our cross sectional
studies were recruited for a five year follow up
to investigate whether our previous cross sec-
tional findings on release ofTNF-a in subjects
exposed to dust and disease stage of CWP
could be validated, and to determine the
relative risk of development of CWP for coal
miners who showed high in vitro release of
TNF-a.

Methods
STUDY GROUP
Miners (n = 156, fig 1) from the Belgian coal
mining industry "Kempense Steenkoolmijnen"
involved in previous studies in 19871012 were
asked to participate in the follow up study that
included a chest radiograph, several lung
function tests, medical and exposure history,
and the blood variables TNF-a, PHIP, and
red blood cell antioxidant enzymes. Chest
radiographs taken in 1987 and in 1992 were
scored according to the International Labour
Office (ILO) classification rules'7 by an exper-
ienced panel of three physicians. A subgroup
of 46 miners was screened by high resolution
computed tomography (HRCT) by invited
participation. Percentages of cases and con-
trol miners in the HRCT subgroup (13 v 23)
were equal to those of the large cohort (28
and 76), and none of the variables; age,

TNF-cx measured 1992"rK.=, __ l-- ___ -11 n= 104
LJ TNF-a not-measuredI

TNF-a follow up

Figure Construcon of thefollow up study of retired coal miners previously (1987)
involved in cross sectional studies on the role of TNF-a (n = 66) or antioxidants (n = 90)
in coal workers pneumoconiosis. Data interpretation is done either by comparison of the
TNF-a follow up group (n = 40) (longitudinal analysis) or of the total 1992 cohort
(n = 104) with the TNF-a group in 1987 (n = 66) (cross sectional analysis). Chest
radiographs were taken for all miners in 1987 (n = 156), andfor all miners involved in
1992 (n = 104), allowing 104 paired chest radiograph comparisons (determination offive
year progression ofCWP). From the 1992 cohort (n = 104), 46 miners were screened by
high resolution computed tomography by invited participation.

smoking habits, or exposure in the subgroup
were different from the large cohort (n =
104). A control group of 44 age matched men
participated in the study on a voluntary basis.
Exclusion criteria for the controls not exposed
to dust were: working for more than one year
in an occupational setting with chronic dust
exposure (mining, cement works, ceramic
industry, bakery, etc) and one or more of:
asthma, (chronic) bronchitis, and other
chronic diseases of lung, liver, and kidney.
Based on these criteria, 29 controls were
included in the statistical analysis.

TNF-a ASSAY
Release of monocyte TNF-a was measured as
described previously.'2 Briefly, blood (3 x 10 ml)
was sampled and left overnight in tubes with
EDTA at room temperature. White blood
cells were isolated by buoyant density cen-
trifugation (Lymphoprep-Nycomed), adjusted
to concentrations of 0-5 x 107 cells/ml, and
seeded (05 ml) to tissue culture dishes
(Costar TC-24) to allow adherence (repetitive
incubation, agitation, and washing). Adherent
monocytes were stimulated with coalmine
dust (5 mg/ml), silica particles (0 5 mg/ml),
or Escherichia coli 011 1B4 LPS endotoxin (3
and 1000 ng/ml). Silica and endotoxin were
obtained from Sigma (St Louis, USA); the
coal mine dust (sampled from a coal pit) was
obtained from the same batch as used
previously.'2 Each person's baseline release of
TNF-a was measured without addition of any
in vitro stimulant. After 18 hours of incuba-
tion (370C, CO2) the cell free supernatants
were stored at - 30'C until analysis by a sand-
wich ELISA specific for TNF-a as described
previously.'2 18

QUESTIONNAIRE
An extensive questionnaire was sent to all par-
ticipants in which medical complaints, med-
ical history, smoking habits, and medication
were asked for. Answers were all verified dur-
ing personal interviews at the time of medical
screening and by comparison with question-
naires from the data records of our preceding
studies. Amount of smoking was expressed as:
packets of cigarettes/week x years (pack-
years) smoked. One packet was considered to
consist of 25 cigarettes; the smoking of one
cigar to be equivalent to three cigarettes; and
50 g (pipe) tobacco to be equivalent to 75 cig-
arettes. Furthermore all subjects were subdi-
vided into current, former, and never
smokers.

Subjects were classified for medication and
medical history based on the presence or
absence of any medication during three weeks
before blood sampling. Disease was deter-
mined in two ways; the presence or absence of
any medical complaint for at least three days,
and of specific disease of the lung, kidney,
liver, or any other chronic disease for at least
three years before blood sampling.

EXPOSURE
Much emphasis was put on a good estimation
of exposure and several variables were used:

1987
n = 156
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(a) time worked underground, (b) time since
first occupational exposure, (c) time since last
occupational exposure, (d) cumulative expo-
sure to respirable coal dust and quartz.

Years exposed, first exposure, and last exposure
Years exposed, time since first exposure, and
time elapsed since last occupational exposure
were determined from the medical file and a
personal interview at follow up. Exposure
years were determined from the complete job
history obtained from each subject and
defined as the total number of years in which a
subject worked underground in a coal mine.
Long term absenteeism-for example, for dis-
ease or through special leave-as well as
interim job changes were taken into account.
Years since first exposure were defined as the
interval between the year in which a miner
started working underground and the time of
our study. Time from last exposure was the
interval between retirement and our follow up
in months.

Calculation of cumulative dust exposure
Occupation history, gathered from the med-
ical file and verified by a personal interview,
was used to calculate exposure for all periods
worked at and out of the coalfaces. The
cumulative dust exposure was calculated by
summation of the products of the yearly mean
dust concentrations for the colliery where the
miner was appointed with the average time
worked underground during that year.
The formula was:

n

Ex = ; (C; . TJ (gh/m3) (1)
1= 1

where Ex = cumulative dust exposure (gh/m3)
of miner x; CQ = mean dust concentration
(g/m3) in year i; Tx = time worked under-
ground (h) by miner x; n = years of employ-
ment.

The resulting individual exposure is expressed
in gh/m3 of sampled air. The yearly mean dust
concentrations (C) were derived from dust
measurements regularly made to check com-
pliance with exposure limits in every coal face
of the colliery. Since 1965 these measure-
ments have been carried out with a STASER
sampler (jointly developed by a Belgian manu-
facturer and the Dutch State Mines) at fixed
points, 15 m from the face line, in the return
end gate. The concentrations before 1965
have been estimated on the basis of prelimi-
nary studies carried out in preparation for the
implementation of dust regulations. The total
dust concentrations have been converted into
"respirable" dust concentrations by the for-
mula:

rd = 1 1 Vtd (gh/m3) (2)
where rd = respirable dust concentration
(g/m3); td = total dust concentration (g/m3), as
measured.

This empirical relation (equation 2) was
derived from experimental side by side instru-
ment comparisons conducted in 1984-5 with

the French CPM3 instrument and the
STASER sampler under various mining con-
ditions in the Belgian coal mines (144 paired
measurements). The time worked under-
ground was estimated for each subject assum-
ing that on average 1000 hours a year were
worked underground: six hours at work a shift
(allowance being made for travelling time)
x 220 shifts a year x (100-25)/100 (where
25% is taken as the rate of absenteeism). The
exposure outside the coal face was estimated
on the basis of professional judgement of the
"dustiness" of the occupation and the knowl-
edge of normal respirable dust levels in that
job (non-mechanised and mechanised head-
ings, stone drivages, etc). The cumulative
quartz exposure (mgh/m3) has been esti-
mated, based on the average quartz content of
Belgian coal faces (5%) and stone drivage
dust (10%).

RADIOGRAPHY
Protocol and classification
Chest radiographs (46 x 46 cm) were taken
posterior to anterior at maximal inspiration
(1-5 m distance, 70 kV) and scored according
to the ILO criteria.'7 Scoring was done in ple-
nary sessions where consensus had to be
reached based on individual scores. The read-
ing panel consisted of three occupational
physicians of whom two were seeing more
than 3000 chest radiographs a year, and one is
a trained reader but had not been active as
such for the past three years. Two readers in
our follow up study had been involved with
the original study. Standard ILO chest radio-
graphs were used as reference to classification.
Based on the ILO scores the cohort was sub-
divided into five groups: ILO classification 0/0
(group 0), class 0/1 (group 1), classes 1/0, 1/1,
and 1/2 (group 2), classes 2/1, 2/2, and 2/3
(group 3), classes 3/2 and 3/3 (group 4), and
finally 3/+ and subjects with progressive mas-
sive fibrosis (group 5). Furthermore miners
were grouped as either "healthy coal workers"
with ILO classification of 0/0 (group 0 only)
or as miners with evidence for CWP with ILO
classification of > 0/1 (groups 1 to 5). Five
year changes in pneumoconiosis were deter-
mined by comparison of each man's chest
radiographs of 1987 and 1992. All radio-
graphs were scored in a randomised blind
reading session, as well as in pairs; the paired
scoring session was used as definitive evidence
of progression as this direct comparison
allows the best validation of TNF-a as a
marker of five year changes in pneumoconio-
Sis.

High resolution computed tomography
The HRCT scans were made (Somaton plus,
Siemens, Erlangen, Germany) and visually
scored by two radiologists as described else-
where'9 in a subgroup of 46 miners. Briefly,
four HRCT slices, two in the upper lobes (3
and 5 cm above the carina) and two in the
lower lobes (3 and 5 cm below the carina)
were obtained at full inspiration in a supine
position, and scored independently by two
thoracic radiologists without knowledge of
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clinical findings. Each slice was visually
assessed for the presence of non-calcified
parenchymal opacities with almost the same
basic principles as the ILO system for grading
pulmonary disease on chest radiographs. The
profusion score was converted to a linear scale
that ranged from zero to 10 as follows: 0/0 =
0, 0/1 = 1, 1/0 = 2, 1/1 = 3, 1/2 = 4, 2/1 = 5,
2/2 = 6, 2/3 = 7, 3/2 = 8, 3/3 = 9 and 3/+ =
10.'920 The score of the eight lung fields was
summed up and a total score was calculated.
The mean score of both observers (correlation
0-86, P < 0001) was calculated for the pur-
pose of this study. Our attention was mainly
focused on the relation between TNF-a and
HRCT lesions in a group of 35 miners with-
out the classic diagnostic evidence of CWP
(ILO < 0/1).

DATA EVALUATION AND STATISTICAL ANALYSIS
Figure 1 shows the composition of the study
group. Exploratory analysis was performed on
the 1992 cross sectional data, to study the
confounding effects of age, smoking, medica-
tion, and variables of exposure. Repro-
ducibility with cross sectional data of 1987
was then evaluated by unpaired statistical
analysis of data obtained in 198712 v data
obtained in 1992 and by cross sectional analy-
sis of 1992 data as previously described for
the 1987 cross sectional data.'2 Longitudinal
study analysis was performed by paired
statistical analysis of 1987 and 1992 data and
predictive values of variables of 1987
(prospective analysis) or 1992 (retrospective
analysis) were related to five year changes in
radiological severity of CWP.

Correlations between release of TNF-a and
exposure, age, and smoking were evaluated by
multiple linear regression. Differences
between miners with or without CWP and
non-exposed controls, and effects of medica-
tion, medical history, and smoking were
tested by the Kruskall Wallis test. Trend
between pneumoconiotic stage (chest radio-
graphs, HRCT) and TNF-a, exposure, or
other variables was analysed by Spearman's
rank correlation. For this purpose, profusion
scores were converted to a scale from 0 to 11
for chest radiograph classification and 0 to 80
for HRCT as already indicated. Positive pre-

Table 1 Group characteristics of the study cohort in 1992 (n = 133)

Controls not Controls healthy Miners
exposed to dust miners with CWPR
(n =29) (n = 76) (n = 28)

Age (y) 50-3 (1 0)* 47-7 (0 6) 49 9 (1 1)Smoking (pack-y) 115 (20) 111 (12) 150 (24)
Smoking (yes/no) 16/13 28/48 14/14
Smoking (ever/never) 22/7 62/14 23/5
Medication (yes/no) 8/21 20/56 7/21
Cumulative exposure:

dust (gh/mrn) 91-1 (6 4) 130-9 (9 3)**
quartz (mgh/m') - 4798 (306) 6751 (461)**

Time underground (y) - 22-2 (0 4) 25-0 (0.9)**Time since first exposure (y) - 28-9 (0 6) 30 7 (1 0)
Time retired (months) - 46-3 (2-1) 53 9 (2-1)

*P < 0 05; **P < 0-01 (Mann-Whitney).
Values are mean (SEM).
tProportion of smokers/former smokers/never smokers in the ILD profusion categories was:
4/2/1 (0/1); 1/2/2 (1/0, 1/1, 1/2); 3/2/2 (2/1, 2/2, 2/3); 4/2/0 (3/2, 3/3); and 2/1/0 (3/+,
progressive massive fibrosis).

dictive value of five year changes in chest radi-
ograph, sensitivity, and specificity of initial
release of TNF-a were determined. The rela-
tive risk of progression of CWP based on
1987 TNF-a data was determined with a cut
off point of 2 SDs above the mean release of
TNF-a measured in the non-exposed control
group of 198712; similarly, the odds ratio (OR)
of cumulative dust exposure with progression
of CWP was determined retrospectively, with
the mean cumulative exposure of the 1992
cohort as a cut off point. Also, to determine
the significance of our findings at various cut
off points, receiver operating characteristic
(ROC) curves were calculated.2' 22 Statistical
evaluations were made with version 6-0 of
STATGRAPHICS (Manugistics, Rockville,
MD).

Results
ANALYSIS OF EXPLORATORY DATA
Age, smoking, medication, and exposure
Table 1 shows group characteristics of the
total study cohort of 1992. The average age of
the control group not exposed to dust was sig-
nificantly higher than the control miners. No
correlation was found between age and release
of TNF-a in any of the groups (table 2).
Smoking habits did not differ among the three
groups (table 1), but the release of monocyte
TNF-a upon stimulation with coal dust was

significantly inversely related to pack-years in
miners (n = 104, table 2). The dust stimu-
lated release of TNF-a was significantly lower
in ever smokers (1-68 ng/ml, n = 61) v never
smokers (2-90 ng/ml, n = 15) (ANOVA, P <
0-01) but not significantly different between
active smokers (n = 27) and non-smokers
(n = 49). Furthermore, smoking was related
to release of TNF-a upon stimulation with
coal dust and low concentration of endotoxin
(3 ng/ml) in miners without CWP, and to
high concentration of endotoxin (1000 ng/ml)
in the controls not exposed to dust. In the
controls exposed to dust the average release of
TNF-a upon stimulation with 1000 ng/ml of
endotoxin was significantly different for active
smokers (1-63 ng/ml, n = 16) v non-smokers
(3-16 ng/ml, n = 13), and for (ever) smokers
(1-85 ng/ml, n = 22) v never smokers (3-76
ng/ml, n = 7; ANOVA, P < 0-05). Differences
in release of TNF-ca with respect to medica-
tion were not found in any group.

Miners with CWP had significantly higher
cumulative exposure and underground work-
ing years than the control miners (table 1).
No significant relation was found between any
of the exposure variables and release ofTNF-a
(table 2).

REPRODUCIBILITY OF CROSS SECTIONAL DATA
Reproducibility of TNF-a data
Figure 2 shows the release of monocyte
TNF-a for both cross sectional studies in
1987 and 1992, for the controls not exposed
to dust, the control miners, and miners with
pneumoconiosis. Unpaired t tests of all min-
ers involved in the original study and in the
entire follow up group showed that both the
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Table 2 Linear correlations between TNF-a and exposure, age, and smoking

Release of TNF-a by stimulation with

ILO Endotoxin Endotoxin Coal mine dust Silica
classification n Spontaneous 3 nglml 1000 ng/ml 5 mg/ml 0 5 mg/ml

Cumulative dust (gh/mr):
0/0 (76) 0 01 0-17 0-02 0 00 0 10
> 0/1 (28) -0-28 -0 10 -0-02 -0 20 - 0-06
Total (104) -0-06 0-08 0 01 -0-04 0-03

Cumulative quartz (mgh/m3):
0/0 (76) 0-03 0-19 0-02 0-05 0 11
> 0/1 (28) -0 33 -0-05 0-06 -0-23 -0 10
Total (104) -0-06 0 11 0-03 -0 02 0-03

Time underground (y):
0/0 (76) -0-05 0-12 -0-03 -0-02 0 00
> 0/1 (28) 0-05 0-16 0 30 0 10 0-16
Total (104) -0-04 0-12 0-08 0-02 0 05

Time since first exposure (y):
0/0 (76) -0-22 0.01 -0-06 -0-17 -0-18
> 0/1 (28) 0-08 -0 01 016 -0-02 0 00
Total (104) -0-15 0 00 0 01 -0-12 -0 10

Age (y):
0/0 (76) -0-02 0.11 -0-05 0.00 0-07
> 0/1 (28) 0 05 0-14 0 09 0 16 0-29
Total (104) 0 05 0 07 -0 03 0 03 0-05
Controlt (29) 0-13 -0 09 0 07 0 09 -0-20

Smoking (pack-y):
0/0 (76) 0-16 -0-24* -0-12 -0-27* -0-14
> 0/1 (28) -0-04 000 003 -027 -007
Total (104) 0-09 -0-16 -0 07 -0-26** -0 11
Controlt (29) -0-15 -0-25 -0-46* -0-20 -0 09

r = correlation coefficient significant at *P = 0-05 or **P = 001.
t Not exposed to dust.

spontaneous release of TNF-a and the release
of TNF-a upon stimulation with a low con-
centration of endotoxin (3 ng/ml) in 1992
(n = 104) were both significantly lower than
in 1987 (n = 66); conversely, release of TNF-
a stimulated by coal mine dust was signifi-
cantly higher in 1992 than in the 1987 study
(P < 0 05). Spontaneous release of TNF-a
and release of TNF-a upon stimulation with a
low concentration of endotoxin were signifi-

cantly reduced in the healthy coal miners of
1992 (n = 76) v 1987 (n = 39) as well as in
the miners with CWP of 1992 (n = 28) v
1987 (n = 27). On the other hand, stimula-
tion with coal mine dust released significantly
higher concentrations ofTNF-a in the healthy
miners of 1992 v 1987, but not in the miners
with CWP of 1992 v 1987. Release of TNF-a
upon dust stimulation was also significantly
increased in the controls not exposed to dust

Figure 2 Mean release of
TNF-a from blood
monocytes in 1987 and
1992. Data were obtained
from 12 and 29 (1987 v
1992) control subjects not
exposed to dust, from 39
and 76 control miners
exposed to dust andfrom
27 and 28 miners exposed
to dust who had coal
workers' pneumoconiosis.
All values are means
(SEM) and are expressed
in ng/ml. Testingfor
significance was with the
Mann-Whitney U test; the
asterisks indicate
significant differences
between 1987 and 1992
data.
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in 1992 (n = 29) v the control group of 1987
(n = 12). Other (unpaired) differences were
not found.

Despite these differences in absolute values
between the studies, the 1992 cross sectional
comparison of release of TNF-a between con-
trols not exposed to dust, control miners, and
miners with CWP confirmed our previous
findings (fig 2). Again, release of TNF-a in
the controls not exposed to dust was signifi-
cantly lower than in the control miners upon
stimulation with a high concentration of
endotoxin (1000 ng/ml) and stimulation with
silica. At present also release of TNF-a in the
controls not exposed to dust was significantly
lower than in the control miners and miners
with CWP upon stimulation with coal mine
dust (Mann-Whitney U test P < 0 05).
Contrary to previous findings, however, none
of the stimuli resulted in significant differ-
ences in release of TNF-a between miners
with or without CWP; moreover the sponta-
neous release of TNF-a was significantly
higher in controls not exposed to dust v both
miners' groups (Mann-Whitney, P < 0-01).

TNF-a and profusion score

Figure 3 shows the individual TNF-a data for
the total follow up group (n = 104) upon
stimulation with coal mine dust as a function
of profusion score. As previously,'2 a large
variation in response to TNF-a upon stimula-
tion with coal mine dust was found in healthy
miners. In miners in the early stages of CWP,
release of TNF-a was significantly increased
and a decrease in release of TNF-a was found
along with the increasing stage of CWP that
seems to continue in progressive massive
fibrosis. Spearman rank correlation tests
showed a significant downward trend in
release of TNF-a with increasing profusion
score starting from the ILO score 0/1, upon
stimulation with coal mine dust (n = 28,
r =-0-41, P < 0-05), silica (n = 28, r =
-0-39, P < 0 05) and to a lesser degree with a
low concentration of endotoxin (3 ng/ml, n =

28, r =-0-32, P < 0. 1). In the HRCT sub-
group (n = 46) a downward trend of release
of TNF-a was also found with increasing
visual score of lesions in miners starting from
ILO class 0/1; however, this trend did not
reach significance for any stimulus (n = 13,

Figure 3 Release of
TNF-a in 1992 in nglml
of blood monocytes of
individual miners
stimulated with coal mine
dust as a function of 1992
chest radiograph
classification. Profusion
categories are 0 (0/0), 1
(0/1), 2 (1/0, 1/1, 1/2), 3
(211, 212, 2/3), 4 (312,
313), 5 (3/+, progressive
massive fibrosis).
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P > 0O1). In miners without the classic ILO
evidence for CWP the release of TNF-a
was not related to HRCT score, except for
release of TNF-a stimulated with high con-
centration of endotoxin (1000 ng/ml).
Interestingly, this increased with increasing
number of lesions (Spearman, r = 0-35, P <
0-05, n = 33).

LONGITUDINAL DATA ANALYSIS: RESULTS OF
FIVE-YEAR FOLLOW UP
Follow up characteristics
Ultimately 104 coal miners (67% of the origi-
nal cohort) participated in our follow up (fig
1) and 40 out of 66 coal miners involved in
the TNF-a study'2 attended for our follow up
measurements. No selection bias was found
for age, smoking, or time underground as was
found in the original study (table 3). Both
groups did not differ for medication (yes/no,
two tailed test), or for pneumoconiotic stage
(1987 chest radiograph, two tailed test), or for
mean release of TNF-a (table 3). During the
follow up all miners had left active mining,
and there had been no occupational exposure
for at least four years in half of our miners and
for at least two years in more than 85% of our
miners. No selective loss to follow up from
active mining had taken place (table 3). The
mean (SD) age of retirement in our total fol-
low up group (n = 104) was 44-7 (5 1).
Despite retirement a significant proportion of
the cohort (n = 104) showed progression of
CWP. Based on the paired readings of the
chest radiographs, it was shown that during
this five year follow up period four out of 80
healthy coal miners contracted CWP (5%),
and that in 11 cases existing CWP progressed
(46%). In two miners progressive massive
fibrosis was established (3/2rA and 2/3rA).
From the miners of the original TNF-a study
who were involved in the follow up study (n =
40), one out of 30 control miners developed
new CWP, and five out of 10 miners had pro-
gression of already existing CWP.

Table 3 Group characteristics of the miners involved in
the TNF-a study of 1987 (n = 66) and the subgroup
involved in thefollow up (n = 40)

1987 1992
(n = 66) (n = 40)

Age (y)* 49-4 (0-76) 48-1 (1-04)
Smoking (cigarettes/day)* 6-1 (1 00) 4-8 (1 15)
Smokers (yes/no)* 32/34 17/23
Medication (yes/no)* 10/56 6/34
Time underground in

1987 (y)* 21-2 (0-49) 20-7 (0 70)
Time underground in

1992 (y)t 22-3 (0-41) 21-9 (0-57)
Time retired (months)t 45-9 (2-00) 43-7 (2-75)
ILO classifications*:

0/0 39 25
0/1 7 4
1/0, 1/1, 1/2 9 (2, 5, 2) 5 (1, 2, 2)
2/1, 2/2, 2/3 8 (0, 6, 2) 4 (0, 4, 0)
3/2, 3/3 3 (0, 3) 2 (0, 2)

Release ofTNF-a (ng/ml)§:
Spontaneous 0-86 (0-14) 0 93 (0-21)
Endotoxin (3 ng/ml) 3-72 (0-31) 3-65 (0 34)
Endotoxin (1000 ng/ml) 6-00 (0 59) 6-06 (0-77)
Coal mine dust 1-32 (020) 1-17 (0-16)
Silica 1-35 (0 20) 1-12 (0-19)

Values are mean (SEM); *data from the 1987 study; data
from personal records in the mine (1992); chest radiograph
in 1987; §see text for details.
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TNF-a as a marker in pneumoconios4s

Longitudinal analysis of TNF-a in the follow up
group
In the TNF-a follow up group, paired tests of
the individual data of 1987 and 1992 (n =
40), showed significant differences in sponta-
neous release of TNF-a, release of TNF-a
upon stimulation with a low concentration of
endotoxin and with coal dust (P < 0 05).
Significant correlations between the TNF-a
data of 1987 and 1992 were found upon
stimulation with coal mine dust (r = 0 44,
P < 0-01) or a low dose of endotoxin
(r = 0 35, P < 0-05). These correlations were
also significant in the miners without CWP
(n = 28, P < 0-01, r = 0.49), and in all sub-
jects (control miners and miners with CWP)
without progression during the five year fol-
low up (n = 33, P < 0-05, r = 0-43) for stimu-
lated release of TNF-a with coal dust as well
as with 3 ng/ml endotoxin (data not shown).
Upon stimulation with 1000 ng/ml endotoxin
no significant correlation was found in the
whole TNF-a follow up group, but interest-
ingly, a significant relation was found only in
the six miners with five year progression of
CWP (n = 6, P < 0-05, r = 0-89). Corre-
lations in the spontaneous release of TNF-a
or the release upon stimulation with silica
were not found in any subgroup.

TNF-a exposure, and progression
Multiple linear regression showed that TNF-a
is not a marker of exposure as release of
TNF-a in either 1992 or 1987 was not related
to individual cumulative (dust or quartz)
exposure or to any of the other exposure vari-
ables in TNF-a follow up subgroup (n = 40).
Retrospective analysis showed, however, that
the cumulative exposure was significantly
related to progression of CWP. The OR of
cumulative exposure v progression of CWP
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Figure 5 Receiver operator characteristic (ROC) curves
of monocyte TNF-a release in 1987 as an indicator of
progression of CWP. The diagonal with an area under the
curve (AUC) of50%, marks the theoretical relation ofan
indicator without discriminative power. A perfect ROC
association would be an inverse L-shaped curve in the
upper left corner of the figure, corresponding to an AUC of
100%. The area under the curve was 44% for spontaneous
release of TNF-a, 55% for release of TNF-a upon
stimulation with 3 ng/ml endotoxin, and 74% for release of
TNF-a upon stimulation with coal dust.

was 3-72 (significant at a 90% CI), with the
mean cumulative exposure (100 gh/M3n) as a
cut off for high and low exposure. In the
TNF-a follow up subgroup (n = 40), cumula-
tive exposure was also significantly related to
progression at various cut off levels. Figure 4
shows both these observations and that all but
one miner who showed progression (or devel-
opment) of pneumoconiosis between 1987
and 1992 originally had a release of TNF-a
that exceeded the normal range in 1987. The
relative risk of progression in CWP for miners
who showed abnormal in vitro release of
TNF-a was 8-1 (90% CI 1-2-55-0), with the
cut off for dust stimulated TNF-a of 2 SDs
above the mean of controls not exposed to
dust. To determine sensitivity and specificity
at any cut off point of TNF-a upon the differ-
ent in vitro stimuli, ROC curves were calcu-
lated.22 Figure 5 shows ROC curves for
spontaneous release of TNF-a and for release
of TNF-a upon stimulation with 3 ng/ml
endotoxin and coal dust. The strongest asso-
ciation between high TNF-a and progression
was found for release of TNF-a stimulated by
dust, with an area under the curve (AUC) of
74%. No clear associations were found in all
other options (44% < AUC < 55%).

0 50 100 150 200 250 Discussion
Cumulative exposure (gh/m3) The findings of our follow up study among

Figure 4 Graphical illustration of the relative rskf retired coal workers lend support for an
miners with high (> mean + 2SDs) release of TNF-a essential role of TNF-a in the genesis of
(1987) and high (> mean) cumulative exposure to dust in pulmonary fibrosis induced by mineral dusts
the progression ofCWP compared with all miners involved in general,' 5-8 14 15 and CWP in particular. 12 16 23 24
in the TNF-a follow up study (n = 40). Note that no
correlation is present between TNF-a and exposure (r2 = Moreover this study shows that, when care-
0 069) and that the solid circles, which indicate the people fully applied, release of monocyte TNF-a is a
with progression (n = 6), are in the right quadrants (high valid tool for the prognosis of CWP. The large
TNF-a and high exposure) of the scheme. The arrow variation of TNF-a found in healthy miners
indicates when the subject was first diagnosed to have
developed CWP. In the upper right quadrant, age, (0/0) and miners in the early stages of CWP
smoking habits, cumulative exposure and 1987 or 1992 (0/1) proved to be a scientific basis for a sus-
TNF-a release were not different between the miners with ceptibility marker: those with a high release of
progression ofCWP (n = 4) and those without progression tNF-a upon ti on with a dust are at
(n = 7). TNF-a upon stimulation with coal dust are at
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higher risk of developing or progression of
CWP. Although to test this hypothesis only
analysis of the relation of the original TNF-a
concentrations with prospective changes in
CWP was needed: TNF-a was also measured
in the present study and several other aspects
were included. This also allowed us to test the
possible feedback mechanisms in the pro-
gression of CWP, as already suggested, the
reproducibility of the assay and cross sectional
results, and effects of the end of occupational
exposure (retirement). Individual exposure
assessment and HRCT screening, both
mainly focused on miners with normal chest
radiographs, were included to investigate (or
exclude) the role of in vitro stimulated release
of TNF-a as a marker of exposure or as a
marker of early (fibrotic) effects.

Cross sectional findings in the present
study were similar to those of the original
study.' Although significant differences in
absolute TNF-a concentrations were found,
release of TNF-a upon stimulation with coal
dust and the low concentration of endotoxin
in 1987 and 1992 were significantly corre-
lated. This relation was present in the entire
follow up group, as well as in all subjects with-
out progression of CWP. Interestingly, TNF-a
concentrations were not correlated in miners
with progression of CWP, except for TNF-a
released upon stimulation with a high concen-
tration of endotoxin (n = 6). This suggests a
feedback on release of TNF-a during active
fibrosis. In contrast with our previous obser-
vations, no significant differences in TNF-a
were found between miners with and miners
without CWP, and the spontaneous release of
TNF-a was significantly higher in the non-
exposed controls. Both changes are likely to
be due to the retirement of the miners in our
present study-that is, a reduced in vivo stim-
ulation or priming. This is supported by the
results of Lasalle et al in active and retired
miners. These authors found that baseline
release of TNF-a in alveolar macrophages was
significantly higher in active miners.'6 We
therefore suggest that serum concentrations of
TNF-a and baseline (spontaneous) release
from monocytes or alveolar macrophages
reflect an acute response to inhaled dusts,
whereas the in vitro release by monocytes in
peripheral blood shows the chronic adaptation
of a subject. In our study such an adaptation
may be due both to long term (and subse-
quent end of) exposure to coal dust and the
effect of early pathogenic processes. Evidence
for the involvement of exposure is the large
variation in release of monocyte TNF-a in
miners v controls. The role of early disease
also seems evident, considering that the highest
release of TNF-a was found in miners in the
early stages of CWP.

Although release of TNF-a was highest in
the early stages of CWP according to chest
radiographs, HRCT analysis showed that
release of TNF-a by men within this category
was not related to the number of lesions
found by HRCT. Therefore, the variation in
in vitro release of TNF-a, the basis of evalua-
tion of this biomarker, is unlikely to be biased

by early fibrotic processes. Also all evidence
that could show that TNF-a is an exposure
marker is negative; no relation between
release of TNF-a and any exposure index
(cumulative exposure, exposure years, time
since first exposure) could be shown. This
does not mean, however, that TNF-a is not
affected by exposure, as TNF-a concentra-
tions in coal miners are clearly different from
those in subjects without chronic exposure to
mineral dust. Perkins et al reported similar
findings in subjects with long term exposure
to asbestos without evidence of asbestosis.5
The lack of relations between release of
TNF-a and exposure indices could be consid-
ered a false negative result because of the orig-
inal selection of subjects in the first
case-control design, matched for age and
years underground,'2 or to errors in the esti-
mation of individual exposure. One could
suggest that differences in exposure are there-
fore too small to detect any significant correla-
tion with other variables. This is, however,
contradicted by the large variation of cumula-
tive exposure (four fold) at the same period of
years underground, and the biological plausi-
bility of the existing relations between expo-
sure and CWP: calculated cumulative
exposure to dust correlated significantly with
pneumoconiotic stage (r = 034, P < 0-001
chest radiographs; r = 044, P < 0005
HRCT), and was significantly higher in min-
ers with progression of CWP.

Interestingly, the incidence of CWP and
progression to more severe stages in this small
cohort was significant, especially when taking
into account that all miners retired early during
follow up. As progression was derived from
paired readings of chest radiographs, no
doubt exists on the identity of progressed
cases. The extent of progression is subject to
variation due to differences in size of some
radiographs, increased weight of most sub-
jects, and interpretation error. Our findings
are in line with epidemiological data that
showed that progression is highest in
advanced stages of CWPV25 and that incidence
of CWP is more frequent among men who
have left the industry than among those in the
active work force.2627 Therefore, there are
extensive populations at risk of CWP
throughout the world and methods of screen-
ing and surveillance by careful monitoring of
the health of these miners and ex-miners are
needed. In our study, both cumulative dust
exposure and release of TNF-a in 1987 were
significantly related to five year changes in
CWP. The (retrospective) estimate of the OR
for cumulative exposure was 3-72, and the rel-
ative risk for progression ofCWP for someone
with an abnormal (> mean + 2 SD) release of
TNF-a was 8 1 in this cohort. There is a sub-
tle difference between cumulative exposure
and release of TNF-a: dust exposure deter-
mines the prevalence of CWP after several
years, whereas release of TNF-a determines
the individual risk at a certain exposure (fig
4).

It should be emphasised that in vitro
release of TNF-a induced by coal mine dust
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was the best predictor of progression, whereas
baseline release of TNF-a was not related to
five year progression of CWP (fig 4). Again
this raises the question of priming of the
monocytes by external exposure to mineral
dust. Apart from our original suggestion of
this phenomenon in coal miners,'2 priming of
macrophages was reported by Mohr et al in
rats exposed to silica8 and in asbestos work-
ers.5 Local lung modulatory factors have been
suggested in the upregulation of secretion of
TNF-a by monocytes25 but also autocrine
pathways may be involved in the priming of
macrophages.29 30 We think that priming of
monocytes in coal miners reflects the response
to chronic release of factors from the lung
loaded with coal dust. Studies with alveolar
monocytes, and lung tissue of coal miners'624
confirmed this hypothesis and also suggested
that as well as silica other compounds in coal
dust and smoking'6233' are important in the
release of such factors. For example, in our
study stimulated release of TNF-a was lower
in miners who smoked, whereas the baseline
response tended to be higher in non-smokers.
Several results suggested the presence of feed-
back mechanisms that counteract the
processes (dust exposure, smoking, and
inflammatory response) that upregulate
release of TNF-a from monocytes. Previously,
and at follow up, we noted a downward trend
of stimulated release of TNF-a as CWP stage
increased. Moreover, in 1992 release ofTNF-
a was not such a good predictor of progres-
sion of CWP as it was in 1987. Also
correlations between assays in 1987 and 1992
were only significant in miners without pro-
gression ofCWP and not in miners whose dis-
ease had progressed. We could not test the
possible effect of feedback on TNF-a as a
marker of progression of CWP in our cohort
because only retired miners were involved.
Therefore, we are not able to discriminate
between the effects of stopping exposure and
failure of feedback as determinants of mono-
cyte release of TNF-a. This remains an inter-
esting subject for future investigations in a
larger cohort of active miners.

In conclusion, our data add in vivo human
evidence to the already existing in vitro and
animal data that TNF-a is a crucial mediator
in lung disease induced by mineral dust. It is
appreciated that the size, original selection,
and follow up interval of our cohort could
limit the significance of our findings. The
original study had a case-control design
matched for age and exposure to investigate
the involvement of TNF-a in CWP. To reach
an acceptable response and statistical power
(cases with progression), the cohort had to be
supplemented with other miners, screened by
us for different purposes in the same year.
Nevertheless, the reproducibility of cross sec-
tional findings was excellent. Moreover, we
showed that TNF-a data are not biased by
either exposure or stage of disease and
showed a high relative risk of high release of
TNF-a at equal exposures and radiological
outcomes. Its specificity as a marker is shown
by the fact that none of the subjects with a

normal release of TNF-a showed progression
of disease. Determination of the ROCs (fig 5)
showed that the significance of our findings
was not solely due to the specific choice of the
cut off in the present study, and allowed this
marker to be applied to other cohorts of
(retired) coal miners. Future follow up will
increase the number of cases as the average
age of our cohort is well below the current
average to contract CWP2627 and can help to
get a more reliable estimate of the relative
risk. Other estimates can come from studies
that will use this method as a tool for health
surveillance in, for example, miners who leave
the active work force.
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thank Luc Lenaerts (MD), Luc Marirn (MD) and Marc van
Sprundel (MD, PhD) for reading the chest radiographs, Rob
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exposure estimations, and Thim Derhaag for technical assis-
tance. Finally, we acknowledge Wim Buurman (PhD) for pro-
viding the TNF-a assay and useful advice. This study is
supported by grant No 7263/03/092 of the European
Community for Steel and Coal.
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(described in full in the BMJ, 24 February
1979, p 532) is intended to standardise
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ence is cited (Manson' confirmed other
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