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T he in�ammation markers alpha-1-antitrypsin (AAT), Clara cell protein (CC-16),
soluble interleukin-2-receptor (IL-R) and the soluble adhesion molecule E-selectin, the
intercellular adhesion molecule (ICAM-1) and the vascular adhesion molecule (VCAM-1)
were determined in the serum of 195 salt-exposed miners to analyse dose–response
relationships between markers and potash dust. Alpha-1-antitrypsin, Clara-cell protein,
IL2-R, E-selectin and VCAM-1 were not changed by salt exposure, however the ICAM-1
level in the serum fell slightly as the salt exposure increased. This effect was strongest in
the group of smokers, still visible in the group of ex-smokers, no effect was seen in non-
smokers. Markers, with the exception of VCAM-1, were in�uenced by tobacco exposure.
Since markers were not elevated in relation to salt dust exposure, the results do not
support an in�ammatory effect of potash dust on the respiratory system.

Keywords: in�ammation markers, potash dust, tobacco exposure.

Abbreviations: AAT, alpha-1-antitrypsin; CC-16, Clara cell protein; es, ex-smoker (non-
smoker for at least 1 year); FVC %, forced vital capacity in percent of normal value;
ICAM-1, intercellular adhesion molecule; IL-R, interleukin-2-receptor; ns, non-smoker;
s, smoker; VCAM-, vascular adhesion molecule.

Introduction
Prevention of occupational lung diseases could be more effective if early

diagnosis by determination of other markers, e.g. indicators of in�ammation, is
done complementary to lung function tests. In�ammation markes in the serum may
be changed after exposure to irritants or allergens, and can thus be used as sensitive
tools to monitor adverse effects on the respiratory system. This was the reason for
analysing in�ammation markers in the serum of potash-exposed miners in addition
to changes in lung function (Lotz et al. 1997, 1998) during a study which looked at
the effect of salt dust on miners.  The results of this study by Lotz et al. suggest that
high concentrations of soluble dust over a working life slightly decrease the lung
function parameters FVC and FEV1. Additional factors of exposure in
underground working are diesel exhaust and nitrogen dioxide, but the different
effects of these factors could not been identi�ed because of the high
intercorrelation of these factors with salt dust. These results are comparable to the
results of other studies indicating higher rates of bronchitis and partially decreased
lung function in salt miners (Regenspurger 1966, Possner 1967, Markham and Tan
1981, Att�eld et al. 1982, Graham et al. 1984, Hohbein 1989). No information was
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found in the literature concerning the effect of potash exposure on in�ammation
markers.

T his part of the study describes the effect of salt dust on in�ammation markers,
additionally the effect of tobacco exposure on in�ammation markers was analysed
to further examine their value as effect markers after exposure to irritants.

T he following parameters were selected because data in the literature show that
they are changed after exposure to irritants or allergens and/or in patients with
airway diseases (table 1):

Alpha-1-antitrypsin, which is the most important protease for the lung defence
system (Carell 1990).

Clara cell protein which is a natural immunoregulator protecting the respiratory
system by control of in�ammation. The protein is secreted by Clara cells, non-
ciliated cells in the bronchioles (Massaro 1987, Lesur et al. 1995, Dierynck et al.
1996).

Interleukin-2 receptor which is expressed on activated T-cells, and shed into the
serum during immune activation (Rubin and Nelson 1990). Intercellular adhesion
molecule, the vascular adhesion molecule and E-selectin which are receptors for
leukocytes, expressed on endothelial cells and facilitate the in�ux of leukocytes to
sites of in�ammation (Gearing et al. 1992, Canonica et al. 1994, Hamacher and
Schaberg 1994).

Methods
Serological investigation

Out of the original cohort of 402 salt miners 195 were examined by serological methods (the 195
miners were comparable to the total group of 402 regarding age, smoking habits and salt exposure).
since the investigated markers are not speci�c for in�ammations of the respiratory tract, sera from
persons with other in�ammatory diseases (rheumatic diseases, psoriasis, atopic eczema, urticaria,
infectious diseases, autoimmune diseases, in�ammatory diseases of the gastrointestinal tract) had to be
excluded. Blood was collected and centrifuged after 2 h clotting time at room temperature. Serum was
frozen in small aliquots to prevent repeated freezing and thawing and stored at –20 °C. Sera were
analysed within 6 months. Parameters ICAM-1, VCAM-1, E-selectin and IL2-R were analysed in 195
sera using ELISA systems according to the manufacturer’s instructions (see table 2). The same batch
number was used for all samples. Alpha-1-antitrypsin was investigated in 112 sera by nephelometry.
Measurement of the Clara cell protein was performed in the laboratory of Prof. Bernard (Bernard et al.
1991) by immunoassay in a selected sample of n = 41. There were technical reasons for analysing smaller
samples for alpha-1-antitrypsin and the Clara cell protein. With regard to age, smoking habits and salt
exposure the smaller groups were comparable to the group of n= 195. Table 2 summarizes the numbers
of sera investigated, intra-individual coef�cient of variation and origin of assay.

Exposure assessment
Salt dust was measured by two-step gravimetry. Individual lifetime exposure values were calculated

for all miners. Mean individual dose of inhalable dust (de�ned as the mass fraction of inhaled particles,
which is inhaled through the nose and mouth) was 4446 mg m–3 ´ months (range 360–17171 mg m–3 ´
months) and of respirable dust (de�ned as the mass fraction of inhaled particles penetrating through the
unciliated airways) 609.85 mg m–3 ´ months (range 57.6–1942 mg m–3 ´ months). The amount of diesel
exhaust was estimated to be 5 ± 29 mg m–3 ´ months. Only a few short time values measured by indicator
tubes were available for nitrogen dioxide.  They could not be used for individual lifetime exposure
values.

Statistical analysis
Group differences between smokers, ex-smokers and non-smokers were analysed by the t-test,

dose–response relationships were calculated by partial correlation and/or regression analysis. Statistical
analysis was carried out with SPSS, Version 6 (Munich, FRG).

120 E. Backé et al.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



In�ammation markers in salt-exposed miners 121

T
ab

le
 1

.
In

�a
m

m
at

io
n 

m
ar

ke
rs

, s
er

um
 le

ve
l o

r 
ce

ll 
ex

pr
es

si
on

 fo
llo

w
in

g 
ex

po
su

re
 to

 ir
ri

ta
nt

s 
an

d 
al

le
rg

en
s–

in
�a

m
m

at
io

n 
m

ar
ke

rs
 a

nd
 o

bs
tr

uc
ti

ve
 a

ir
w

ay
 d

is
ea

se
s.

E
xp

os
ur

e/
m

ar
ke

r
A

A
T

C
C

-1
6

IL
2-

R
E

-s
el

ec
ti

n
IC

A
M

-1
V

C
A

M
-1

T
ob

ac
co

 s
m

ok
e

­
¯

­
=

­
=

Sp
le

tt
st

ös
se

r 
et

 a
l. 

B
er

na
rd

 e
t a

l. 
19

92
b

  
T

ol
le

ru
d 

19
94

S
ch

ab
er

g 
et

 a
l. 

19
96

S
ch

ab
er

g 
et

 a
l. 

19
96

S
ch

ab
er

g 
et

 a
l, 

19
96

19
90

Sh
ij

ub
o 

et
 a

l. 
19

97
G

in
n

s 
et

 a
l. 

19
90

O
zo

ne
­

­
2 

­
D

ev
lin

 e
t a

l. 
19

91
D

od
ge

 e
t a

l. 
19

94
 

B
ec

k 
et

 a
l 1

99
4

H
on

g 
19

96
T

ak
ah

as
hi

 e
t a

l. 
19

95

A
lle

rg
en

s
­

­
­

­
V

ir
ch

ow
 e

t a
l. 

19
95

Z
an

gr
il

li
 e

t a
l. 

19
95

 
Z

an
gr

il
li

 e
t a

l.
19

95
T

ak
ah

as
hi

 e
t a

l. 
19

94
K

at
o 

et
 a

l. 
19

95

A
st

hm
a/

rh
in

it
is

­
­

­
M

at
su

m
ot

o 
et

 a
l. 

19
94

M
on

te
fo

rt
 e

t a
l. 

19
94

K
ob

ay
as

hi
 e

t a
l. 

19
94

 
G

os
se

t 
et

 a
l. 

19
95

H
ir

at
a 

et
 a

l. 
19

98
H

ir
at

a 
et

 a
l. 

19
98

B
ro

nc
hi

ti
s

¯
­

­
B

er
na

rd
 e

t a
l. 

19
92

a
R

is
e 

et
 a

l. 
19

94
di

 S
te

fa
no

 e
t a

l. 
19

94

­
In

cr
ea

se
d 

le
ve

l/e
xp

re
ss

io
n 

ve
rs

us
 c

on
tr

ol
s;

 ̄
, d

ec
re

as
ed

 le
ve

l/e
xp

re
ss

io
n 

ve
rs

us
 c

on
tr

ol
s;

 =
 n

o 
ch

an
ge

 v
er

su
s 

co
nt

ro
ls

; 1
 r

es
ul

ts
 p

ro
ve

n 
in

 a
ni

m
al

 m
od

el
s 

or
 2

 h
um

an
ce

ll 
lin

es
.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Results
Table 3 shows mean values, standard deviation and range of in�ammation

markers, and coef�cients of variation for the methods that have been used. Mean
values of in�ammation markers were comparable to the values obtained by analysis
of sera from blood donors, carried out as described in the manufacturer’s
instructions.

Out of the six in�ammation markers only ICAM-1 was affected by potash
exposure (table 4). As shown by regression analysis, the ICAM-1 level was lowered
as the salt exposure increased. ICAM level was lowered in smokers and in ex-
smokers with a higher salt exposure, no effect was seen in non-smokers (table 5),
but the decrease of ICAM-1 was low. No correlation was found between diesel
exhaust and in�ammation markers (table 6).

Signi�cant differences were found for alpha-1-antitrypsin between smokers and
non-smokers as well as between smokers and ex-smokers.  There was a trend to
lower Clara cell protein levels in smokers compared with non-smokers and ex-
smokers and a correlation to the number of pack-years.  The adhesion molecule E-
selectin was increased in smokers and ex-smokers compared with non-smokers,
levels in smokers correlating to the number of smoked cigarettes per day. Very
distinct differences between the serum level of ICAM-1 in the three groups were
seen, ICAM-1 level was signi�cantly higher in smokers than in non-smokers and
ex-smokers. Correlation was found between ICAM serum levels in smokers and
pack-years as well as the number of cigarettes smoked per day. Levels of IL2-R
and VCAM-1 in serum did not signi�cantly differ between the three groups (tables
7 and 8).

Discussion
AAT, CC-16,. IL2-R and E-selectin are not changed by potash dust, as has

been reported for other types of exposure. Elevated levels of AAT in the BAL of
healthy subjects following ozone exposure have been described (0.1 ppm) by
Devlin et al. (1991). Epidemiological studies comparing AAT serum levels of
women in areas with different air pollution show, that AAT serum levels tend to be
higher in more polluted areas (Neuhann et al. 1994, Stiller-Winkler et al. 1996).
Elevated CC-16 levels have been reported following exposure to ozone (Dodge et
al. 1994, Hong 1996) and asbestos (Lesur et al. 1996), lower CC-16 concentrations
were found in silica-exposed persons (Bernard et al. 1994). Our results suggest that
the ICAM-1 serum level is slightly decreased with higher salt exposure, this effect
was most evident in smokers. In the literature, however, an increased expression of
adhesion molecules on nasal epithelial cells and bronchial epithelial cells has been

122 E. Backé et al.

Table 2. Methods used to analyse in�ammation markers.

Marker Number of sera Coef�cient of variation (%) Origin of assay

AAT, g l–1 112 2 Beckmann Instruments
CG-16, m g l–1 41 8 Bernard 1991, 1997
IL2-R, U ml–1 195 13.9 Milenia, Biermann
E-selectin, ng ml–1 195 8.5 R + D Systems
ICAM-1, ng ml–1 195 3.7 T-Cell Diagnostics
VCAM-1, ng ml–1 195 9.7 R + D Systems
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described after ozone inhalation (Beck et al. 1994, Takahashi et al. 1995). Elevated
levels of the adhesion molecules (ICAM-1, E-selectin, VCAM-1) were observed
after allergen provocation (Takahashi et al. 1994, Zangrilli et al. 1995, Hirata et al.
1998). The decreasing ICAM-1 values following salt dust exposure, suggesting an
anti-in�ammatory effect, are also in contrast to �ndings obtained by analysis of
relationships between potash exposure and lung function parameters. A decrease of
FVC%N was observed which was dependent on respirable dust dose (coef�cient of
regression = –0.0027, p = 0.06)and inhalable dust dose (coef�cient of regression =
–0.00038, p = 0.03) (Lotz et al. 1997).

A release of cytokines from epithelial cell lines (Steerenberg et al. 1988) and rat

In�ammation markers in salt-exposed miners 123

Table 3. Mean values, standard deviation, range and coef�cient of variation.

Standard Interindividual coef�cient
Marker Mean value deviation Range of variation (%)

AAT, g l –1 1.4 0.2 0.91–2.0 14
CG-16, m g l–1 16.9 5.8 6.7–33.1 34
IL2-R, U ml–1 378 135 135–192 35
E-selectin, ng ml–1 54.8 20.8 3.4–130 37
ICAM-1, ng ml–1 341 79.4 172–635 23
VCAM-1, ng ml–1 659 179 326–1562 27

Table 4. Effect of cumulative salt exposure (dose) on in�ammation markers (regression analysisa)

Respirable dust (mg m–3 ´ months) Inhalable dust (mg/m–3 ´ months)

Coef�cient of Coef�cient of
Marker regression p-value regression p-value

AAT, g l–1 –0.000075 0.06 –0.0000075 0.14
CG-16, m g l–1 0.002 0.13 0.0003 0.25
IL2-R, U ml–1 0.001 0.96 0.00076 0.77
Selectin, ng ml–1 –0.001 0.12 0.00026 0.50
ICAM-1, ng ml–1 –0.0039 0.07 –0.004 0.01
VCAM-1, ng ml–1 –0.0027 0.95 –0.00045 0.89

a Other variables included in the regression model: age, height, body mass index, relative weight,
smoking (yes/no), in�ammatory respiratory diseases in the past, coronary diseases, other types of
exposure before working in the salt mine.

Table 5. Effect of cumulative salt exposure (dose) on ICAM-1 serum level in the group of non-
smokers, ex-smokers and smokers (regression analysisa)

Respirable dust Inhalable dust
(mg m–3 ´ months) (mg m–3 ´ months)

Coef�cient of p-value Coef�cient of p -value
regression regression

Non-smoker (n = 44) –0.013 0.47 –0.002 0.30
Ex-smoker (n = 81) –0.039 0.03 –0.003 0.08
Smoker (n= 70) –0.070 0.03 –0.009 0.06

a Other variables included in the regression model: age, height, body mass index, relative weight,
in�ammatory respiratory diseases in the past, coronary diseases, other types of exposure before working
in the salt mine.B
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alveolar macrophages (Yang et al. 1997) that have been exposed to diesel exhaust
have been described, however no relationship was found between the in�ammation
markers analysed in this study and diesel exhaust. Since diesel exhaust exposure
was highly correlated to salt exposure the lack of a relationship to in�ammation
markers was not unexpected.

Smoking seems to have an effect on serum levels of in�ammation markers AAT,
CC-16, ICAM-1 and E-selectin. These results support data reported in the
literature and con�rm their value as useful markers for an adverse effect after

124 E. Backé et al.

Table 6. Effect of diesel exhaust dose (mg m–3 ´ months) on in�ammation markers 
(regression analysisa).

Markers Coef�cient of regression p-value

AAT, g l–1 –0.00044 0.41
CG-16, m g l–1 0.0028 0.31
IL2-R, U ml–1 0.09 0.75
Selectin, ng ml–1 –0.037 0.16
ICAM, ng ml–1 –0.22 0.38
VCAM-1, ng ml–1 –0.154 0.68

a Other variables included in the regression model: age, height, body mass index, relative weight,
smoking (yes/no), in�ammatory respiratory diseases in the past, coronary diseases, other types of
exposure before working in the salt mine.

Table 7. Mean level of in�ammation markers in non-smokers, ex-smokers and smokers (t-test).

Non-smoker Ex-smoker Smoker 
Marker (ns) (es) (s) p-value

AAT g l–1 1.34 1.40 1.50 ns/s 0.00
ns n = 24 ns/es 0.20
es n = 42 es/s 0.01
s n = 53

CC-16 m g l–1 18.3 18.1 14.7 ns/s 0.06
ns n = 7 ns/es 0.95
es n = 13 es/s 0.10
s n = 21

IL2-R U ml–1 356 364 400 ns/s 0.06
ns n = 44 ns/es 0.81
es n = 81 es/s 0.13
s n = 70

E-selectin ng ml–1 47.7 54.8 54.5 ns/s 0.06
ns n = 44 ns/es 0.05
es n = 81 es/s 0.93
s n = 70

ICAM-1 ng ml–1 314 317 377 ns/s 0.00
ns n = 44 ns/es 0.78
es n = 81 es/s 0.00
s n = 70

VCAM-1 ng ml–1 680 664 627 ns/s 0.11
ns n = 44 ns/es 0.65
es n = 81 es/s 0.22
s n = 70
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exposure to irritants. In the sera of smokers, elevated levels of AAT have also been
reported by Splettstösser et al. (1990). Our study shows elevated levels of the
adhesion molecules E-selectin and ICAM-1 in smokers dependent on pack years or
the number of cigarettes smoked. This could be explained by an activation of
alveolar macrophages, leading to secretion of mediators such as TNF-alpha which
induces the expression of adhesion molecules. Also Grothey et al. (1998) have
described elevated ICAM-1 levels in the sera of smokers. Increased expression of
E-selectin in bronchial biopsies of smokers and ex-smokers versus non-smokers is
suggested by Turato et al. (1995), which is in agreement with our results. Schaberg
et al. (1996) however could not �nd increased E-selectin expression in smokers.
Elevated ICAM-1 levels in smokers are in agreement with the immunohistological
results reported by Schaberg et al. (1996) and Turato et al. (1995). In contrast to
our study Turato et al. could not �nd a difference between ICAM-1 serum level in
smokers and ex-smokers. However, results obtained by immunohistological
techniques are dif�cult to compare to serological investigations since the cellular
source of soluble adhesion molecules cannot be veri�ed. Other investigators
analysing ICAM-1 and/or E-selectin levels in the serum were not able to �nd
differences between smokers and non-smokers, which might, for instance, be
explained by different cohort characteristics, e.g. patients with sarcoidosis (Ishii
and Kitamura 1995) or bronchitis (Riise et al. 1994).

Since AAT, CC-16, IL2-R and E-selection were not changed and the ICAM-1
level was slightly lowered by potash exposure, the results obtained for the
in�ammation markers do not support the suggestion of an adverse effect of potash
dust on the respiratory system. Additionally an in�ammatory effect of diesel
exhaust could not be veri�ed by these markers. A relationship was found between
lung function parameters and salt dust exposure. However, the effect of salt
exposure on lung function was also low and there was no higher rate of chronic
obstructive lung diseases observed with higher salt exposure (Lotz et al. 1998). The
inverse relationship between salt exposure and ICAM-1 level, especially in
smokers, may be explained by an increased respiratory clearing mechanism in
smokers possibly leading to a loss of ICAM-1 expressing/secreting cells.

In�ammation markers in salt-exposed miners 125

Table 8. Correlation of in�ammation markers and tobacco exposure in smokers (partial correlationa)

Pack-years Number of cigarettes per day

Coef�cient of Coef�cient of
Marker correlation p-value correlation p-value

AAT, g l–1 0.222 0.06 0.160 0.17
n = 53
CC-16, m g l–1 –0.485 0.06 –0.277 0.30
n = 21
IL2-R, U ml–1 –0.092 0.46 –0.131 0.30
n = 70
E-selectin, ng ml–1 0.153 0.22 0.243 0.05
n = 70
ICAM-1, ng ml– 0.298 0.02 0.296 0.02
n = 70
VCAM-1, ng ml–1 –0.012 0.92 –0.101 0.42
n = 70

a Adjusted for the variables: age, body-mass index, relative weight, inhalable dust concentration.
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